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1 INTRODUCTION

101 Scope

The General Interface Specification (GIS) defines electrical, m=h~ical, t.heti, ~d
environmental requirements which are common to many of the Spacecraft bus elements. The
requirements contained herein define standard interfaces between the various Spacecraft bus
subsystems and Spacecraft bus users of those subsystem’s services. Environmental requirements
are also specifkd herein. They provide the extremes of the environmental conditions expected
during integration, storage, transportation, pre-launch, launch and ascent, and on+bit life. They
also define restrictions on the contributions components can make to generating certain
environments. These environments form the basis against which the Veriilcation Specflcation
defines the test levels for the various Spacecraft elements.

The intent of this spec~lcation is to provide a consolidation of design requirements which are
common to multiple components of the Spacecraft bus such that spec~lcations can invoke common
requirements simply by referencing the GIS. Spacecrtit bus-tcAnstrument interfaces are defined
in the General Instrument Interface Specii7cation (GIIS). Unique interfaces are defined in the
relevant component and assembly performance specifications.

1.2 Using This Document

Component and assembly performance specitlcations are ultimately responsible for defining the
interfaces for each Spacecraft bus element. Requirements in those documents supercede the
requirements contained herein. Deviations from the GIS must be listed in section 6 of the
nonconforming spacecraft equipment’s performance spectilcation. The GIS provides definition
of most common intetface requirements and, as such, should be referenced as appropriate to
complete interface definition.

The GIS resides in the speci.tlcation tree as shown in Figure 1. GIS requirements can flow to the
components through the subsystem specifications just as the CEI requirements do. Some of the GIS
requirements are imposed on the subsystems via GIS references in the CEI. The subsystems then
flow these requirements down to the components. Other GIS requirements are cited fmt at the
subsystem specification level, and some are cited only at the component specification level.
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2 APPLICABLE AND REFERENCE DOCUMENTS

The following documents of the exact issue shown, forma part of this specification to the extent
specifkd herein.

2.1 Applicable Documents

2.1.1 Government Documents

2.1.1.1 NASA Documents

GSFC 731-0005-83B
November 1988

MSFC-SPEC-522B
November 1977

NHB 5300.4 (3A-1)
December 1976

NHB 5300.4 (3G)
April 1985

NHB 5300.4 (3H)
May 1984

NHB 5300.4 (31)
May 1984

NHB 5300.4 (3J)
April 1985

NHB 5300.4 (3K)
hnuary 1986

NHB 6000. lC
June 1976

2.1.1.2 Military Documents

MIIAIDBK-5E,
May 1989

MIL-HDBK-17B,
September 1977

General Fracture Control Plan for Payloads using the
Space Transportation System (ST’S)

Design Criteria for Controlling Stress Corrosion
Cracking

Requirements for Soldered Electrical Connections,
Change 1

Requirements for Interconnecting Cables, Harnesses,
and Wiring

Requirements for Crimping and Wm Wrap

Requirements for Printed Wiring Boards

Requirements for Conformal Coating and Staking of
Printed Wiring Boards and Electronic Assemblies

Requirements for Rigid Printed Wiring Boards and
Assemblies

Requirements for Packaging, Handling, and
Transportation for Aeronautical and Space Systems
Equipment, and Associated Components

Military Handbook, Metallic Materials and Elements
for Aerospace Vehicle Structures, Change 2

Military Handbook, Polymer Matrix Composites Vol. 1,
Change 1
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MIL-ST&129L Marking for Shipment and Sturage

15 October 1990

MIL-STD-810B Environmental Test Methods, 25 Jun 1967, with
Notice 221 September 1976 (11), Change 4

MIL-STD-889A Dissimilar Metals, 7 Jul 1976; Notice 1,22
November 1979

MIL-STD-1522A Standard General Requirements for Safe Design and
28 my 1984 Operation of l%essurized Missile and Space Systems

2.1.103 Other Government Documents

FED-STD-209 Clean Room and Work Station Requirements
Contrded Environment

2.102 Non-government Documents

2.1.2.1 Martin Marietta Astro Space Documents

PN20001412 Contamination Control Plan (SEP-107)
12 May 1992

PN20005869 EOS Observatory Electromagnetic Compatibility
15 Jan 93 (EMC) Control Plan (SEP-106)

PS20005404 Vetilcation Spectilcation (VRD-11O)
31 Dec92

20008648 EOS Program Approved Parts List (PA-325)

20008650 EOS Program Approved Materials and Processes
Selection List (PA-460)

S30009 Drawing Terms and Shop Run Tolerances

S32534 Standard for Identilcation Marking I
(Rev E)

20004013 Kinematic Mount Interface Drawing - Equipment m
Module

Source Martin Marietta Astro Space
P. O. BOX 800
Princeton, NJ 08543-0800

2.12.2 Other Documents

National Semiconductor,
400028

F1OOKECL Logic Databook and Design
Guide. 1990 Edition

DCC080593 4
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EIA RS-422-A
December 1978

Source:

=

Elecrncal Characteristics of Balanced Voltage Digital
Inttxface Circuits

Electronic Industries Association
Engineering Dept
2001 Eye Street
N.W. Washington, D.C. 20006

2.2 Reference Documents

The following documents are not referenced herein but are applicable to all or many of the
Spacecraft components. Applicability of the requirements in these documents to a given component
is defined in the respective subsystem and components specKlcations.

2.2.1 Government Documents

GSFC 421–10-01 ch-ol Requirements Document @D) for the EOS-AM
30 Oet 92 Spacecraft

GSFC 420-05-02B ch-01 Product Assurance Requirements for the EOS-AM
13 NOV 92 Spacecraft

GSFC 42&W-02 General Instrument Interface Specii3cation for the EOS
1 Dec 92 Observatory

WSMCR 127-1 Range Safety Requirements
15 December 1989

2.2.2 Martin Marietta Astro Space Documents

PS20005396 Contract End Item SpecKlcation (SEP-101)

PS20008598 EOS Electrical Power Conditioner Component
Performance Specification

20005400 Electromagnetic Compatibility (EMC) Design
Handbook for the EOS-AM Spacecraft 1

S30009, Rev A Drawing Terms and Shop Run Tolerances Interpretation

3267202 Initiator, Pyrotechnic

DCC080593
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3 ELECTRICAL INTERPACES

Component specflcation authors shall note exceptions to this specification in Section 6 of their
respective component spectiications.

3.1 Power

The electrical performance of the EPS is specifkd for either primary or secondary power users.
Requirements for primary user type interfaces are described in Section 3.1.1, l%mary Power
Interface Definition. Requtimentsforsecondaxy user type intefiaces are describedin Section 3.1.2,
Secondary Power Interface Definition.

3.1.1 Primary Power Interface Definition

Unless stated otherwise, all primary power interface requirements in this spectilcation apply to the
power as measured at the component input connectors within the equipment module or assembly.

[1] Components which require primary power and are intemallyfunctionally redundant shall accept
primary power delivered on a separate feed to each redundant side.

[2] Components which require primary power and are not internally functionally redundant shall
accept primary power delivered on a single feed.

3.1.1.1 Primary Voltage Range

The component shall operate within specification when supplied with regulated +120 volts (V)
*4% dc power.

3.1.1.2 Primary Power Source Impedance

[1] The Spacecraft primary power source impedance at the user interface shall be equivalent to a
series combination of resistance less than or equal to 0.8 ohms and an inductance of 2.5 @l (with
a resulting comer frequency of51 kHz) over the frequency range of dc to 150 kHz. I

3.1.1.3 User Power Input Impedance

The user’s prime power input filter shall present asymmetrical common mode and differential mode
impedance to the prime power bus.

3.1.1.3.1 User Common Mode Impedance

[1] The component common mode impedance (line or return to chassis) shall be >160 ohms at
frequencies from 100 kHz to 10 MHz. 9
[2] The component common mode impedance shall generally increase in magnitude as frequency
increases.

7
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3.1.10302 User Differential Mode Impedance

The component differential mode impedance (~~ between DC and 10 kHz shall be greater than
or a minimum impedance U where&is calculated using the following equation:

1.0

Zref (Q)

0.2

Znin=
2500 (T13R-1) B ~ ~f
P@”~(Max)

2 kHz 10 kHz

~- minimum allowed differential mode impedance
2% - difftmmtiat mode inmedance—..
Ptipu@fax)- maximum input power allocated to compcment in Watts; NUC
Pmputis never less than 4(IW.
&f- reference impedance cunfe I
“Peakpower does na include transients with a duraticm<20 milli-secmds

3.1.1.4 Primary Power ‘lhnsients

All components operating tim a primary power supply shall meet the operate and survive power
transient requirements of section 3.1.3.

3.1.1.5 Primary Power Steady-State Voltage Limits

Under abnofial conditions the component shall survive, without permanent degradation,
steady–state bus voltages (V) in the range:

0< V<132Vdc

3.1.1.6 Primary Power Application and Removal

Internally redundant components shall not suffer damage under
[1] simultaneous application of both primq power feeds,
[2] application of only one primary power feed, or
[3] removal of either or both primary power feeds.

3.1.1.7 Primary Power Fusing

The EPS shall provide fusing to protect the power system and Spacecmft harness from user faults.

DCC080593 8
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3.1.1.8 = Power Gnmdng, Isolation and Returns

PrimaryPower Grounding, Isolation and Returns shall be in accordance with the requirements of
3.2.1 and its subordinate paragraphs.

3.1.1.9 Primary Voltage Corona/Arcing Protection

Components powered by primary power during launch shall employ sufllcient protection (such as
potting or other insulation measures and proper spacing of electrodes) to preclude corona discharge
and arcing caused by partial pressurization inside the launch vehicle. (see para 6.3.9 and Figure 19
for dielectric breakdowm levels.)

3.1.1.10 Conducted Emissions

Components using primary power shall limit their conducted emissions as defined in the Equipment
Conducted Emissions section of the EMC Control Plan, PN20005869.

3.1.2 28 Volt Secondary Power Interface Definition

All secondary power m@.rements in this specifkation apply at the component input connectom
within the equipment module or assembly. These requirements apply to users of 28 Volt secondary
power supplied by the EPS.

[1] Components which require 28 Volt secondary power and are internally functionally redundant
shall accept secondary pwer delivered on a separate feed to each ~dundant side. [2] Components
which require 28 Volt secondary power and are not internally functionally redundant shall accept
secondary power delivered on a single feed.

3.102.1 Secondary Voltage Range

Components requiring secondary power shall operate within s~cification when supplied with
regulated +28.0 SYO Vdc power.

3.1.2.2 Secondary Power Soume Impedance

[1] The EAS shall ensure that the impedance of the secondag power source as measuxed at the user
interface for users whose cable length to the secondary power source is 10 feet or less is less than
0.4 ohms at dc increasing at a 750 @l slope up to 300 Hz, then 1.5 ohms from 300 Hz to 100 kHz,
then increasing at-a 0.7 @l slope tiom 100 kHz to 1MHz. (Users who occupy the same equipment I
mcdule as the power source may assume cable lengths of 10 feet or less)
[2] The EAS shall ensure that the impedance of the secondary power source as measured at the user
interface for users whose cable length to the secondary power source is between 10 feet and 40 feet
is less than 0.9 ohms at dc increasing at a 1000 @i slope from 300 Hz to 100 kHz, then increasing
at a 2.0 @l slope from 100 kHz to 1 MHz. I

3.12.3 Secondary Power Transients

Components powered by secondary power shall meet the operate and survive power transient
requirements of section 3.1.3.
Where component powered by secondary power has its own dedicated EPC the conducted
emissions.susceptibility performance may be qualifkd as a combined unit.

9 DCC080593
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3.12.4 Secondary Power SteadyAtate Voltage Limits

All components shall survive, without permanent degradation, a steady state input voltage between
0Vand35V.

3.12.5 Secondary Power Conducted Emissions

The peak-tqeak amplitude of steady-state load current ripple generated by the component shall
meet the Secondary Power Users Reflected Ripple and Noise limits identiiled in the Equipment EMI
Recpkments section of the EMC Control Plan, PN20005869.

3.13 ‘llansien~ Sinewav~ and Pulse Noise

These requirements are valid for both primary
otherwise.

3.103.1 Power tie l!l=adents and Noise

and secondary power supplies unless stated

The Spacecraft equipment shall meet the conductive susceptibility requhements specified in the
EMC Control Plan, PN20005869, Equipment Conducted Susceptibility section (the CSO1, CS02,
and CS06 m.quirements).

3.1.3.2 Reserved B

3.13.3 I%bU’y Power Current ~lents

The following requirements apply only to components using primary (120Vdc) Spacecraft power.

[1] Component cuxrent peaks associated with both tum~n inrush cwmmt and non-repetitive
operational cumnt transients shall not exceed 200% of the component steady-state peak power
current between 50 microseconds (psec) and 10 milliseconds (msec) after the start of the transient
and
[2] shall return to steady state within 10 msec from the time of the peak of the transient.
[3] The component shall limit current transient rate of change to -O milliamps (mA)@ec except
during fault conditions.
[4] The component shall limit turn-on iruush current transient rate of change to aO mWpsec.
[5] The comp(ment shall limit tumaff current transient rate of change to <50 mA/psec.

3.13*4 Reserved

3.1.4 Sneak Paths

[1] “Sneak Paths”, as defined below, between powered and unpowered components and
between powered and unpowered sections of a component shall be avoide4 if possible. A
sneak path is defined as an unintentional cument and voltage developed in an unpowered
circuit as a result of being connected to a powered cimuit. 1

DCC080593 10
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[2] Where a sneak path is unavoidable, no sneak path shall cause the unintended execution of
any Spacecraft function,*

[3] nor shall it inhibit the execution of any intended Spacecraft function.*

[4] The power supply shall supply su.fflcient power for the opxation of the on circuit in the
presence of sneak path(s) through off circuit(s).

XNote: men the G&SWK1~ RS-422 interface is implemented with the HS26CT31/32

driverheceiver pair, a driver in its on state can induce sneak path cuents between.2 mA
at 650 mV and 1.5mA at 50 mV per quad pack to a receiver in its off state. This is considered
acceptable and the component need not conduct a sneak path analysis for this case.

3.2 Grounds, Returns, and References

The grounding concept described herein is illustrated in Figure 2

The following terms are defined to facilitate specKlcation of the ground, return, reference and
bonding requirements which are specifkd starting with Section 3.2.1:.

Bond: A low-impedance electrical connection between wo conductive elements.

Chassis Reference: The point within any Spacecraft equipment at which signal reference and
secondary power return leads are referenced to the equipment chassis.

Fault Ground: A conductor intended to carry fault cments in the event that the 120 Vdc input is
short-circuited in the component.

Component Chas&: The metal enclosuxe which shields the component’s electronics.

Component Chassis Ground Terminal: External connection to the component’s chassis

reference.

Isolated Secondary Powe~ Secondary power whose loads axe completely isolated from the
component’s signal interface electronics.

Prime Power Reference: The point on the Spacecraft whe~ all primary power Etums are
referenced. The prime Power Reference is the reference point for Spacecraft voltage control.

Primary Power Return: The isolated 120 V current return lead from the primary power interface
back to the power source.

Secondary Power: Power which has been derived and isolated from primary power. Secondary
power is typically derived using a dc-ttic converter.

Secondary Power Reference: The point within any Spacecraft equipment where all current returns
from the secondary power (except isolated seconday power) circuits are referenced.

Signal Reference: The reference within the component for digital and analog signals.

Signal Reference Pkne: The designated conductive surface, distributed throughout the Spacecraf~
to which all references are connected.

11 DCC080593
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Signal Return: The wire which carries the cument of a digital or analog signal back to its source.

3.2.1 Power Leads and Returns

Each component primary power lead shall have a distinc~ separate, and isolated return. Power on
the primary feed shall be nmrned only on the primary return, andpoweron the redundant feed shall
be returned only on the redundant return.

3.2.1.1 Power Harnessing

The EAS shall route, and each component shall accep~ primary power return and fault conductor
in an electrically shielded harness with the primary power supply lead.

3.2.1.2 Isolation

Isolation requirements from primary power to chassis and pnmmy power to secondary power shall
be adhered to at each primary ~wer input.

3.2.1.2.1 Reserved B

3.2.1.2.2 120 V Primary Power Isolation

[1] The component shall ensure that the 120 V primary power leads and returns are each isolated
fkom signal and chassis refenmces by >l@ ohms (de) and 4.5 rnicrofamd when measured at the
component input.
[2] Circuits employing transient protection devices shall have a dc isolation horn chassis ground
greater than 0.2 megohms.
[3] The user shall maintain an isolation gnater than 100 kilohm de resistance and less than
0.5 rnicrofarads between redundant power feeds and bemeen the returns at the user power input.

3.2.1.2.3 Secondary Power Isolation

Secondary power shall be isolated from 120 Vdc primary power by >106 ohms (&) at the primary
power input.

3.2.1.2.4 EED Power Isolation

[1] Signal connections for EEDs shall be isolated horn chassis ground at the EED end by greater
than 2 megohm dc resistance.
[2] Firing signal conductors for EEDs at the EED end of the harness shall be isolated from chassis
ground at the drive end by between 10 kilohms and 2 megohms dc resistance.

3.2.1.3 Power Reference

3.2.1.3.1 Prime Power Refenmce

The EPS shall reference 120 Vdc powerretums to the Signal Reference Plane only at the Spacecraft
Prime Power Refenmce point.
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3.2.13.2 Secondary Power Return

Components shall provide a current return lead from each component part which utilizes secondary
power.

3.2.1.33 Secondary Power Referxmce

The component shall bond the Secondary Power Return to a chassis reference.
Secondary power returns to the EPS can be referenced at the component chassis reference or at the
power source chassis refemmce. (Preference is for power source chassis reference.)

3.2.1.3.4 Isolated Secondary Power Referencing

If isolated secondary power is used within the component, then isolated nmums shall be connected
to chassis reference through a resistance selected by the component

3.2.2 Signal Leads and Returns

Signal leads and their c~sponding returns shall be routed together and shall be placed in the same
comector along with their corresponding shields.

3.2.2.1 Relay Drive Command Leads

[1] The component shall use a separate conductor for the return of current in relay coils.
[2] Relay coils shall not be referenced to the equipment module chassis ground connection.
[3] The signal and return comections for relay drive commands shall be isolated from chassis at the
relay coil end by greater than 1 megohm dc resistance and less than 0.01 microfarad capacitance.
[4] The components and the harness shall each maintain this primary and return isolation.
[5] The return connection for relay drive commands shall bereferencd to chassis at the driver end 1
[6] When multiple relay driver leads are routed to the components, the component shall provide one
return lead per eight feed leads with a minimum of two ~tum leads per connector.

3.2.2.2 Deferential Signal Isolation

The component shall isolate differential receiver signal leads from component chassis reference by I
>3 kilohms and <0.01 microfarad. This applies to both digital and analog active circuits.

3.22.3 Signal Reference Constraints

[1] The component shall be designed such that the Secondary Power Refe~nce and the signal
reference for Spacecraft interface circuits are electrically the same point.
[2] Neither signal nor chassis reference points shall be used as power conductors.

3.23 Component Grounding

3.23.1 Component Ground Location

The component shall provide a designated chassis ground terminal on each componen~ as close to
the component mounting surface as possible.
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3.2.3.2 Component Ground Connection

The EAS shall electrically bond the chassis ground terminal of each component to the equipment
module chassis, panel chassis, or signal refenmce plane.

3.23.3 Component Chassis Reference

[1] Each component chassis shall be bonded to the equipment module’s chassis by less than
2.5 mQ dc resistance.
[2] Components with vibration, thermal, or other isolation requirements between the equipment
mcdule and component chassis shall use a bonding strap to provide an electrical bond of less than
2.5 mS2dc resistance.

3.2.3.4 Component Internal Grounding

[1] Electronic circuitry shall be packaged in an enclosure which shall have one point designated
internally to be the chassis reference point.
[2] The chassis reference point shall be located on the part of the enclosure where the chassis is
bonded to the equipment module structure.
[3] Each of these types of signal shall use a separate wire to reference its circuits to the chassis
reference point. These circuits include but are not limited to the following types:

a. Analog circuits

b. Digital circuits

c. Relay Drive (as specifkd by 3.2.2.1 [3])

d. Isolated Power (as specified by 3.2.1.3.4)

3.2.3.5 Component Bonding Straps

Where direct contact is not possible between surfaces an~or movable metal-t-metal joints are
present, bonding straps shall be used.

3.22.6 Connector Grounding

The component shall electrically bond all component interface connectom to the component chassis
in accordance with the Connector and Shield Bonding requirements in the Spacecraft Equipment
EMC portion of the EMC Control Plan, PN20005869. I

3.2.3.7 Chassis Reference Current

[1] Components shall not use their chassis reference to conduct power and signal currents under
non–fault conditions.

[2] Components shall not use equipment module chassis ground to conduct power and signal
currents under normal operating conditions.
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333.8 Harness Shield Grounding

Chassis shall be used as the shield reference for the outer shield of triaxial, coaxial, and twinaxial
cables which interface with the component.

3.2>.9 RF Component Grounds

[1] ForRF components mounted within an equipment module or a panel, the component RF signal
and chassis ground connection to the equipment module or panel chassis ground shall be made

through the mounting surfaces and mounting hardware of the component.

[2] For RF components mounted on the Spacecraft core assembly, the chassis ground shall be
comected directly to the SRP or PPR.

3.2.4 Equipment Module Chassis Ground

[1] Each equipment module chassis shall have a ground point bonded to the SRP with less than
2.5 milliohms dc resistance. i

[2] Each equipment module panel-t-panel interface shall be bonded together with less than
2.5 rnilliohms dc resistance.

3.25 Fault Ground

3.2.5.1 Component Fault Ground Requirements

3.2.5.1.1 Component Fault Ground Connection

[1] The component shrdl provide a designated fault ground contact at each prime power input
connector.
[2] Each component which distributes 120 volt power to other spacecraft bus components shall
provide a contact in the power output connector for a fault ground wire from each component to
which it distributes power.

[3] The component shall then connect the above fault ground contact to the component chassis
reference.

3.2.5.13 Component Fault Ground Routing

The component shall route a fault ground wire with each prime power lead to each part within the
component which uses prime power.

3.23.13 Component Fault Ground Wke Grounding

The component shall connect the fault ground wire to chassis at the prime power input for that
component.
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3.2.5.2 Equipment Module Fault Grwunds

3.2.5.2.1 Local Fault Ground

[1] The equipment module chassis reference point shall be the local fault ground and fault ground
wires (green wires) shall be routed from this point to every component which utilizes primary power.
[2] Each component ~qui.ring a fault ground shall have a separate conductor bonded to the
equipment module chassis reference poin~
[3] The fault ground whe shall be routed with the prime power interconnection leads.

3.2.S.3 Fault Ground Requirements

3.2.5.3.1 Fault Ground Routing

The EAS shall route a fault ground wire with each prime power feed and return.

3.2.5.3.2 Fault Ground Wire Connection to Primary Power Reference

The EAS shall ensure that each component fault ground wire is referenced to the Primary Power
Reference.

3.2.6 Component Referencing to Signal Reference Plane

The EAS shall ensure that each component’s chassis reference is referenced to the Signal Reference
Plane

3.3

3.3.1

(sItP).

Standard Signal Interfaces

Telemetry Availability

[1] All component telemetry shall be available for sampling at least once per master cycle
(65.536 see).
[2] Component temperature telemetry shall be available for sampling once per master cycle unless
the expected rate of change is faster than once per master cycle. (No temperature telemetry in the
Health and Safety (1 Kbps) stream will be sampled mom than once per master cycle.)
[3] Component telemetry used to verify proper response to a command shall be available for
sampling at least once every 8 major cycles (1 major cycle = 1.024 see) in the Housekeeping
(16 Kbps) stream.
[4] Component telemetry used to verify proper response to commands associated with spacecraft
and HGA pointing shall be available for sampling at least once every 8 major cycles in the Health
and Safety stream.

3.3.2 Standard Interface Circuits

3.3.2.1 AppIicabiIity

Standardcircuits contained within this section shall be used for all electrical signal interfaces.
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30322 Digital Circuit Usage

[l]Digital interface circuits shall be used for point-to-point logic level discretes, serial &ta
interfaces, and clocks.
[2] Where more than one standard interface circuit is othenvise acceptable, the one with lowest
avemge power consumption shall be used

30323 Component Internal Redundancy

Components with functionally redundant parts, such as line drivers or receivers, shall physically
separate these parts such that afaihm of the primary function shall not affect the redundant function.

33.2.4 Hysteresis

For digital clock interfaces, or other interfaces which may operate incorrectly due to noise generated
during signal transitions, the receiver circuit shall be designed with hysteresis to prevent multiple
false outputs arising from any given input signal transition.

3.32.5 Short-Circuit Protection

All interface driver circuits shall tolerate a short-circuit to ground for an indefinite duration, without
sustaining damage or degradation in petiormance.

332.6 Input Protection

[1] All interface receiver circuits shall be designed to prevent indeterminate behavior in the event
of an input open circuit.
[2] Any input bias shall be in the direction most likely to be “fail-safe” tim a systems standpoint.

3.3.2.7 Signal Polarity

[1] Unless otherwise specifkd, a single+mded digital voltage-level interface signal, at or close to
zero V shall be designated ”low,”” false,’’~’off~or’’data zero,” while a signal at a signi.tlcant positive
voltage (typically +5 V) shall be designated “high,’’,’’true,”“on,” or “data one.”
[2] These definitions shall apply to relay orsolenoiddrive interfaces where the driven coil isretumed
to ground level.
[3] Such relays shall bepulsedto an “on” state in accordance with para3.3.2.9.l [4] and then returned
to an “off’ ground state.
[4] Relays which interface with the C&DH subsystem shall employ the above convention.

3.32.8 Standard Digital Interfaces

3.3.2.8.1 R!&422

[1] Digital interfaces using frequencies between Oand 4 MHz shall be compliant with EIARS-422
[2] and shall use the interface circuit shown in Figure 3.
[3] The interface shall use series terminating resistors of 200 ohms at the driving end in circuits
which cross-strap drivers to receivers. I
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SENDINGUNfT RECEIVINGUNIT

Load
Driver

RS

●Shield can be used for more than one twisted pair. Rs =200 ObIns~

NOTES:Cable characteristic impedance (ZO)= 100 ohms
TWistedpair= TP -
Proposed RS422 Driver=26(3’31 or26C31 (Harris) or equivalent
Proposed RS422 Receiver=26CI’31 or 26C32 (Harris) or equivalent
RS-422 Driver output impedatm (RO)= 15 oiumlypical I
RS422 Interfaces will be sent in a wrapped bundle
with a single shield.

ATChassis Ground

Figure 3. RS422 Standard Interface Circuit
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3.3.2.8.2 Emitter Coupled Logic (ECL) Interfaces

[1] Where interface frequencies exceed the capability of RS-422 interface circuits, ECL interfaces
shall be used in accordance with the F1OOK ECL logic Databook and Design Guide, National
Semiconductor 400028.
[2] ECL interfaces shall use a 100$2 twinaxial cable for component Interfaces.
[3) The signal characteristics shall be as shown in Table I.
[4] ECL interfaces shall use the ECL circuit shown in Figure 4.

[5] The receiver circuit shall present a 100Q H% load at its interface. I

Sending Unit Receiving Unit

lTL-to-ECL
Conversion
(Optlonsl) Diflerantisl ‘f’

Line Driver

Data

Common
Enable

100324 1003OZ 4
100251, 4.SV

or equivalent

r+

Twinsx
(Gora CXN 22S8)

Dlffermtial ECL+o-lTL
Reoeiver Conversion

(optional)

---- .

1 100314 --1OW2S

Ssoodttetd terminated
to chassisstesohoonnsotor

111

/+7Chassis Ground NC: Not Connected f% =261 *l% Ohms

+

Note 1: V~ is part Of 100225. Rt =100 *1% Ohms

Logic Ground & = 6s Ohns?(suggested)
~ = 231 Owtla (suggested)

Figure 4. ECL Interface Circuit
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lhble I. ECL Intefice Characteristics

characteristic IProperty/Value
#

Waveform 1Clock Square Wave
All other ;ignals: NRZ-L

Receiver common Mode Voltage (VCM) -2.5 Volts c- VCM c- -0.5 Vc)lts

Rise Time 3.5 Nanoseconds maximum
(20 to 80%)

Fall Time 3.5 Nanoseconds maximum
(80 to 20%)

Load ECL Line Receiver plus 10 feet max of cable.

Minimum Receiver Voltage 0.3 VD

Minimum Driver Voltage 0.6 VD

3.32.9 Relay Drivers

Relay driver interface circuits shall be as shown in Figure 5.

3.32.9.1 Relay Driver Interface Characteristics

[1] When active, the driver circuit output voltage shall be +27 H Vdc while driving a load at any
cument between 2 and 360 milliamps.
[2] Therelaydrivershall bean open circuit with a maximum leakage current of 100microamps when
relay driver is in an off state.
[3] Theactivelevel shallbemaintainedfor45 S ms,exclusiveofrise artdfalltimes, when measured 1
at amplitudes >25V.
[4] The rise time between +1 and +25 Vdc shall be 1.0 i.5 milliseconds.
[5] The fall time between +25 and +1 Vdc shall be no less than 0.5 milliseconds. I
[6] The relay driver shall include overcurrcnt protection to terminate the command if the load current
exceeds 425 A 15 milliamps.
[7]Relay Drivers used tosendcommandsshal lbecapable of sending up to 10commandspersecond. ~

3.3.2.9.2 Transient Suppression

Relay coils shall be shunted (e.g. by series redundant suppression diodes) so that the
inductively-induced voltage on the interface line at the on-t~ff transition does not exceed the coil
return voltage by more than 2.0 V. 9

3.3.2.10 Analog Telemetry Interface

[1] Analog telemetry interfaces will sense voltage levels between O and 5 V dc with 8 bits of
resolution.
[2] The accuracy of the sample will be +1.0% of full scale (+5V) W.5 LSB.
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BDU

BDU SIDE 1————————.——

BDU SIDE 2

——

r

——-

PITP**

Side A._— —_—— ———

Side B

USER

----- ----- ----- -,

-, I
.

.

‘! --- .-.4 ---- ---J

USER 1————————————

USER 2

,----- ------ ---7

i-

1---- ---1- ---- --,

* Redundantdriverson a BDU shalleachbe
I&ated in a separate IC package.

“*Shield can be used for more than one twisted pair.

Nue Relay I/l% will be sent in a wrappd
bundle with a single shield.

Figure 5. Relay Driver Standard Interface Circuit
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3.%2.1O.1 Passive Analog Interfaces

[1] Passive analog telemetry interfaces shall be driven with a sense current of 1.0 mA H.5%,
[2] and shall sense voltage levels between O and 5 Vdc.
[3JPassive analog interface circuits shall be as shown in Figwe 6.
[4] The components and the harness shall each maintain primary and return isolation.

3.3.2.10.2 Active Analog Interfaces

[1] Components using active analog teleme~ interfaces shall provide a signal plus a dedicated
reference at the interface.
[2] Input impedance shall be ~ater than 1 megohm de resistance when the signal is sampled and
when the signal is not sampled.

[3] The component voltages shall not range beyond *16 Vdc. (Any voltage in excess of 5 Vdc at
the BDU interface will be reported as 5 Vdc in the telemetry stream.)

[4] Operational component differential voltages on the output lines shall be in the range of O to
+5 Vdc.

[5] The signal reference voltage range shall be-1 to +1 Vdc with respect to the SRP at the BDU
interface.
[6]Act.ive analog interface circuits shall be as shown in Figure 7.

3.34! .11 Active and Passive Bi-level Interkces

The requirements below apply to hi-level interfaces at which the component both accepts
commands from and delivers telemetry to the Spacecraft Bus C&DH subsystem.

3.3.2.11.1 Passive Bi-level Interfaces

[1] The circuit “on” voltage shall be between+3 and 10 Vdc.
[2] The circuit “off’ voltage shall be between Oand 0.5 Vdc.
[3] The component portion of the interface shall accept a total input cument up to 1.0 mA.
[4] The load capacitance at the BDU interface shall be less than 1.8 nanofarads.
[5] The component shall tolerate overvoltages in the mnge of -1 to 14 Vdc.
[6] Passive bi-level interface circuits shall be as shown in Figure 8.
[7] The components and the harness shaJl each internally maintain primary and return isolation.

3.3.2.11.2 Active Bi-level Interfaces

[1] Components using active analog telemetry interfaces shall provide a signal plus a dedicated

I

I

reference at the interface. I
[2] The circuit “on” differential voltage shall be between+3 and 10 Vdc.
[3] The circuit “off differential voltage shall be between Oand 0.5 Vdc.
[4] Input impedance shall beat least 1 megohm dc resistance when the signal is and is not sampled.
[5] Component voltages on the output lines shall be in the range of *16 Vdc.
[6] The signal reference voltage range shall be 1 to +1 Vdc with nqect to the SRP at the BDU I
interface.
[7] Active hi-level interface circuits shall be as shown in Figure 9.
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BDUUSER

1

(e.g.
Thermistor)

r

I
MUX

— MUX ‘ +~

AMP
To

A/D

=77 ‘Ux-
BDU SIDE 1

--------------------- -.

1 mA Source
BDU SIDE 2

I
F MUX

— MUX +

AMP

I
MUX -

Nae Passive Analog I/l% will be sent in a
wrapped bundle with a single shield.

●*Shield can be used for more than me twisted pair.

To

AID

Figure 6. Standard Passive Analog Interfhce Cimuit
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BDU

Analog soufoe

F

+

— MUX +

To
AMP —

A/D

— MUX ‘ ‘-

!-- !BDU SIDE 1
. —-—- ---- ---—- -

BDU SIDE 2

MUX L +

To
AMP —

ND

MUX “-

Nae: Active Analog I/I%will be sent in a
wrapped bundle with a single shield.

●“Shield can be used for more than me twisttx! pair.

I@ure 7. Standard Active Analog Interface Circuit
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USER*

..-

I

Relay
Drive
Oommand

1 mA Source
I

I
I 1

r-twll
I MUX + I

I I I I

AMP “ J

1,
MUX ‘-

Comparator

I

I I Q

BDU SIDE 1
.-- —- -- —-- —---- -------

1 mA Source BDU SIDE2

I
MUX

MUX +

AMP

*

*

Comparator

● Example desgn

Nae: Passive Bi-Level Vi%will be sent in
a wrapped bundle with a single shield.

●*Shield can be used for more than cne twisted pair.

Figure 8. Standard Passive Bi-Level Telemet~ Intefice Circuit
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USER BDU

Bi-Level
source

$=

+

,-

.

.
BDU SIDE 1

---------------------
BDU SIDE 2II

L MUX

MUX
+1

Nae: Active Bi-Level I/I%will be sent in
a wrapped bundle with a single shield.

●“Shield can be used for more than cmetwisted pair.

Figure 9. Standard Active Bi-Level Telemetry Interface Circuit
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3.33 Point+Point Command and Telemetry Serial I/O Interfaces

The interfaces specified in this section are used for data transfers between two distinct components
(i.e., use no data bus). They provide for sequential transmission of messages containing multiple
digital data bits.

[1] All I/O intetiaces shall use RS-422 interface circuits, as speeified in Section 3.3.2.8.1, except
as otherwise specifkd herein.
[2] Each interface shall be capable of handling data transfers to and from the component but not both
simultaneously.
[3] The selection of transfer direction, and the initiation of all transfem shall be under BDU control.
Ifbidireetional transmission is not required by a speciilc interfaced device (user), the intetiace may
be used unid.imctionally.

3.33.1 Interfhce Lines

Interface lines will be used for the following 6 signal-intetiace lines: CMD_Enable-N,
TLM_Enable-N, TLM_Sync-N, Clock, and CMD_Data lines (driven by the BDU), and the
TLM_Data line (driven by the user), as shown in Figure 10.

[1] The di.fYennxiallogic defined in Figure 11 shall be used.
[2] The user’s receiver circuits shall be configured as in Figure 12 for CMD_Enabl~N,
TLM_Enabl&N, TLM_Sync-N, Clock and CMD_Data lines.

The TLM_Data receivers in the BDU will ems-strap line drivers from the user as in Figure 13.

3.33.2 Input (Comman d) Protocol and Timing

[1] Upon receipt of the CMD_Enable-Nffom the BDU the user shall accept a 16-bit command data
word transfer.
[2] The component shall sample serial command data which is provided by the BDU to the user
interface on the rising edge of the 250 kHz Clock signal.
[3] The timing of the serial command intetiace signals shall comply with that shown in Figure 14
as measured horn the user’s side of the interface.

3.303.3 Output (Telemetry) Pmtoeol and Thning

[1] Upon meeipt of the TLM_Enable-N from the BDU the user shall transmit an 8-bit telemetry
data transfer.
[2] Serial telemetry data shall be shifted out by the user on the falliig edge of the 250 kHz Clock
signal from the BDU$
[3] and be shifted into the BDU on the rising edge of the Clock.
(The TLM_Sync-N signal (user optional) is available to reset user’s subcommutated telemetry
streams, such that the next 8-bit telemetry word received from the user would be word 1of the user’s
subcomrnutated telemetry stream.)
[4] The TLM_Sync-N pulse shall normally be a logic 1, but shall pulse to a logic Ofor 8.0 psec
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BDU

TLM ENABLE-N

CMD ENABLE-N
4

CLK t

CMD Data 4

TLM DATA

TLM_SYNC-N
4

TLM ENABLWN
4

CMD ENABLILN I

CLK (

CMD Data

TLM DATA

TLM SYNC-N

Component

Primary

(User A)
--------

(User B)

Redundant

F@re 10. Synchronous I/O Interface
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TR4NSMITI’ERS

BDU IHN’E
(NoNmvEmED D~ OUTPUT’)

@WERXEDD~ OWIIWT)

I

RECEIVERS

NOTE “a”refm tothesignalatthedriverunit
I

“a’”referstotbesignalattheend of the
mnnectingcableat the receivingunit

I

SIXI’E DEFINITIONS

I INVEKI’ED DIFFERENTIAL
LINE“b”REFERENCETo
BDUCHASSISGROUND

NONINVEK135DDIFFERENTIAL
LINE “a” REFERENCE TO
BDU CHASSIS GROUND

Figure 11. Differential Signal Conventions
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I-W!3’I

RS II
BDUSIDE 1.— — —— —.
BDUSIDE2 i

dRS

D&$#

RS
—

_—

RS

I

J 1-
ITJ

Side A.— —— —-
Side B

USER

=b

USER 1
.—— —— ——

USER 2

c

TP

NOTES: Cable characteristic impedance (Z@ = 100 ohms
Twisted shielded pair - ‘IT
Frcpc6ed RS-422 Driver = HS-26C31MS or HS-26C’T3 lMS or equivalent1Proposed RS422 Receiver - HS-26C32MS or HS-26~32MS or equivale
RS422 Driver output impedanee (RO)-10 ohms maximum
RS-422 Receiver input impedance (FUN)= 4K ohms minimum
RS = 200 OhmS
RS422 Interfaces will be sent in a wmpped bundle
with a single shield.
* Redundant drivers on each BDU side shall be located in separate
Ic packages.

T-L
Chassis Ground

Figure 12. BDU to User (W-422)
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USER BDU

---12=3
RS

Dii%iA

USER 1—— —— —— —.
USER 2

LOAD
DIUVER B

=
RS

HI
J 1-
TP

Side A—— —— —.
Side B

!)+!
‘m

.—

l&!%#x*

c

REDEDT

BDU SIDE1—— —— —
BDUSIDE2

TtTTO SRPvia EM *

NOTES:Cable chametenstic unpedanee (20)= 100 ohms
Tksted sluelded w- TP

!Proposed RS42 Drtver = HS-26C31MS or HS-26CI’31MS or equivalent
Proposed RS+22 Recenwr = HS-26C32MS or HS-26(X32MS or equivalent
RS422 Driver output mtpedanee (RO)= 10 ohms maximum
RS422 Receiver input impedance (RIN) = 4K ohms minimum I
RS=200 ohms
RS422 Interfaces will be sent in a wmpped bundle
with a sutgle slueld.

● Redundant drivers on each BDU side shall be located in separate
IC packages.

T-LChassis Ground

Figure 13. User to BDU (RS-422)
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Figure 14. Serial Thning and Control IJne State

Figure 14.
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QOO nanosecond when active.

[5] The titig of the se~ telemetry interface signals shall comply with that shown in Figure 14
as measured from the user’s side of the interface.
[6] The rising edge of any ‘IZhl_Sync-N signal sent to the user shall occur a minimum of 10 usec
prior to the falling edge of TLM_Enable-N.

3.3.3.4 Initialization

All componentsintetiaced to a serialBDU I/O interfaceshallautonomouslyresetall serial interface
signals generatedby thatcomponentto a high state, on detection of component power tum+m.

3.3.4 Point-t&Point Comman d Interfaces

3.3.4.1 Toggle Commands Ban

[1] Spacecraft Bus commands shall each have only one implementation.
[2] The function initiated by any commmd shall not vary as a function of the existing state of the
Spacecraft equipment executing the command (i.e., no “toggle” commands).
[3] The fimction initiated shall not vary as a function of the existing operating mode. I
3.3.4.2 Point-to-Point Logic Level Command Lines

[1] These shall be individualRS422 signal lines which shall be in a high state underunchanging
voltage conditions, and following component power turn+m. m
[2] When appropriatelycomrnan@ the BDU shall drive the line to its low statq
[3] shall allow it to remain therefor a durationof 100 psed 10 psec
[4] then shall drive the line back to its high state.

3.4 Eleetroexplosive (ICED)Devices

3.4.1 Maximum Simultaneous Fkings

The component shall require no more than four simultaneous EED ftigs,

3.4.2 EED Initiators

All applications using EEDs shall use EED devices listed in the Program Approved Parts List,
20008648. I

3.5 Test Points

3.5.1 Test Point Interfaces

A component may elect to use test points during component level testing to provide external access
to internal component circuitry via GSE. Such access may be used to support component

troubleshooting or other such activities requking monitoring that is not necessarily available
through flight interfaces.
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Potential unique uses of test points could inclu&:

a.

b.

c.

d.

Monitoring of dedicated test senscn%(e.g., accelerometers, temperature sensors) to
monitor local test environments to confirm system models,

Fuse integrity checking to verify fuse states of embedded fuses, microprocessor
debugging,

Access to interior points to achieve analog monitoring during troubleshooting of
intermittent faults, or

Injection of signals to simulate sensor inputs in the event a sensor cannot otherwise be
tested through its operational range. (e.g., for IRU testing).

Use of component test points shall meet the following geneml requirements.

3.5.1.1 Integration and Test Use

Test points shall not be used during Spacecraft integration and test assuming Spacecraft integmtion
commences following delivery of the component to the Spacecraft integration and test sight and
successful completion of the component level tests.

3.5.1.2 Performance Verification Limitation

To the extent possible, component &ta collected to verify acceptance or qutilcation of component
performance requirements shall be acquimxi through flight interfaces and not through test point
interfaces.

3.5.1.3 Keyed Connectors

[1] All test points shall be brought out to a separate, keyed connector(s) (keyed by color)
[2] which shall be accessible without requiring the removal of any Spacecraft equipment when the
component is installed in its parent assembly.
[3] Separate test connectors shall be used to seg~gate classes of signals defined in paragraph 3.6.7.
[4] When not in use and prior to launch, the test point connectors shall be protected with flight
qua.lfled covers.

3.5.1.4 Power and Load Isolation

[1] The component shall not be powered through test point interface cimuitry, including connection
to external GSE.
[2] The use of the test point shall not aflect the ability of the component to meet its performance
requirements.

3.5.1.5 Measurement Accuracy

The measurement accumy required by test point interface circuitry shall be attainable using
available test equipment.
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3.5.1.6 Failure Propagation

Test point inttxface circuitry shall not propagate faihms to component flight circuitry. This includes
cnxiible failures in GSE connected externally to the test point interface connectors.

3.5.1.7 Short-Circuit Isolation

The component shall operate within spec~lcation in the event any test point is shorted to the power
bus, ground, or another test point.

3.5.1.8 Grounding Integrity

Test point intexface circuitxy shall not compromise component grounding xequixements.

3.5.1.9 EMUEMC

[1] The test point interface shall meet the Signal Interface Grounding, Reference, and Isolation ~
requirements specifkd in the Spacecraft System EMC Requirements section of the EMC Control
Plan, PN20005869.
[2] Test connectors shall meet the Connector and Shield Bonding requirements specifkd in the
Spacecraft System EMC Requirements section of the EMC Control Plan, PN20005869. I
3.502 Test Point Interfkce Documentation

Test point interfaces, functions and GSE interconnection shall be documented in the component
specification, test plan, and test procedures.

3.6 Connectors and Contact Allocations

3.6.1 Connector Mounting Surface

Components within Equipment Modules shall mount their connectors to the surface of the
component opposite the mounting suxface.

3.6.2 Allowable Connector ~pes

Connectors used on components shall be selected from the Program Approved Parts List (PAPL).
A subset of the Connectors which are pmfemd for use on the EOS Spacecraft is provided in Table II.

3.6.3 Connector Shell Grounding

AU component-mounted connector shells shall be bonded to chassis ground in accordance with
3.2.3.6 herein. m

Table II. Preferred Connector Types
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Connector Procurement
Signal Type Description Document Comments

Power Circular,Receptacle,Box AstmSpace20034844 MIL-C-38999SeriesII- select
MountingFlange, (similarto shetlsizeappropriatefor
crimpType, MS27508EXXFXXP) interface,usesize20or22 I
BayonetCoupling contacts

Cimdar,Plug, AstroSpace20038047
crimp~, (similarto
BayonetCouplittg MS27484~)

Command& Circular,Receptacle,Box A.SWO space 20034844 MUX-38999 SeriesII- select
Telemetry MountingFlange, (similarto shellsizeappropriatefor

CTimpType, MS27508EDXXXS) imerfaee,usesize22contacts ~
BayonetCoupling
Circukr,Plug, AstmSpace20038047
crimpType, (Similarto
BayonetCoupling MS27484TXXFXXP)

Rectangular,Receptacle, (’I’’BD-l)(SimilartoGSFC
crimpType, S311P409-XS-B-12)
StandardDensity

Rectangular, (TB&l) (Similarto GSFC
Plug, S311P40%XF-B-12)
crimplype,
standardDensity

High-Rate Receptacle,SMA GmeR52m R42 Semi-rigid,flex cr other
ScienceData ccmialcable
mdRF

Plug,SMA,Straight GmeS01 MateswithGoreG20rG3
CoaxialCable

3.6.4 Spacing Between Connectors

[1] For circular connectors, at least 3/4 inch between the harness plug shells shall be provided for
fingers or mating tools.
[2] Rectangular connectors shall have at least 3/4 inch clearance at the end of the body of the
connector as shown below.

1<2‘2 ‘2 ‘2 “314” 314- 3t4” 3/4- 3/4” I
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3.6.S Connector Keying and Identification

[1] Connector location and orientation shall be defined on the component Interface Control
Drawing.
[2] Where more than one connector is used on any face of a component, they shall be of different
size or be uniquely keyed physically to pxevent improper connections. Unique keying includes
different shell key polarizing, different mating contacts, different shell connectors or different color
coding.
[3] All connectors shall be marked with the connector designation.

3.6.6 Contact/Socket Usage

[1] Pin contacts shaU be used for component input power comections. It is preferred that pin
contacts also be used for component input signal connections.
[2] Socket contacts shall be used for output power connections. It is preferred that socket contacts
also be used for component output signal connections.

3.6.7 Signal Category Segregation

[1] Components shall supply a separate connector for each of the following signal types which it
uses:

a. Primaxy Power (120Vdc)

b. Secondaxy Power (28Vdc)

c. 1553 Bus

d. Time Mark and Frequency Bus

e. Command and Telemehy

[2] Relay drive commands shzdl not be on the same connector as telemeoy and logic-level I
commands unless a cross-talk analysis is performed to demonstrate operational immunity from
relay drive generated signals.

3.6.8 Redundant Signal Segregation

Functionally redundant signals (e.g., primary command, telemetry, or power vs. redundant
command, telemetry, or power) shall be placed on sep~ate connectors. Redundant contacts used
to carry the same signal need not be placed on separate connectors.

3.6.9 Contact Allocation

[1] To facilitate the computer preparation of the Spacecraft harness wire connection list, each
component’s interface control documents (ICDS) shall include a complete list of all inputs and
outputs which includes the associated wire gauge and contact size. [2] Each contact shall also be 1
identifkxi by the signal category defined in the Wtig Design section of the Spacecraft SystemEMC
Requirements part of the EMC Control Plan, PN20005869.
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3.6.9.1 Power and Grounds

[1] Primary power and its return shall be assigned to adjacent contacts to facilitate twisted pair
harnessing employed to reduce EMI.
[2] secondary power and its return shall also be assigned to adjacent contacts.
[3] At least two separate feed wires and contacts and the same number of return wires and contacts
shall be provided for power feeds.
[4] The number of power contacts provided by a component shall be chosen such that, with any one
contact failed open, the maximum cument through any remaining contact does not exceed the
derated current capacity of the contact.

3.6.9.2 Relay Drive Command Contacts

The command Eturn contact shall be assigmedto a contact adjacent to the relay drive signal contact
except where multiple nAays are bussed on the same return. In this case the relay drive signal
contacts shall be assigned adjacent locations as near as possible to the bussed return contact.

3.6.9.3 Chassis Ground Contact

Pin 1 of the power input connector to the component shall be assigned to chassis ground.

3.6.9.4 Shield Ground Contact

When a shield is required to be routed through a connector, the contact assigned to the shield shall
be adjacent to the signal contact. I

3.6.9.5 Signal Return Contact

The component shall supply at least one signal return contact for each signal type used from the 9
following list:

a. Relay

b. Bi–level and Analog

c. Logic-level and Serial Commands

3.6.9.6 Spare Contacts

Where practical, a minimum of 10% spare contacts shall be provided in the design allocation of
signals to connector contacts per connector.

3.6.10 Connector Caps

Caps shall be provided to protect the comector from damage while not mated.

3.7 Workmanship

The design requkments
implemented.

found throughout the documents NHB 5300.4 (3A, G-K) shall be
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4 MECHANICAL INTERFACES

Component spec~lcation authors shall note exceptions to this specfilcation in Section 6 of their
respective component specifications.

4.1 Coordinate Systems

A right-hand, orthogonal, body-freed reference coordinate system shall be used for the Spacecraft
and its components as shown in Figure 15. During normal science mode operations the Z-axis shall
pass through the center of the earth, with +Z being nadir (toward the earth) and normal to the
instrument mounting stuface. The Y-axis shall be nominally along the orbit normal, with +Y toward
the cold side. The X-axis shall be normal to the Spacecraft separation plane with +X in the general
direction of the Spacecraft velocity vector.

The Spacecraft origin is located at the geometric center of the Primary Structure Bulkhead #1, the
bulkhead to which the PM baseplate attaches.

4.2 Component Physical Characteristics

All physical characteristics covered in this section will be established and mcordedin the component
Interface Control Drawing (ICD).

4.2.1 Component Size

The component shall not exceed a +0.060 inch (0.15 cm) tolerance for any dimension defined in the
component Interface Control Drawing.

4.2.2 Reserved

4.2.3 Reserved

4.2.4 Reserved

4.2.5 Component Uncompensated Momentum

Uncompensated momentum for components with constant-speed rotating parts shall not exceed
0.5 N-m–see per axis. Other torques or forces imparted on the Spacecraft by components or major
assemblies shall be documented in the component or major assembly spcci.flcations.

4.3 Design and Construction

4.3.1 General

[1] Where practical and cost effective, component designers shall:
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a. Avoid projecting parts which could be easily damaged during handling.

b. Design equipment to stand by itself in a stable manner. I

c. Avoid designs in which components or parts may be inadvertently reversed or
misaligned during an installation or insertion.

d. Design equipment to require only standard tools for mounting or adjustment. I

e. Use standard parts and hardware to largest extent possible.

f. Minimize the need for adjustment, alignment, and calibration.

[2] Locate connectors as described in paragraph 3.6.1.
[3] Components of identical orsirnilarform which have different fictional characteristics shall be
readily identifiable and distinguishable through marking or other me~s. .

4.3.2 Identification and Marking

4.3.2.1 General

[1] All flight equipment shall be marked for identtilcation in accordance with Martin Marietta Astro
Space (Astro Space) standard for Identilcation Marking, S32534, class 7a. (REV E) and I
[2] All equipment for shipping and handling purposes must be in compliance with MKL-STD129,
Marking for Shipment and Storage. (Note: Irma-building transport does not qual@ as mipp~g
for purposes of adherence to-MIIATD-129)
[3] and NHB 6000.lC, Requirements for Packaging, Handling and ‘lhnsportation. I

4.3.2.2 Physical Characteristics

[1] Markings or labels shall be afi3xed in a conspicuous manner to Spacecraft hardware and
hardware packages such that the item is identifiable when installed in the parent assembly or stowed. ~
[2] Markings shall be as permanent as the normal life expectancy of the article.
[3] Markings shall be located away from points of physical wear.
[4] Markings shall not affect the leakage path between conductors or any other factors of
performance.
[5] Wires and cables for hardware shall not be identified by hot stamping directly onto primary or
secondary (shield) insulation.
[6] Labels shall be installed such that they me readable by the unaided human eye and by automated
reader devices.

4.3.2.3 Content

[1] The identilcation shall contain, as a minimum, the following

a. Manufacturer Part Number

b. Serial Number
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[2] All components shall be marked in accordance with U.S. Customary System (English) units.
[3] Hardware or equipment which is not suitable for use in flight, and which could be accidentally
substituted for flight or flight spare hadware, shall be plainly marked md and identitkd to indicate
this status.
[4] Wire bundles, cables, and fluid lines shall be functionally identilable at each end. I
[5] All test points, adjustment devices, and alignment points shall be labeled.
[6] Where necessary, labels shall indicate proper orientation for the unit.

4.33 Fhish

[1] All finishes shall be selected in accordance with 20008650, EOS Authorized Materials and
Processes List.
[2] All finishes shall meet the thermal intetiace requirements of Section 5.2.
[3] B-mted metals as defmcd in Astro Space 20008650 shall be passivated, plated, painted, or
otherwise finished to provide an inert exposed surface.
[4] Where dissimilar metals interact, the surfaces shall protect against galvanic action between these
metals yet still meet the conductive requirements of Section 5.2..
[5] All exposed surfaces shall protect against possible wear from interaction with molecular orbital
pzuticles.

4.3.3.1 Component Mounting Surface

[1] Components which require thermal isolation at the mounting interface shall use an electrical
bonding strap across the interface.
[2] The bond across the interface shall provide a resistance of c 2.5 fi
[3] The component mounting surfaces shall not chemically react with the Spacecraft materials they
mount to if such a reaction could cause equipment on either side of the intexface to not meet
performance requirements.

4.33.2 Mounting Surface for Electrical Interface Connectors

The mounting surfaces for elecrncal interface connecto~ shall comply with the connector
grounding requirements in para 3.2.3.6.

4.3.4 Component Case Design

[1] Any fillets or radii on the component exterior case shall be of adequate size to allow cleaning
using solvent wipe methods.
[2] The component mounting surfaces and external component surfaces shall not oxidize.

4.35 Non-Flight Protective Covers

[1] Covers required during Spacecraft ground operations shall be fastened in a manner suitable to
prevent loss of or damage to the Spacecraft during transportation and handling with any axis down.
[2] Hardware used to attach covers shall be captive.
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[3] A tether shall be proviti if necessary, to prevent risk of losing, or dropping the cover.
[4] Non-flight protective covers shall be accessible and removable when the Spacecraft is in its
stowed contlguration.
[5] All covers to be removed prior to flight shall be capable of removal without disassembly of any
portion of the Spacecraft or component.
[6] Such covers shall be tagged with A flags to ensure they am removed before flight and shall be
labeled “mm-flight”.
All non-flight covem will be removed prior to installation of the payload fairing unless safety or
contamination concerns dictate their retention.

4.3.6 Flight Protective Covers

[1.] Flight protective covers, whether or not in use, shall not restrict the operation of nor
[2.] limit the fieltif-view of any instruments or radiators.

4.3.7 Venting

[1] Except where component design requires a sealed component, provisions shall be included for
adequate venting to ensure that internal pressures do not build up to the point where any flight
equipment would experience forces beyond those it is designed to withstand. (Pressure I
envitmments are provided in paragraphs 6.3.2 and 6.4.4)
[2] Venting shall not be directed toward the field-of-view of any optics,
[3] radiators, or
[4] towards any other contamination sensitive surfaces.
[5] Venting shall meet the Venting Control requirements of the Contamination Control Plan,
PN20001412.
[6] Once on-it, any component which uses expendable gases shall not exert continuous venting
forces which exceed lxlb lbf at the component interface,
[7] nor shall it exert random venting impulses which exceed .0028 lbf-sec.

4.3.8 Interchangeability

Each component shall be directly replaceable in form, fit, and function by other components of the
same part number except that equipment furnished in matched sets shall be interchangeable only as
matched sets.

4.3.9 Drawing Terms and Tolerances

The requirements of Drawing Terms and Shop Run Tolerances, S30009, shall be implemented for
all equipment built by Astro Space. m
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4.4 Component Mounting

4.4.1 General

[1] Components shall be designed to be installed and removed from the Spacecraft without a need
to assemble or disassemble the component.
[2] Components mounted in equipment modules shall be mounted by means of Astro Space
provided mounting bolts passing through flanges located on the component.
[3] All mounting bolts shall be accessible horn the component side of the interface.

4.4.2 Equipment Module Mounted Components

AUthe equipment module structures, exceptforthe GN&C sensor equipment module baseplate, will
consist of aluminum honeycomb panels. The GN&C sensor equipment module baseplate will
consist of Graphit&Epoxy facesheets with aluminum honeycomb core. Threaded inserts will be
potted into the honeycomb at the appropriate component mounting locations. Components mounted
within the equipment module will be shimmed by Astro Space, if necessary, to obtain proper
alignment with respect to the Spacemaft optical reference.

[1] Mounting bolt size andholepattern shall bedesignedto maintain thecomponent’s interface when
it is subjected to all loads defined in Section 6.3 using factors of safety defined in Section 4.9.1
[2] A rninimumof four identical bolts shall be used for each component except for alignment critical
components which may implement a 3-point mount design.
[3] Within assemblies, bolts with different threads shall be of different sizes to pxrx%ntdamage
resulting horn insertion into wrong holes.

4.403 Instrument Accommodation Equipment Mounting

Instrument accommodation equipment shall meet the constraints and guidelines spec~led in the
GIIS, GSFC 4204342 for mounting to instrument secondary structure. The mounts shall also
meet all performance requirements after exposure to the environments described in Section 6 herein.

4.4.4 Direct Mounting Major Assemblies

[1J Major Assemblies, other than the primary structure major assembly,shall be mounted to the
primary structure node fittings.
[2] Mounting shall be kinematic where practical in order to limit load sharing between the primary
structure and direct mount structure. The node fittings will have helicoil type inserts and shear boss
insets as required.
[3] The insert bolt pattern shall be in accordance with the bolt pattern specifkd in Kinematic Mount
Interface Drawing - Equipment Module, 20004013. I

Direct mounted components may be shimmed, if required, to obtain the proper alignment with
respect to the Spacecmft optical refenmce if the thermal requirements of para 5.2.2.1 are still me~

4.43 Mounting Surf5ce FIatness and Finish

[1] All mounting surfaces shall be, as a minimum, flat to within 0.01 inches for each 12 inches of
length.
[2] The roughness surface ftish of the mounting sutiace shall be no greater than 63 microinch rrns.
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4.4.6 Mounting Hole Position an~ Tolerance

[1] Mounting hole positions on the component shall have a tolerance on the center-t~enter
distance not to exceed kO.005 in. (0.01 cm) unless alignment requirements for that component
demand othenvise.
[2] Mounting bolt hole diameters shall have tolerance not to exceed +0.005/4000 in.
(+0.01 crn/-0.00 cm)

4.5 Hardware Layouts

4.5.1 Accessibility

The following components and component items shall be accessible during I&T or stomge:

a. units which for safety masons may require rapid prelaunch maintenance,

b. units which would require maintenance during a storage period of five years after
completion of integration and test,

4.52 Location of Sensitive Components

The following components and component parts shall be located so as to protect them flom
accidental contacts with ground personnel or with other spacecraft hardware

a. units which are fragile or otherwise susceptible to damage which are not otherwise
guarded,

b. sensitive adjustment controls and actuators which are not otherwise guarded horn
inadvertent perturbation.

4.6 Alignment

4.6.1 General

[1] All components shall be aligned via dimensional control of mounting hole locations on the
Spacecraft with respect to the Spacecraft coordinate system and
[2] via dimensional control of the component mounting hole locations with respect to the component
reference axis.
[3] Where this dimensional control is not sufficient to meet the pointing requirements, control shall
be achieved by shimming.
[4] If none of the above methods provide adequate pointing requirements, or if shimming is
impractical, the component shall provide other means for alignment.

4.6.2 Alignment Measurement

During alignment measurement, the azimuth and elevation angles of the normal to the alignment
reference flat will be measured with respect to the Spacecraft coordinate system.

[1] Component alignment, when requim~ shall be accompl-iskd on the Spacecraft using an
alignment cube on the component and suitable optical tooling.
[2] The alignment cube shall be located on the component such that there exists a direct line of site
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along all three axes normal to the alignment cube with points outaidethefully integrated Spacecraft.
[3] The alignment cube comers shall be positioned on the component such that its axes are along
the axes of the component reference frame.

4.63 Alignment CubedMirrors

[1] Alignment measurements shall be made using optical techniques and optical mimers on all
components requiring alignment.
[2] The component shall contain an alignment cube or, as a minimum, three orthogonal reference
mirrors at least 1.0 inch (6.5 cm2) square.
[3] The alignment cube flatness shall be within 1/4 wavelength of sodium-D visible light.
[4] In addition, its orthogonality shall be to within *1 arcsec.
[5] The cubchimors shall be located so as to be visible for alignment establishment purposes at all
stages of integration with the Spacecraft.

4.7 Mechanisms

4.7.1 Caging

[1] Mechanisms which require caging shall be capable of being caged remotely or by insertion of
temporary locking devices for Spacecraft balance and handling operations.
[2] The component shall not qire EPS-supplied power to maintain a caged condition.

The caging mechanism shall be capable of restraining all motions in a static or sinusoidal field
environment in any of three axes at the
[3] load [4] vibration, and [5] shock levels specif3ed in Section 6.3 of this document.

4.7.2 Electro-Explosive Devices (EEDs)

[1] AllEED mounting and connection interfaces shall be such that a shorting device maybe installed
or removed at each EED interface.
All EEDs shall be capable of being
[2] installed, [3] removed, [4] exchanged, or [5] replaced by a dummy device without disassembly
of the Major Assembly and/or component to which the device is mounted.
[6] EEDs shall not impart shock levels at the Spacecraft interface greater than the minimum value
spec~led in the respective Major Assembly ptxformance specification. 9

4.8 Launch Configuration Dynamic Characteristics

[1] Components shall be designed with a minimum freed-base natural frequency (at mounting
interface) of 100 Hz for components weighing less than 200 lbs, and
[2] 80 Hz for components weighing 200 lbs or more
[3] Major Assemblies shall be designed torninimum fixed base natural frequency as defined in their I
respective performancespecifications.
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4.9 Structural Criteria

4.9.1 Design Factors of Safety

[1] Factors of Safety for Flight components, Qual.illcation Test Models, and Engineetig Test
Models shall be as spedtled herein.
[2] The factors of safety in lines [3] and [4] below shall be applied to limit loads to derive yield and
ultimate stresses. Limit load is defined as the maximum load expected tooecurin all phases of flight.
[5] Component strength analysis for qua.Mcation or Protoflight level random vibration test loads
shall use a minimum design factor of safety of 1.15 for yield and 1.25 for ultimate. I
[6] The minimum design Factors of Safety (I%) for test verifkd components shall be 1.25 for yield
and 1.40 for ultimate.
u] Components which use analysis only for structural vefilcation shall use a minimum design
factor of safety of 2.0 for yield and 2.6 for ultimate.
[8] In lieu of speci.flc values developed through a coupled loads analysis the values specifkd in
Sections 6.3.3 and 6.3.5 shall be used for preliminary design of components.
[9] Component strength analysis for shock test loads shall use a minimum design factor of safety
of 1.0 for all tests. I
[10] Margin of safety (MS) for the detailed stress analysis shall be water than or equal to zero and
shall be calculated as follows:

MS yield - N1o &lf@2U S~S or f~e -1
Lirni~stress or furce x FS yield

MS ultimate - Ssor force -1
Limit stress or fome x FS ultimate

[11] Buckling, tippling and shear failures shall be considered as ultimate failures.
[12] When alignment of components is critical to mission success, the micr~yield orothermaterial
allowable shall be used in the yield equation.

4.9.1.1 Pressurized Equipment

[1] Pressure vessels shall be designed in accordance with Section 5, approach A of
MIIATD-1522A, “Standard General Requirements for Safe Design and Operation of Pressurized
Missile and Space Systems,” May 1984. (A component shall be considered a pressure vessel if it:

a. has fluid storage as its primary pwpose, andcontains a minimum stored energy of
14,240 ft–lb, or

b. contains a fluid that will create a mishap if released, or

c. will experience a design limit pressure greater than 100 psi.)

[2] All safe-life analyses shall be conducted in acccmiance with MILSTD-1522A and
GSFC-73 1-0005-83B.
[3] Where pressure regulato~, relief devices, andbrathermal control system (e.g., heaters) m used
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to control pressure, collectively they must be two-fault tolerant from causing the pmsure to exceed
the Maximum Design Pressure (MDP) of the system.
[4] The factors of safety in Table III shall be used in the design of press- equipment.
[5] Components which are listed on Table III which are not classifkxi as pmsum vessels shall meet
the re@rements of section 5.3 of MIIAWD-1522A.

4.10 Tooling

4.10.1 Optical Tooling

Components which require separate optical tooling to define the alignment reference as flat shall
provide the optical tooling for alignment measurement on the Spacecraft-

4.10.2 Handling Fixture

A handling fixture shall be supplied with any Spacecraft elements weighing 35 lb (16 kg) or mo~
for removal from the shipping container and installation on the Spacecraft.

4.103 Materi~ Processes, and Parts

[1] Materials and processes shall be selected and controlled in accordance with Astro Space
20008650, EOS Program Approved Materials and Processes List (P’).
[21All program approved parts utilized on the EOS Program shall be used in accordance with Astro
Space 20008648 EOS Program Approved Parts List (RAPL).

4.103.1 Approved Standard Parts, Materials and Hnishes

[1] Wherever possible, approved standard parts and materials shall be used. Approved standard
parts, derating factors and screening are listed in the PAPL, 20008648. Approved standard materials
are listed in the PAMPL, 20008650. Approved standard finishes are listed in the PAMPL, 20008650.
[2] Application of materials and finishes shall be in accordance with the PAMPL, 20008650.
[3] Non-standard parts (i.e., not in the PAPL) which are required on the program shall be submitted
for approval using the Non-Standard Part Approval Request (NSPAR) process outlined in the
PAPL, Astro Space 20008648.
[4] Non-standard materials or processes (i.e., not in the PAMPL) which are required on the program
shall be submitted for approval using the Non-Standard Material Approval Request (NSMAR)
process outlined in the PAMPL, Astro Space 20008650.

4.103.2 Properties of Materials

[1] Material structural properties for metals shall be in accordance with the “A’’-basis for defining
metal properties in MIL-HDBK-5E,
[2] and for plastics, in accordance with MIIAIDBK-17, parts 1 and 2.
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4.103.3 StxwwCmmsion

[1] Metallic materials shall be chosen using the information contained in MIL-STD-889A
regarding ccmosion protection.
[2] In addition, materials that do not meet the requirements of MSFC-SPEC-522 to control stress
comosion and cracking shall be considered non standard and shall require processing in accordance
with the PNL, 20008650.

4.103.4 Magnetic Materials

Materials shall be used such that the equipment magnetic property requirements as defined in
Section 6.1.1.2 am met.
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Table III. Factors of Safety for Pmssmze“ d Equipment

EnginestructuresandtXqXxmlts
PIWfpressure . 1.5 x MJ-jp[41

ultimatepresnue = 25 x MDP

HydraulicandpneumaticsystetnK

(a)Linesandftigs, k.ssthan1.5in. (38mm)diameter

Proofpressure = 15 x MDP

ultimatepressure . 4.0 x MDP

(b)Linesandfittings,1.5in (38mm)diameterorgeater

Proofpressure w 1.5 x MDP

Ultimalepressure = 2.5 x MDP

(c)Pressurevessels(propellanttanks,pressuranttanks,mservoirs)IIJ

Proofpressure > 15[21 x MIX

Ultimatepressure > 2.0[5J x Mm

(d)HeatPipes

Prd pressure . 15 x MDP

Ultimatepressure . 2.5 x MDP
(e)Com~ite PressureVesselswithloadcanyingmetallicliner

PKXfpressure I 9
chmvrapLoadCartyingcapacity(%)

Below35% 35%- 85% Above85%

ultimatepressure 2.0x MDP 4.0x MDP 5.0x MDP
(BBLunlesscanyinghazaxdousfluidinwhichcasedesignshallbeLBB)[31

(f)Pressurevessels(nickelhydr~en cells)

Proofpressure . 15 x MDP

Ultimatepressure . 3.0 x MDP

(g)Othercomponents(valves,disconnects.pumps.etc.)

Proofpressure 15[4 x MDp

Ultimatepressure = 25 x MDP
(h)PressurimlSystem(CPHTSmini-1~)

Proofpressure . 15121 x MDp

Ultimatepmsure Addressed by testing cotnponent
pans

[1] Does not includecompositeoverwrapvessels.
[2] Mayuse 1.2.5if SafeLifeanalysisispetformedon fracturecriticalpressurizedlines, fittings,andcom-
ponents in lieu of the systemlevel proofpressuretest of 1.5x MDP.
[3] BBL Burst beforeleak, LBB: Lcal-before-burst
[4] MDP MaximumDesignPressure;the highestpressure,includingtransientpressures, definedby max
relief pressure, rnaxregulatorpressure,or max temperature(includinggroundprocessing)
[5] Vesselswhichwill not be pressurizedduringany groundtransport to VAFBmay use 1.5xMDF?
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5 THERMAL INTERFACES

Component specification authors shall note exceptions to this specification in Section 6 of their
respective component spectilcations.

5.1 General Thermal Control Concept

The Spacecraft thermal control subsystem (TCS) will maintain temperatures of Spacecraft system
equipment interfaces within specifkd temperature limits under all external environments, as defined
in Section 6 herein, and for all operating and non-operating modes during prelaunch, ascen; and
on-orbit mission phases, as defined in the Contract End-Item Spedllcation, PS20005396.

5.1.1 Spacecraft Thermal Control Subsystem

The Spacecraft structure, mechanisms, propulsion subsystem, and appendages will be thermally
controlled by conventional passive techniques such as multilayerinsulation (MU), thermal isolation
materials, and finish coatings, augmented by heaters. Other Spacecraft system equipment will be
located in or on equipment modules, some of which will have local heat pipe radiators to acquire,
transport, and reject heat locally from the equipment module.

5.2 Spacecraft/Component Thermal Interfaces

5.2.1 Equipment Modulc#Component Thermal Interfaces

5.2.1.1 Equipment ModuWComponent Conductive Interfaces

Equipment module components will be mounted to radiator or nonradiator honeycomb panels.
Radiator panels will acquire, spread, and reject component heat to the external Spacecraft sink.

[1] The heat flux density for equipment module components mounted on radiator panels or panels
directly coupled with radiator panels shall not exceed 1.0 W/in.2 (0.16 W/cm2) for any square inch
over the conductive mounting interface (contact area).
[2] The heat flux density for equipment module components mounted on nonradiator panels shall
not exceed an average of 0.2 W/in.2 (0.76 W/cm2) for any square inch over the conductive mounting
interface (contact area).

5.2.1.2 Equipment ModulelComponent Radiative Interfaces

The external surface finish and emissivity of each component internal to an equipment module shall
be as specified in the component ICD.
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5.202 Instrument Accommodation Equipment Thermal Interfaces

5.2.2.1 Thermal Isolation Requirements

[1] All instrument accommodation equipment on the Spacecraft shall be conductively and
radiatively isolated ftom the mounting interface.
[2] The maximum allowable heat transfer fromho the instrument accommodation equipment
to/ffom the mounting interface shall be 0.01 W/in.2 (0.0016 W/cm2) during instrument operational
conditions. The mounting interface will be maintained between O“Cand 30”C during normal orbital
operations.

5.23 Distributed Housekeeping Equipment Thermal Interfaces

The external surface finish and emissivity of each component not located in or on an equipment
module shall be as specifkd in the component ICD.

5.3 Environmental Flux Parameters

Hot and cold case thermal analysis shall be based on maximum and minimum values of solar, albedo,
and Earth infrared (IR) energy fluxes as defined in Section 6.4.2.

5.4 Thermal Control Hardware

5.4.1 Heaters

Heaters shall be capable of being enabled or disabled by ground command.

5.4.1.1 Heater Margin

Heaters shall be designed to include a 25% margin over the maximum projected heating
requirements.

5.4.1.2 Heater Control

Heaters shall be designed to be controllable such that there is at least a 2°C deadband between the
on and offset points.

5.4.2 Multilayer Insulation

Multi.layer insulation (MLI) thermal blankets shall be used to cover those surfaces of the Spacecraft
where radiative isolation is desired.

5.4.2.1 MLI Bakeout

All MLI materials shall be baked out per the requirements defined in the EOS Contamination
Control Plan, PN20(K)1412.
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5.403 Thermal Control Coatings

AUexternal thermal control coatings must be nondegradable or degradation limited over the design
life of 5 years on orbit.

5.4.4 Temperature Sensors

Each temperature sensor shall be within its specifkxl standard calibration curve on read-out to better
than 1% over the quali.tlcation range of the unit when mounted to the surface being measured.

5.5 Spacecraft Equipment Temperature Requirements

A comprehensive list of component temperature limits will be contained in the Thermal Control
Subsystem Specification.

[1] The Spacecraft equipment shall be designed to withstand without damage* the on+xbit
temperatures defined in Table IV and the
[2] ccmesponding test levels as defined in the Verification Specification PS20005404.

*Damageis consideredto be anychangein the Spacecraftequipmentwhichmaydegradesubsystemsor components
to performancelevelsbelowthosedefinedin theirrespectivespecificatkms.

Table IV. Spacecraft Equipment Temperature Requirements

Equipment/Structure On+rbit Allowable
Temperature Range ~C)
(measured at the mounting interfhce)

Components Mounted in or on an -10 to +50 Operational
Equipment Module -25 to +60 Non-operational

External Mechanisms -25 to +70 Operational
(e.g., gimbals, drives) –50 to +70 Non-operational

Secondary Structure –50 to +60 Operational
(e.g., Equipment Module Structures) -60 to +70 Non-operational

Internal Core Equipment -20 to +50 Operational
(e.g., torque rods, harness) -25 to +60 Non-operational

Instrument Accommodation Equipment -10 to +50 Operational
-25 to +60 Non+mx’ational

Distributed Housekeeping Equipment -10 to +50 Operational
(Not included in an
EauiDment Module) -25 to +60 Non-cmerational

propellant wetted components + 12 to +40

Note: This table represents the maximum expected flight levels. Components will experienc
higher levels during testing. Test levels are specified in the VS, PS20005404.
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6 ENVIRONMENTAL INTERFACES

This Section describes the environments which the Spacecraft will experience during prelaunch,
launch and ascent, and on-orbit operations. To prove compliance, elements will be tested to the test
levels in J%Jtro Space PS20005404, Vefllcation Speciilcation, which correspond to the
environments specifkxi herein.

[1] Component spedlcation authors shall note exceptions to this specification in Section 6 of their
respective component specifications.
[2] All Spacecraft elements and equipment shall meet specified performance requirements with ~
exposure to the environments destibed herein.
[3] All Spacecraft elements and equipment shall be designed to withstand exposure to the applicable
test environments specifkd in the Verification Specit3cation, PS20005404. I

6.1 General Requirements

6.1.1 Electromagnetic Interference (EMI)

6.1.1.1 Electric Fields

[1] Components shtd.1meet the electric field emissions requirements in the Equipment Radiated
Emissions (RE02$REO1/RE04) section of the Equipment EMI Requirements in the EMC Control
Plan, PN20005869.
[2] Components shall meet the requirements of the Radiated Susceptibility (RS03) Electric Fields
section and the
[3] Radiated Susceptibility On-Orbit Environment section of the Equipment EMI Requirements in
the EMC Control Plan, PN20005869.

6.1.1.2 Magnetic Fields

[1] Components shall meet the magnetic field emission and
[2] magnetic properties requirements in the Equipment Radiated Emissions and Equipment
Radiated Properties sections respectively of the Equipment EMI Requirements in the EMC Control
Plan, PN20005869.
[3] Components shall meet the requirements of the Radiated Susceptibility (RSO1)Magnetic Fields
section of the Equipment EMI Requirements in the EMC Control Plan, PN20005869.

6.2 Mission Environment

The pm-mission environments include the environments for integration, transportation, launch I
processing, storage, and handling activities.

[1] Expected environments which components would experience before delivery for integration
with other Spacecraft flight equipment shall be defined in the respective component spcciilcations
if those environments exceed the environments defined herein. I

57 DCCOS0593



IS20008501A
05Au@,mt1S93

c

&201 General

6.2.1.1 Component Degaussing

Spacecraft components shall not require degaussing after installation on the Spacecraft.

6.2.1.2 Cleanliness

[1] The component design shall comply with the requhements of Astro Space PN20001412, the
Contamination Control Plan (e.g., withstanding periodic cleaning), and
[2] shall be capable of withstanding a class 100,000 environment throughout its prelaunch Iifeexcept
where specifkd otherwise herein,
[3] and compatible with maintaining a class 10,000 environment throughout its prelaunch life.

6.2.13 Temperature and Humidity

Each component shall be capable of withstanding exposure to the temperatunYhumidity conditions
described in Table V during integration at Astro Space East Windsor facilities, during transportation
to VAFB, and during VAFB off-pad operations.

6.23 Storage Environment

Components shall be capable of being stored due to an unscheduled delay in the launch schedule for
a period of up to five years after completion of component acceptance test under the following
conditions of humidity and temperatum: 30% to 50% relative humidity and 6G77°F (19-25°C)
temperatures.

6.23 ‘Ikamportation and Handling Accelerations

Spacecraft equipment shall not suffer any damage when exposed to the tmnspmation and handling
environments descxibed herein. I

6.2.3.1 ‘Ihmsportation

[1] The acceleration environment for air transportation and ground transportation in air-ride trailers
shall be assumed to be as follows if the following axes represent the axes of the transport vehicle: I

Vertical H.o CF
Lateral SLo CF
Longitudinal ti.s G

Table V. Temperatum/Humidity Limits
) I

Environmental Parameter Controlled Environment
I

I Temperature Range, ‘F (°C) 55-75(13-24)
Temperature Transients (Max), ‘F (°C)/hr fi(K18) I

I Relative Humidity% 30 to 50 1
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[2] Components choosing to be transported in an non-air-ride trailer shall assume vertical
accelerations of at least M5.OGs.
[3] The accelerations along each axis shall be applied separately as static loads.

6.2.3.2 Handling Vibration and Shock

[1] After delive~ for Integration and Test, components shall operate as specified after exposure to
handling vibration and shock environments when these don’t exceed 5(Moof the Protoflight test
levels speci.fkd in the Mechanical Testing section of EOS-AM Spacecraft Veriilcation
Specification, PS20005404.

6.2.4 On-Pad Environment

6.2.4.1 Temperature

Components shall be capable of withstanding temperatures between 45-75°F (7-24”C) and
30%-50% relative humidity during all on-pad operations. I

6.2.4.2 Lightning

[1] EEDs and ftig circuitry shall be designed to preclude electrical overstress or any other damage
when subjected to the near field of a lightning strike as defined in Figure 16.
[2] EEDs and ffig chtmits shall be designed to preclude electrical overstress when the lightning
near field couples to interfacing cables.

6.3 Launch and Ascent Environment

All Spacecraft equipment shall operate to specifications after exposure to the worst-case
environments induced by the Atlas IIAS and Titan IV as defined below.

Note: Test levels for the following environments are defined in the Vetilcation Specification,
PS20005404. Test levels are often more extreme than the maximum expected flight environments
(the environments defined in this document). I

6.3.1 Thermal

6.3.1.1 Internal Payload Fairing Temperatures

Spacecmft assemblies and exposed components shall not suffer any damage when exposed to the
launch vehicle fairing transient tempemm.m profdes given in Figure 17.

6.3.1.2 Free Molecular Heating

Spacecmft components and assemblies shall operate to spec~lcation after expos~ to a
free-molecular heatingrate which is less than or equal to 360 BTU/hr-ft2 (409 J/hr-cm2) at payload
fairing release and which then decreases to less than 140 BTU/hr-sqft within 30 sec.
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6.3.2 Pressure

Ttme (psec)

Near-Field Lightning Environment

The Spacecraft components shall withstand the internal payload fairing presstne decay during ascent
that will not exceed 0.5 psikc, (3.4 kpa), except for a perturbation not exceeding three seconds in
duration where the rate will not exceed 0.76 psilsec, (5.2kPa).

6.3.3 Acceleration

[1] Components mounted directly to the Spacecm.ft primary structure shall withstand exposure to
the limit accelerations defined in their performance specification.
[2] Spacecraft components mounted to Instrument secondary structwe shall withstand exposure to
the limit accelerations defined in Figure 18 unless otherwise justifkd by analysis.
[3] Equipment module mounted components shall withstand launch limit accelerations as defined
in Figure 18 unless othenvise justified by analysis.
[4] All Spacecraft components shall be able to withstand the random vibration specfled in
Section 6.3.5.
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F@re 18. Predicted Lhnit Loads

NOTE: This figure represents the maximum expected flight levels. Components will experienc 9
higher levels during testing. Test levels are speci.fkd in the VS. PS20005404. 9

6.3.4 Acoustic Field

All components shall withstand the fairing acoustic environment shown in Table VI.

6.3.5 Random Vibration

[1] Spacecraft components shall withstand the random vibration levels defined in their own
performance specflcations.

6.3.6 Sine Vibration

[1] Components in equipment modules shall withstand in their launch
vibration environments imposed on them during major assembly testing.
[2] The SMS shall ensure that the sine vibration environment imposed on

cordlguration the sine

the components during

~jor assembly testing will be enveloped by the limit loads environment described in Figure 18.
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Table VI. Maximum Expected Flight Acoustic Levels

I/3 Octave Center Noise Level (dB) l/3 Octave Center N#seehwc#3)
Frequency (H@ m!: 20 uN/M2 Frequency (H@ ..

25 800 124.3
32 129.0 1000 122.5
40 130.5 1250 121.0

50 131.0 1600 119.0
63 132.0 2000 117.5
80 132.5 2500 116.0

100 133.0 3150 114.0
125 133.0 112.5
160 132.7 5000 110.5

●

200 131.9 6300 108.5
250 131.0 8000 109.7
315 130.2 1000O 110.5 k

128.8 II I
500 127.5
630 126.1 Overall 142.8

Note: This figure repments the maximum expected flight levels. Components will ex-
perience higher levels during testing. Test levels are specified in the VS, PS20005404. I

6.3.7 Shock

[1] Spacecraft components shall meet performance requirements following exposure to the shock
environment spcciiied in its own performance speci.tlcation. 9

6.3.8 Contamination Control

Spacecraft components and assemblies shall withstand a particulate contamination within the
payload fairing of FED-STD-209 Class 10,000 or better conditions.

6.3.9 Corona Discharge Avoidance

[1] Components which must be powered during ascent shall use high-voltage design techniques to
preclude corona discharge during the transition through critical pressure.

[2] Components shall operate only at levels below the curve in Figure 19. This cume depicts the
dielectric breakdown distance and air pressure product versus applied voltage at which arcing
occurs.
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Figure 19. Comm Discharge Threshold Levels

6.3.10 Resistance to Lightning

EEDs and f~ing circuitry shall perform as specifkd after exposure during launch to the lightning
environment defined in paragraph 6.2.4.2.

6.4 On-Orbit Environment

The Spacecraft’s components shall function within specification when exposed to the on-orbit
environments described herein.

The Spacecraft is baselined to occupy a sun-synchronous circular orbit with a 98.2° inclination at
705 km orbit for its operations. The Spacecraft orbital reference coordinate frame shall be as
specified in paragraph 4.1.

During the Orbit Acquisition Initialization Phase of the mission, the spacecraft will occupy a
sun–synchronous elliptical injection orbit with minimum perigee and apogee of 550 km and 686 km,
respective y. The orbit will have a 98.2° inclination. The Spacecraft orbital reference coordinate
frame shall be as specWled in paragraph 4.1.
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Note: Test levels for the following environments are defined in the Veri.tkation SpecKlcation,
PS20005404. Test levels tie often more extreme than the maximum expected
environments (the environments defined in this document).

6.4.1 On+rbit Shock

[1] Componentsemploying pyro devices shall withstand their own imposed shock levels.

6.4.2 Thermal

[1] Components shall withstand the interface temperature ranges specified in paragraph 5.5
[2] External Spacecraft components shall function within
thermal flux design parameters defined below

Thermal Flux Source Minimum

Solar Radiation 0.856 W/in2

Albedo 0.311

EarthInfraredRadiation 0.141 Whrlz

6.43 Beta Angles

flight

I
spec~lcations when subjected to the

Maximum

0.915 Wlinz

0.336

0.157 w/in2

The range of potential orbit clock angles is 1030 b *15 min. for the descending node crossing.
The Beta angle (angle between the orbit plane and the solar vector) varies from 13° to310 for the
Spacecraft’s range of descending node crossings.

6.4.4 Preslre

The Spacecraft subsystems, assemblies, and components shall operate within specification
requirements in a 1@ TorTvacuum environment.

6.4S Acceleration

All components, including deployed appendages, shall withstand an acceleration of .0015Gs as a
result of main thruster engine fting.

6.4.6 Charged Particles

[1] Components, assemblies, and fabrication materials shall operate within spec~ication during
exposure to the radiation environment defined by the curve labeled “Total Dose x Margin of 2“ in
Figure 20.
[2] Equipment modules shall provide the equivalent shielding of 40 rnil of Aluminum for their
internal components against the environments specifkd in this section.
Additional shielding (box walls, PC boards, device packages, spot shields, etc.) provided by the
components may further attenuate the environments specifkd below.
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6.4.6.1 Single Event Upset

Chaq@ particle environments may induce Single Event Upsets. A Single Event Upset (SEU) is
a change of state or transient induced by a cosmic ray or proton in digital or certain analog devices.
Vulnerable analog devices are optoelectronic devices, analog to digital converters (ADCS), and
sense arnp~lers. The change may a.lfect information stored in the device or in a surrounding
interface device.

Electronic components shall be designed, where possible, to be immune to SEU induced
performance anomalies in the
[1] Solar Flare Proton,
[2] Trapped Proton, and
[3] Cosmic Ray ChaqgedParticle environments defined below.
(Components may achieve immunity to SEU induced anomalies by using error detection and
correction or by using pam which are immune to SEU or by demonstrating that a given failure is
a non+xedible failure. Devices with a Linear Energy Transfer (LET) thmhold (LETtb)> 100 MeV
cm2 mgl are immune to cosmic ray effects. Devices with an LETti >10 MeV cm2 mgl are
immune to trapped and solar flare proton effects. LETti is defined as the minimum LET required
to cause a SEU.)
[4]Where new LETti data am taken forEOS, 1X107ion#cm2 shall be used to establish the threshold
for the device being tested.
[5] Where immunity to SEU is not possible, the induced anomalies shall not require ground
intervention for correction.

6.4.6.2 solar man? Protons

Components shall operate per the requirements of paragraph 6.4.6.1 during three flares each lasting
four days. The environment for a single solar flare is defined in Figure 21.

6.4.6.3 Trapped Protons

[1] Components shall operate per the requfiments of paragraph 6.4.6.1 during exposure to the
trapped, free space proton environment defined in Figure 22.
[2] Components shall operate within spcc~lcation during exposure to a peak proton flux
environment over the South Atlantic Anarnoly when the flux is defined as follows:

Proton Energy Flux

>10 MeV 5.8 x l@ cm-2 see-l

>40 MeV 4.3 x 1(P cm-2 See-]

>100 MeV 2.2 x 1(P cm-2 see-l

6.4.6.4 Cosmic Ray Charged Particles

Components shall operate per the requirements of paragraphs 6.4.6.1 and 6.4.6.5 during exposure
to the Cosmic Ray environment defined in Figure 23.
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6.4.6.5 Single Event Latchup (SEL)

SEL is a cosmic ray induced anomalous state in an integrated chip, charactetied by high curnmt
and degraded performance in that chip.

[1] Where possible, electronic components shall be immune to SEL, secondary breakdown, other
thermal runaway effects, and sna@ick induced by cosmic ray ions.
[2] This shall be accomplishe~ where possible, through the selection of electronic parts immune to
these effects.
[3] Where immunity is not possible, appropriate latchup detection and recovery circuitry shall be
incorporated in order to preclude permanent component damage.
[4] Any consequent operational disruption shall not cause the Spacecraft to perform outside its
specified levels.

6.4.7 Micrometeoroids and Space Debris

6.4.7.1 Micrometeoroids

[1] Spacecraft and Instrument external surfaces shall be designed to meet performance requirements
after exposure to the meteoroid fluence shown in Figure 24.
[2] Particle density shall be assumed to be

2.0 g/cm3 for paxticles with mass< 10 ‘g
1.0 g/cm3 for particles with mass ldg though 10_2gand
0.5 g/cm3 for particles with mass> l@2g

and have a velocity of 19 krnkc.

6.4.7.2 Space Debris

[1] Spacecraft external surfaces shall be designed to meet performance requirements after exposure
to orbital man-made debris. The Space debris fluence is shown in Figure 25.
[2] Fluence upon a surface on a ram face (surface facing the direction of the Spacecraft velocity
vector) shall be determined by multiplying these fluences by 3.41. Multiples for components on
surfaces other than ram surfaces are given in Table VII.
[3] The debris velocity shall be assumed to be 10 kndsec.
[4] Diameter shall be related to density by the following equations:

density = 4.0 g/cm3 for diameters< 0.62 cm and
density = 2.8* diamete@”74 for diameters 20.62 cm and

[5] using the above density equations to determine volume, particle mass shall berelatedtodiameter
by the spheric volumetric equation.

6.4.8 Contamination

[1] Components shall meet the requirements of the Contamination Control Plan, PN20001412.
[2] Component surfaces exposed to the environment external to the Spacecraft shall operate as
spcciiled for end-of-mission with an accumulated particulate contamination of 8.2 mg/ft2 [3] and
accumulated molecular contamination of 8 mg/ft2
unless provided a more benign environment in the “EOS External Sutiace Cleanliness Level Goals”
table of the Contamination Control Plan, PN 20001412.
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Table VII. Multiples for Space Debris Fluence on Oriented Surfaces (i.&, Surfaces with ~
Specified Attitude)

Zenith Angle
Azimuth 90 75 or 60 or 45 or 30 or 15 or Oor
Angle 10s 120 135 150 165 180

0 3.413 3.2% 2.955 2.413 1.706 0.883 0.000

15 3.301 3.188 2.858 2.334 1.650 0.854 0.000

30 2.987 2.885 2.586 2.112 1.493 0.773 0.000

45 2.503 2.418 2.168 1.770 1.252 0.648 0.000

60 1.889 1.825 1.636 1.336 0.945 0.489 0.000

75 1.302 1.257 1.127 0.920 0.651 0.337 0.000

90 0.864 0.834 0.748 0.611 0.432 0.224 0.000

105 0.418 0.404 0.362 0.296 0.209 0.108 0.000

120 0.183 0.177 0.158 0.129 0.091 0.047 0.000

135 0.090 0.087 0.078 0.064 0.045 0.023 0.000

150 0.031 0.030 0.027 0.022 0.016 0.008 0.000

165 0.004 0.004 0.004 0.003 0.002 0.001 0.000

180 0.000 0.000 0.000 0.000 0.000 0.000 0.000

6.4.8.1 PropuMon System By-Products

[1] Components shall meet performance requirements after exposure to exhaust species from the
monopropellant hydrazine thrusters. Table VIII depicts the plume composition at locations 90° from
the plume centerline.

6.4.8.2 Materials Outgassing

[1] Materials used in hardware shall be selected in accordance with Section 4.10.3 of this document. m
[2] To reduce outgassing thermal blankets and all wiring harnesses shall be subjected to thermal
vacuum bake~ut in accordance with the Contamination Control Plan, PN 20001412.
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B lhble VIII. Plume Byproducts fkom Hydrazine Thruster&

Mass flux /
Species Mass Fraction thruster burn Burn Duration

NH3 0.4151 4.05 x 10-7 1
HzO 0.0313 3.05 x 10-s

NZH4 0.0030 2.93 X 1(Y9 u 900 Sec I

Nz 0.5249 5.12 X 10_7 m “(15rein) ~

Hz 0.0258 2.52 x 10-8 i
Total 1 9.76 X 10_7

Note: Accumulation on surfaces will be negligible since the evaporation rate will be close to
equalling the deposition rate.

6.4.8.3 Atomic Oxygen

Exposed Spacecraft materials shall withstand the atomic oxygen environment of 8.3 x l~”
atoms/cm2 (ram face value), unless, for surfaces not on the ram face, an analysis is performed, based
on view factor and scattetig, which predicts a lower density environment.

6.4.9 Plasma Interaction Effects

External Spacecraft materials shall not give rise to arcing, dielectric breakdown, or glow discharges
when opeming at any voltage between Oand the maximum voltage speciflxi for that component,
and when exposed to ambient plasma given in Table IX.

Table IX. Plasma Environment

1

Particle Density Temperature

Ambient electrons 1O%2X1(F’cm-3 0.10-0.39 eV
I I

Ambient positive ions 10WX 1(F cm-3 0.07-0.34 eV
1

* High energy electron flux I 108– 101O Cm-3 see-l Srl
I 14-30 keV

*Thisoccursduringperiodsof auroraiarcs. The spacecraftis exposedto aumml arc environmentsfor <30 secper
encounter.

6.4.10 Sun-Pointing Safe Mode

The HGA and Solar Array major assemblies shall survive, or perform as specitled, in the thermal
environment imposed on them when the following conditions occur simultaneously:

a. the solar array is stationary

b. the solar array cell plane normal vector is aligned with the solar vector

c. the-x vector of the spacecraft is aligned with the solar vector
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in the mission orbi~ the angular pointing error between the solar Vector and the cell-side
array normal does not exceed 155 about the pitch (Y) axis or 185 about the yaw(Z) axis

OR

in the injection orbit, the angular pointing error between the solar vector and the cell-side
array normal does not exceed 20° about the pitch (Y) axis or 30° about the yaw (Z)

the Spacecraft roll rate about the X-axis is not controlled (i.e., the rate might or might
not be zero).–.
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7 ACRONYM LIST

AWG

Al

BBL

BDU

BTU

c

CDR

CEI

aK

cm

cm

CHITS
DAS

dB

de

EAS

Ea

EMC

EMI

EOS

EPc
EPs
ESD

F

FDB

ft

FS

g

G

American Wire Guage

Aluminum

Burs-Before-Leak

Bus Data Unit

British Thermal Units

Centigrade
Celsius

Critical Design Review

Contract End-Item Specillcation

Clock

Centimeter

Command

Capillary Pumped Heat Transport System

Direct Access System

Decibel

Direct Current

Electrical Accommodation Subsystem

Emitter-Coupled Logic

Electroexplosive Devices

Electromagnetic Compatibility

Electromagnetic Interference

Earth Observing System

Electrical Power Conditioner

Electrical Power Subsystem

Electrostatic Discharge

Fahrenheit

Fuse and Distribution Box

Foot

Factor of Safety

gram

Gravity
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GIS

GIIS

GN

GSFC

GSE

hr

Hz

Iw

in

I/o

IR

J

kg

kHz

km

kpa

lb

LBB

lbf

LET

LV

m

MDP

MeV

mF

mg

MHz

MU

mm

MUX

MS

DCC080593

General Interface Spectilcation

General Insuument.Interface Specification

Ground Network

Goddard Space Flight Center (NASA)

Ground Support Equipment

Hour

Hertz

Interface Control Document,

Inch

Input/output

Infrared

Joules

Kilograms

Kilo-Hertz

Kilometer

Kilopascal

Pound

Leak-Before-Burst

Pounds of Force

Linear Energy Transfer

Launch Vehicle

Meter

Mini-Amperes

Maximum Design Pressure

Mega Electron-Volt

Mini-Farad

Milligram

Mega Hertz

Multi-Layer Insulation

Millimeter

Multiplexer

Margin of Safety
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Ins)

N

NSI

NSMAR

NSPAR

PAMPL

PAPL

PDR

PLF

PM

PPR

PM

psi

RD

RF

RS

SEL

SEU

Sq

Sr

SRP

STS

TBR

TBD

TBs

TCS

TDRSS

TLM

TONS

TSP

TP

VAFB

Mini-Ohms

Newton

NASA Standard Initiators

Non-Standard Material Approval Request

Non-Standard Part Approval Request

Program Approved Materials and Processes List

Program Approved Parts List

Preliminary Design Review

Payload Fairing

Propulsion Module

Primary Power Reference

Pyrotechnic Relay Assembly

Pounds per Square Inch

Requirements Document

Radio Frequency

Resistor, Series

Single Event Latchup

Single Event Upset

square

Steradian

Signal Refenmce Plane

Space llanspmtation System

To Be Resolved

To Be Determined

To Be Supplied

Thermal Control Subsystem

Tracking and Data Relay Satellite System

Telemetiy

TDRSS On-board Navigation System

TWisted Shielded Pair

misted Pair

Vandenberg Air Force Base
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Vdc Volts - Direct Cunent

w Watt

z Impedance

Q Ohm

@ MicrwHenxy

psec Micro-Seconds
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1 SCOPE

1.1 Identification

This speciilcation establishes the performance, design, development, and test requirements for the
Propulsion Subsystem. These ~quirements are derived from the Contract End Item Spec~lcation,
PS20005396, and the documents it cites.
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2 APPLICABLE DOCUMENTS

The following documents of the exact issue shown, forma paxt of this specification to the extent
speci.tiedherein. In the event of conflict between the documents referenced below and the contents
of this speciilcation, the contents of this specitlcation shall take precedence, except as defined in
Section 3.6 herein.

2.1 Government Documents

2.1.1 NASA Documents “

2.12 Military Doeurnents

MIL-P-26536C Amn 2
01 February 1982

MIL-STD-490A
04 June 1985

MIL-STD-1522A

MJL-STD-889A
07 July 1976
Notice 1
21 November 1979

MIL-HDBK-5E
01 June 1987

WSMCR–127-1

MIL-P-27407A
28 November 1978

MIL-P-27401B

IT-I-735A

Propellant, Hydrazine, High Purity Grade

Spectilcation Practices

Standard General Requirements for Safe Design and
Operation of Pressurized Missile and Space Systems

Dissimilar Metals

Metallic Materials and Elements for Aerospace
Vehicle Structures.

Western Space and Missile Center Range Safety
Regulations, December 1989

Propellant, Pressurizing Agent Helium, Grade B

Propellant, Nitrogen, Pressurizing Agent

Water, Deionized, High Purity

2.1,3 Other Government Documents

None

2.2 Non-Government Documents

2.2.1 Martin Marietta Astro Space Documents

1S20008501 General Intexface Speciilcation for the Earth Observing
System (ICD-101)
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PS20005404

20008792

20008793

20008650

1S20008503

PN20005869

20005397

20008536

20008652

PS20038078

PS3268395, Rev. D

PS20036563

PS20039929

PS20042098

PS20001402

PS2308 188

2591847

3268395, Rev. C

20039929

20042098

20001402

20044159

2280784

1S20008503

x

Vetilcation Spe@cation fortheEarth Observing
System (VRD-11O)

Welded Assembly Propulsion Module

Propulsion Module Structure/Welded Assembly

EOS Spacecraft Program Approved Parts List (PAPL)
(PA-325)

Launch Vehicle Interface Control Drawing

Electromagnetic Compatibility (EMC) Control Plan
(SEP-106)

Product Assurance Implementation Plan (PA-1OO)

EOS-AM Spacecraft Spectilcation Tme

Critical Items List (PA-51O)

Performance Speciilcation 1.0 lbf REA

Pexfonnance Speeificat.ion, 5.0 lbf REA

Performance Specification, Propellant Filter

Performance Specification, Latching Valve

PerformanceSpecification, Pressurant and Propellant
Fill and Drain Valve

Performance Specification, Propellant Tank

PerformanceSpecillcation Pressure Tmnsducer

1.0 lbf REA ICD

5.0 lbf REA ICD

Latching Valve ICD

Fill and Drain Valve ICD

Propellant Tank ICD

Propellant Filter ICD

Cleanliness Requirements

Launch Vehicle Interface Requirements Document
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PS20008618

20043126G1

20008655

Source:

PS20008617
05 August 1993

=

Propulsion Module Electronics Assembly (SP-701)

Propulsion Module Critical Item Development
SpecKlcation for EOS-AM Spacecraft

Propulsion Module Assembly Dmwing

Ground System Requirements Database

Martin Marietta Astro Space
P. O. BOX 800
Princeton, NJ 08543-0800

2.22 Subcontractor Documents

None

2.23 Other Non-government Documents

None
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3 REQUIREMENT

The Propulsion Subsystem will meet all performance requirements specified herein.

3.1 Propulsion Subsystem Definition

The Propulsion subsystem will, under control of the C&DH and GN&CS equipment, support the
Spacecraft during all mission phases. The Propulsion subsystem will provide impulse for the
accomplishment of orbit acquisition maneuvers, and orbit maintenance maneuvers and will provide
impulsive torques for on-orbit three-axis attitude control, three-axis inertial attitude slews,
three-axis Earth and sun acquisitions, and ~action wheel unloading. The Propulsion Subsystem
consists of the propulsion assembly and electrical assembly.

The electrical assembly will handle all command and telemetry between the. Spacecraft and the
Propulsion Subsystem. It will also contain all of the valve drivers, secondary power conversion
equipment, and pressure transducer interfaces for the propulsion subsystem. The electrical
assembly will provide 28 Vdc power to all propulsion subsystem components as requkd.

The Propulsion Subsystem will be of an all monopropellant design and will produce thrust through
the catalytic decomposition of hydrazine. The Propulsion Subsystem will consist of one 42x34 inch
propdl~t tank supplying two groups of two 5 lbf REAs and six 1.0 lbf REAs. A stainless steel and
titanium all welded manifold network will include latching valves, ffl and drain valves, propellant
falters, pmsure and temperature instrumentation and thermal control equipment.

The Propulsion Subsystem will operate in a 4.44:1 pressure blowdown mode. Thrust will be
genemted by four 5.0 lbf REAs and twelve 1.0 lbf REAs. The REAs will be mounted on the -X
side of the rear bulkhead in accordance with the PM structure and Welded Assembly Drawing
20008793. The REAs are manifolded into two equal half systems each of which will be capable of
accomplishing all attitude control maneuvers. The REAs will be operable either autonomously via
the on–board GN&CS controllers, or by direct ground command for individual control of any REA.

The propellant tank will contain a propellant management device (PMD) to preclude the helium gas
pressurant from entering the REA supply line manifolding during all required on-orbit operations.
Latching valves will permit half system isolation. Telemetry will be provided to indicate
propellant-feed pressures and temperatures, valve temperatures, and latching valve position
indication. Heaters, temperature sensors, thermal coatings, and insulation blankets, will be utilized
to maintain propellant and REA temperatures within required limits.

The wetted Propulsion Subsystem will be capable of being vacuum loaded with 760 lbm of
hydrazine propellant, transported to the launch vehicle while fully loaded, and being off–loaded
while in launch conllguration.

3.1.1 Item Diagrams

The functional flow and fwst-level physical breakdown of the subsystem are shown in Figures 1
and 2.
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3.102 Interface Definition

The mechanicaland electrical interfaces that must exist between the major components and between
this item and other items of the Spacecraft are defined on the RCS Welded Assembly, 20008792;
PM Structure./Welded Assembly, 20008793; Propulsion Module Critical Item Development
Specflcation, PS20008618 Sections 3.1.2.3 and 3.1.2.2, Latching Valve, ICD20039929; Propellant
Filter, ICD20044159; 5.0 lbf REA, ICD3268395; 1.0 lbf REA, ICD20038078; Low Pressure
Transducer, ICD2308 188; Propellant llmk, ICD20001402; Low Pressure Fill and Drain Valve,
ICD20042098, PMEA ICD 20008619, BDU ICD 20008568.

[1] The Propulsion Subsystem design shall comply with the requirements of the Launch Vehicle
Interface Requirements Document (IS20008503).

3.12.1 Functional Interfaces

The functional interfaces for the Propulsion Subsystem are shown in Table 1.

3.1.2.1.1 Software Interfaces

Not Applicable.

3.1.2.1.2 Data Interfaces

3.102.102.1 co remand hlpllts

The format, function and timing of commands for all propulsion subsystem components are listed
in Appendix I.

3.1.2.1.2.2 Telemetry Outputs

The type function and timing of telemetry words for all PM components are listed in Appendix II.

3.1.2.2 Physical Interfaces

3.1.2.2.1 Electrical Interfaces

[1] The Propulsion Subsystem shall comply
Section 3, regarding Power, Grounds,
Connectors and Pin Allocations.

with the requirements of the
Standard Signal Interfaces,

GIS, 1S20008501,
Test Points, and

[2] All electrical connectors shall be selected, sized, keyed, and/or marked such that incorrect
attachment to the mating comector is prevented. All connectors shall attach such that the
connectors cannot be inadvertently unlocked during ground operations.

3.1.2.2.2 MechaNcal Interfaces

[1] The Propulsion Subsystem shall comply with the requirements of the GIS, 1S20008501,
Section 4, regarding Coordinate Systems, Physical Characteristics, Design and
Construction, Mounting, Alignment, Dynamic Characteristics, Structural Criteria, and
Tooling. The Propulsion Subsystem coordinates shall be defined in the Propulsion Module
Assembly Dmwing, 20043126G1.
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Table L Functional Interfaces
(Internal and External)

PMEA

Input

Thmster Commands

Thruster Commands

Latch Valve Controls

Latch valve position
telemetry

Propettant Storage

Pro~Uant Loading

Pressurant Loading

Emergency Detanking

Pressure Measurement

Thermal Control

L,Vseparation signal

Component Temp

120V SIC Power

2gV Power

Source

PMEA vis BDU

PMEA via ACE

PMEA

Latch Vah’es

Propcttant tank

Ground equipment

Ground Equipment

Propellant tanks

Pressure Trmsducer

PMEA and HCE

Launch vehicle

‘thermistor

BDU

EPC

Activity

Provide attitude control and
orbital adjust mattewera

Produce attitude control
maneuvers

Isolate Half-system thrusters

Monitor open or closed atatuaof
latching valves

Store ropellant reqrrircdfbr
J’attitu e control maneuvers

Propellant ia loaded during ground
servicing

Subsystem is pressurized to MEOP
pressure

Emergency may require propellant
be remonved horn tanka

Monitors tank gas preasrmu

Control propulsion Subsystem
temperature

Prevents thruster firhsg prior to
separation

Temperature stahss of
componcnt$

120V apacecratl power to
propulsion Subsystem

28V power to ROpU1.SiOn
Subsystem Components

H/w or sn’v
(Designate Output Destination Mode

Which)

H/w Thrust from selected Thruster Coils All. exmpt aafdlrold
engines

H/w Thrust from actected ‘tluuster Coils Safe/Hold
ACS engirrea

H/w Puked 28V Power Latch Valve Coils AU

Hnv Passive Bikvel BDU Alt
Telemetry Signal

H/w

Hnv

H/w

H/W

H/w

H/W

H/w

w

H/w

H/w

Propellant to tanks

Prcsaurant gas

Propelhurt

Active analog
tckmetry sigml

2gV Heater power

PropeUant tanka Ground Servicing

Propellant tanks Ground Servicing

Ground support Equip Ground servicing

BIXr AU

Heaters Au

Separation signal

Passive Analog
Telemetry

120V

28V

PMEA Launch

J3DU AU

BDU and EPC’S AU

Rop Components AU
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[2]

[3]

[4]

[5]

[6]

[7]

c

The Propulsion Subsystem shall incorporate interfaces for external stimuli or simulators
where necessary for ground testing as defined in Section 4 herein.

The mounting brackets for the REA shall incorporate provisions for alignment so that
individual REAs can be aligned such that the thmst vectors lie within a cone of .15 degree
half-angle to the directions specikd on the Propulsion Module Assembly Drawing
20043 126G1 and Welded Assembly Drawing, 20008793. Also, all thrusters shall have
provisions for their positions to be varied by 1 inch to accommodate changes in the
Spacecraft CG position.

The appendages that am deployed will not interfere in the normal operation ofREAs and will
not be positioned so as to be damaged by the REA plumes.

The location of attitude control thxusters shall conform to the stayout zones identified in
Section 3.1.2.3 ofPS20008618 Propulsion Module Critical Item Development Specification
for EOS-AM Spacecraft.

Propulsion Subsystem fill and drain valves will be readily accessible.

Items requiring frequent access during I&T or other prelaunch operations shall be accessible
during I&T.

3.1.2.2.3 Thermal Interfaces

The Propulsion Subsystem shall comply with the requirements of the GIS, IS20008501, Section 5,
regarding Thexmal intetiaces, Environmental Flux Parameters, and Thermal Control Hardware.
The thermal control assembly will be enabled prior to launch and will remain enabled during all
subsequent mission phases. The thexmal control assembly &sign will include the protection of the
Propulsion components from heat generated by the REAs, and the temperature maintenance of all
Propulsion equipment, including but not limited to tanks, lines, valves, and the catalyst beds of the
monopropellant REAs. The thermal interface will be controlled through the PMEA. Heaters,
multilayer insulation blankets, and radiators will be used to meet the thermal control requirements.

3.1.2.2.4 PMEA Interfaces

3.1.2.2.4.1 BDU Interfaces

3.1.2.2.4.1.1 Thruster Commands and Telemetry

During each 1024 millisecond interval, the BDU shall transmit unique fm time serial command
messages for each thruster of the on-line set. The BDU will also provide a discrete Thruster Control
Execute (TCE) pulse during each 1024 ms interval on a standard digital interface as specifkd by
the GIS, PS20008501. If all commands are validated by the PMEA for that interval then actuation
of all selected thrusters occurs following receipt of the TCE pulse. PMEA thruster telemetry shall
include on/off status for each thruster and command integrity status. Command and telemetry
interfaces shall be as specifkd in the General Interface Spcciilcation (GIS), 1S20008501.
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3.1.2.2.4.1.2 Relay Drive Commands and Telemetry

A second BDU serial port is dedicated forPMEA ~lay drive commands and telemetry. Relay drive
commands will configtuc relays within the PMEA. The status of each PMEA relay shall be serially
telemetered to the BDU. Command and telemetry intetiaces shall be as spccilled in the General
Inttxface SpecKlcation (GIS), 1S20008501.

3.1.2.2.4.2 ACE Interfaces

The ACE shall transmit unique fm time command messages for each thruster of the on-line set on
a standard serial intetiace as spectiled in the GIS, 1S20008501. Thruster actuation will occur
following receipt of a fm command with the last word indicator set. The ACE will also provide
a logic level signal so that the PMEA will recognize the passage of the Spacecraft into Safe Hold
mode and accept fm command messages from the ACE only. The Safe Mode signal will be a
standard digital interface as spccitled by the GIS, 1S20008501.

3.L2.2.4.3 Separation Signal

The PMEA shall receive redundant feeds from separate pins in the Safe/Arm Plug. With the Safe
Plug installed, the PMEA shall be unable to switch 28 V power to any thruster coil. Withthe Arm
Plug installed the PMEA shall respond to commands to switch 28 V power to the thruster coils

3.1.2.2.4.4 28 V Power Interface

The PMEA shall receive multiple 28 V power and return feds from the FDB. Power shall be
switched on/off to PROPS components upon command. The 28 V interfaces include thruster coils,
catalyst bed heaters, pmssuze transducers, Heater Control Electronics (IKE@, heaters, and latch
valve coils (pulsed 28 V). Secondary power interfaces shall comply with the General Interface
Specification (GIS), 1S20008501.

3.1.2.2.5 Ground Servicing Equipment Interfaces

Propellant and pressumnt will be loaded and drained from the system, using a Propellant and
Pressurant Service Unit (PPSU) cart. Propulsion Subsystem temperature and pressure monitoring
capability will be provided and monitored throughout the ground processing period. Fluids entering
the wetted Propulsion Subsystem will be faltered to 2 microns absolute and connections between the
PPSU and the Propulsion Subsystem shall be made at the fdl and drain valves. Gasses entering the
Propulsion Subsystem will be filtered to 5 microns. All fill and drain valve cycle history will be
logged during ground operations and kept below 100 cycles per valve. The Propulsion Subsystem
shall be designed to use existing ground equipment to perform maintenance functions, wherever
practical, rather than requiring the design of new equipment. The Propulsion Subsystem shall
support prelaunch integration and checkout of the Propulsion Subsystem by incorporating interfaces
for external stimuli or simulators, where appropriate, and by performing status checks and executing
sample command loads. The Propulsion Subsystem interfaces shall be defined in 3.1.2 and
3.1.2.2.2.
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3.13 Major Component List

The major components of the Propulsion Subsystem shall be as listed in Table II.

‘lhble II. Major Components

S/S Component no. Major Function GFP/GLP

Propellant Tank 1 Propellant storage N

Propellant Filter 2 Filter propellant N

5 lbf REA 4 Orbit raising maneuver ~

1 Ibf REA 12 Attitude control N

Fill and Drain Valve 2 Load and Unload Propellant N

Pressure Transducer 1 Gauge tank pressure N

PMEA 2 Conf@ration/Fire Control N

3.2 Characteristics

3.2.1 Performance

3.2.1.1 Maximum Expected Operation Pressure

The maximum expected operating pressure of the tank shall be 400 psia.

3.2.1.2 Maximum Propellant Load

The maximumhydrazine propellant load that can be contained within the propulsion subsystem is
760 lbm.

3.2.1.3 Propellant Management

The propellant tank shall contain a Propellant Management Device (PMD) designed to provide
gas–free propellant to all REAs for all anticipated mission scenarios including maximum
deceleration and maximum lateral acceleration.

3.2.1.4 Propellant Gauging

The Propulsion module shall supportthe determinationof remainingpropellantquantitieswith an
accuracy of S% of tank capacity using a thermal mass gauging system.

3.2.1.5 Propellant Residuals

The Propulsion Module shall be designed for a maximum residual propellant capacity of 1.2% of
the tank capacity in the lines, valves, and tank.

DCC080503 14
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3.2.1.6 Propellant Loading

Propellant and pressurant will be capable of being loaded to the Propulsion Module using
Mechanical Aerospace Ground Equipment (MAGE) carts at the launch site. The wetted Propulsion
Subsystem will be capable of being vacuum loaded to an accuracy of 0.2% of the total load. The
propulsion subsystem shall be capable of being loaded in the Spacecraft horizontal with the +Z or
-Z axis in the vertical orientation and vertical positions.

3.2.1.7 Propellant Detanking

It shall be possible to offload propellant andpressurant while the Spacecraft is attached to the launch
vehicle and while the vehicle payload faring is in place. Additionally, it shall be possible to flush,
purge, and decontaminate the Propulsion Module at the WTR to ensure a non-hazardous condition
of the Propulsion Module for shipping. Following any off-load of propellant or propellant
simulants, the wetted Propulsion Subsystem will be capable of being decontaminated and dried
within seven days.

3.2.1.8 REA Performance

3.2.1.8.1 General

The REAs shall be capable of unrestricted, continuous or pulse-mode operation initiated either
on–board or by ground command throughout all phases of the mission. It shall be possible to restart
and operate any REA regardless of when or for how long that REA was last fixed.

3.2.1.8.2 REA Control

The Propulsion Subsystem shall provide means for selecting/deselecting each individual REA in
response to commands received via the C&DHS or, if in Safe Hold mode, the ACE. When an REA
is disabled, commands to fm that REA from any source shall be igno~d by the Propulsion
Subsystem.

3.2.1.82 REA Positioning

The position and orientation of the REAs shall be such that optimum performance is attained while
disturbances due to plume impingement, Spacecraft center of gravity shifts, and thrust
misalignments are minimized.

3.2.1.8.4 REA Performance Predictions

The flight performance mxyirements of the propulsion system such as thrust, minimum impulse bit,
speci.tic impulse, total impulse, cumulative impulse, and pulse centroi~ shall be predictable and
consistent with the assigned propellant budget and to meet the mission requirements. Prediction
requirements shall be evaluated assuming a single half-system failure and helium pressurant
saturated propellants.
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3.2.1.8.5 REA Speeific Impulse Requirements

The minimum specific impulse for the different REAs shall be:

5.0 lbf REA 215 S(X
1.0 lbf REA 215 WC*

* – in pulse mode with 50 ms pulse duration

3.2.1.8.6 REA Total Impulse Requirements

The total impulse provided by the Propulsion Subsystem shall be:

5.0 lbf REA >313000 lbf-sec
1.0 lbf REA >20000 lbf-sec

3.2.1.8.7 REA Firing Duration Requirements

The minimum maneuver duration shall be consistent with the minimum impulse requirement. The
longest out+f-plane delta-V maneuver shall not exceed 720 seconds for a 43.6 ftlsec, or21.8 fthec
fora half-system failure case, beginning-of-life (BOL) maneuver. The longest orbit adjust delta-V
maneuver shall not exceed 1800 seconds for a 74 fdsec change, or 37 ftisec change for a half-system
failure case, during boost.

3.2.1.8.8 REA Pulse Width Requirements

The minimum pulse width of the REAs shall be less than or equal to 0.016 seconds.

3.2.1.8.9 REA Pulse Count Requirements

The total pulse counts requtid for the Propulsion Subsystem REAs shall be:

5 Ibf It&% >100
1 lbf R&% >30000

The REAs shall be qualified for a pulse count 1.25 times the given values.

3.2.1.8.10 lZEA Throughput Requirements

The summation of the allocated qual~led throughput for each REAs shall be 1.25 times the
propellant load for the primary mode and 1.19 for the half system failure mode.

3.2.1.9 Propulsion Subsystem Leakage

The Propulsion Subsystem total leakage shall not exceed 50 sedhr of gaseous helium when it is
pressurized internally to the Maximum Operating Pressure (MOP). Exclusive of REA seat internal
leakage, the Propulsion Subsystem leakage shall not exceed 12 scdhr of gaseous helium. Leakage
past an individual fti and drain valve or REA valve shall not exceed 5 scelhr of gaseous helium.
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3.2.1.10 Proptilon Thermal Control Req*nK

Propulsion Subsystem wetted component temperatures will remain above the fkeezing point of
hydrazine propellant 12°C aud below +40°C. This will be accomplished by the use of propellant
manifold and REA valve and tank heaters and by the use of thermal blankets. Catalyst bed heaters
shall be incorporated on each REA to assure that REA perfonrtance and life requirements = met.
Catalyst bed heatem shall be turned on 30 minutes prior to thrusterftig. All propellant lines shall
be thermally isolated from the Spacecraft structure.

3.2.1.11 Wetted Propulsion Subsystem Pressure Dmp Requirements

The wetted Propulsion Subsystem shall be designed to minimize the pressure drop in any flow path
from the propellant storage tanks totheREAs andtominimhe the variation in pressure drop between
parallel flow paths. The pressure tips at the tank outlet shall not exceed 5 psid.

3.2.1.12 Wetted PropuMon Subsystem Fluid Compatibility

The wetted Propulsion Subsystem shall be compatible with the following fluids:

Hydrazine per MIL-P-26536C
Helium per MIL-P-27407
Nitrogen per MIbP-27401B

3.2.1.13 Acceleration

Maximum induced linear acceleration shall be less than 0.01 g’s for a Spacecraft dry mass equal to
or greater than 9000 lbs.

3.2.1 .13.1 Control Requirements

Control requirements shall be spectiled in Section 3.2.1.1.1 of the Propulsion Module Critical Item
Development Specification, PS20008618.

3.2.1.14 Command and Telemetry Support

3.2.1 .14.1 Telemetry

The Propulsion Subsystem shall incorporate temperature sensors, pressure transducers, and
isolation-valve status/position indicators as specKled in Appendix II. PMEA telemetry shall
include thruster fwe status and relay status as defined in Section 3.1.2.2.4 of this specitlcation.

3.2.1.14.2 Commandabtity

Commands shall be provided tcx enableklisable all Propulsion Subsystem electronic boxe~
enablekiisable arnddisann and fm all REAs; to opdclose all isolation valves to turn on/off the
pressure transduce~ to enablekiisable all tank, propellant line, and REA heaters; ovenide heater

17 DCC080593



PS20008617
OSAngust 1993

-

comman~, opdclose all REA valves as specifkd in Appendix I. Propulsion Subsystem REA
firings shall be commendable such that any subset of REA may be selected for ffig. The pulse
duration for each selected REA shall be individually commendable over the range of 16 to 1024 m
sec with a granularity of 8 msec. REA fuings shall be controlled with a duration accuracy of 0.5
msec and a duration repeatability of 0.25 msec.

There shall be no commands required to transition the Propulsion Subsystem from one mode to
another.

All commands shall come from each side of the redundant command module.

All commands m? listed in PS20008618, Propulsion Module Performance Specification.

Propulsion Subsystem and components shall be commendable to known states regardless of earlier
states and commands which have different functionality depending on current state (e.g., “toggle”
commands) shall not be permitted. Propulsion subsystem shall accept and execute commands to
override or inhibit the execution of automatic functions which may interfere with Spacecraft
opmtions or jeopardize the health of the Spacecraft. No single command to the Propulsion
Subsystem shall place the Spacecraft into a conilguration horn which it cannot recover. The
Propulsion Subsystem shaIl execute real-time commands within one second of receipt via the
command links.

3.2.1.15 Center of Gravity Movement Contribution

The Propulsion Subsystem propellant tank shall constrain the movement of the propellant center of
mass to 3.26 inches in the axial (-X) direction and 3.78 inches in the lateral (Y-Z plane) direction
for a full (760 lbm) propellant load.

3.2.2 Operational Modes

The subsystem operational modes are shown in Table III.

Table III. Subsystem Operational Modes

I II SPACECH MODE I
SUBSYSTEM Ground Stand- Science Delta-v Survival Safe

MODE Test by

Unloaded Mode x

Loaded Mode x x x x x

3.2.2.1 Unloaded Mode

In this mode the propellant tank contains no proplkmt and is pressurized to a blanket pressure of
80 psia or to 360 psia with gaseous helium. All latching valves wilI be in the open position except
during acceptance testing.

3.22.2 Loaded Mode

This mode occurs following propellant loading. Initially, 760 lbm (maximum) of propellant will
be contained within the tank decreasing to 7.6 lbm remaining at end of life. The propellant tank will
initially be pmsurized to 360 psia and this pressure will decrease throughout the Spacecraft life to
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90 psia. All latching valves will mnain open except for launch and in case of REA valve leakage.
All propulsion subsystem components are wetted with hydmzine propellant except for the
pressurant side of the propellant tank and the associated line and fti and drain valve which are
pressurized with gaseous nitrogen. The propellant tank does not have a safe mode. The propulsion
assembly will be activated shortly after separation and shall remain operational during all following
phases. The propulsion assembly design shall be compatible with the launch vehicle for elliptical
orbit insertion and will be functionally capable of ~conf@uration to support all Spacecraft
functions. The propulsion assembly shall be capable of providing, without restriction, the velocity
increments and control torques ~quired during all phases of the mission.

3.2.2.3 ‘Ihmsition Between Unloaded and Loaded Mode

Transition between the loaded and unloaded mode occurs at the launch site loading operation. In
this operation 760 lbm ofhydrazine propellant will be loaded into the propellant side of an evacuated
propellant tank. Propellant will wet the entire propulsion subsystem except for electronic boxes,
harness, and the pressurant side of the propellant tank and associated lines and fti and drain valve.
This pressurant side of the propulsion subsystem will be pressurized to 360 psia with gaseous
helium.

3.2.3 Physical Characteristics

3.2.3.1 Mass

The dry mass of the Propulsion Subsystem shall not exceed 130.0 Ibs. The centeraf-mass, products
of inertia, and mass estimate accuracies shall be as defined in Section 4 of the GIS, 1S20008501.

3.2.3.2 Durability

[1] The Propulsion Subsystem shall be made up only of materials and components capable of
withstanding the environmental conditions specifkd in Section 3.2.7 without evidence of
damage as defined below.

[2] The Propulsion Subsystem shall also be capable of withstanding, without evidence of
physical damage (as defmcd below), any wear due to the functioning of the system.

[3] Damage shall be considered to be any change in the Propulsion Subsystem or components
which may degrade subsystem performance to levels below those spectiled herein.

[4] The Propulsion Subsystem shall be capable of meeting all operational requirements as
spec~led herein, in the environments specifkd in 3.2.7.3 and 3.2.7.4, for the duration of five
years on orbit.

3.2.3.3 Layout and Dimensions

[1] The Propulsion Subsystem layout and

[2] maximum component dimensions shall be in accordance with RCS Welded Assembly,
20008792; PM Structure/Welded Assembly, 20008793; Latching Valve, ICD20039929;
Propellant Filter, ICD20044159; 5.0 lbf REA, ICD3268395; 1.0 lbf REA, ICD20038078;
Low Pressure ‘llansducer, ICD2308 188;Propellant Tank, ICD20001402; Low Pressure Fill
and Drain Valve, ICD 20042088.
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3.23.4 Maintainability Impact on Design

[1] To the extent practical, the Propulsion Subsystem shall facilitate maintenance by being
functionally, mechanically, and electrically independent fkom all other Spacecraft elements
except as stated in Section 3.1.2.2 herein

[2] and by being modular to the extent that all components are identical but as some components
are welded into the system they cannot be replaced when elecrncal boxes are on the
Spacecraft.

[3] The Propulsion Subsystem shall be designed to use existing ground support equipment
(GSE), wherever practical, rather than requiring the design of new equipment.

3.23.5 Handling Features

The Propulsion Subsystem and/or GSE designs shall include handling features which reduce the
likelihood of damage to any flight equipment.

3.2.4 Power Characteristk

The Propulsion Subsystem shall operate per the performance requirements speciiied herein when
supplied power as specfled in Section 3 of the GIS, 1S20008501. Power will be supplied to the
Propulsion subsystem prior to, during and following launch.

3.23 Power Usage

The Propulsion Subsystem shall draw power only within the bounds indicated in Table IV.

Table IV. Power Resource Allocation

Maximum Average (W)

Ground Test 31.0

Survival 25.0

Delta-V 166.0

Standby 25.0

Science 2.0

Safe 28.0

These powers are orbit maximum average, based on End of Life

3.2.6 Reliability

[1) The probabilityof mission success (I%) for the Propulsion Subsystem shall be at least 0.99
for a five-year mission life. Mission success is defined as meeting all the performance
criteria specfled in Section 3.2.
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[2] The Propulsion Subsystem reliability program shall comply with the requirements of the
PAR, GSFC 42(M15-02.

3.2.6.1 Storage Restrictions

No Propulsion Subsystem components shall require change out during the 5 year storage life of the
Spacecraft.

3.2.6.2 Vulnerability Factors

The following steps shall be taken to reduce Propulsion Subsystem vulnerability to damage:

Vulnerability Protective Measure

propellant tankpuncture CognizantI&T

REA damage REA covers

Overpressurization Relief valves on all ground servicing equipment

Disconnection of electrical devices Connector labeling, orientation, and keying

3.2.6.3 Failure Tolerance

[1] The Propulsion Subsystem shall be tolerant of any single, credible, had failure including
a failure in the EAS harness servicing the Propulsion Subsystem.

[2) No failure shall induce any other failure.

[3] After any single Propulsion Subsystem failure, the Propulsion Subsystem shall continue to
provide all services identi.iied in paragraph 3.2.1 without any interruptions which may
threaten the survival of any Spacecraft component or instrument.

[4] Failures which threaten Spacecraft survival shall be detectable.

3.2.6.4 Failure Propagation Restrictions

[1] No single failure shall cause loss of a redundant functional path for any critical function,

[2] nor shall any event causing the loss of any critical or noncritical functional path result in
loss of the alternate or redundant path.

[3] The Propulsion Subsystem shall ensure that no instrument or component failures may
propagate failures to other Spacecraft elements. This shall be accomplished by the use of
redundant half systems each of which can perform the mission.

3.2.7 Environmental Conditions

[1) The Propulsion Subsystem components shall remain undamaged during

[2] and following exposure to the Protoflight environmental test levels corresponding to the
ambient environments defined in the GIS, 1S20008501 Section 6.

[3] The Propulsion Subsystem and its components shall remah undamaged during

21 DCC080593



PS20008617
OSAugust 1993

=

[4] and following exposure to the acceptance environmental test levels corresponding to the
ambient environments defined in the GIS, 1S20008501 Section 6.

[5] Test levels shall be as defined in the Verification Specification, PS20005404. Propellant
tank vibration levels will be determined by a modal analysis.

[6] Damage shall be as defined in Section 3.2.32.

[7] Where practical, the Propulsion Subsystem shall not impose opemtional constraints due to
natural environment conditions during checkout, launch, and on-orbit operations.

3.2.7.1 Storage, Integration and Test

The Propulsion Subsystem shall be capable of being held for testing or stomge for the period defined
in the GIS, 1S20008501 Section 6, under the pre-launch conditions stated them for [1] themml, [2]
contamination, [3] humidity, and [4] electromagnetic interference (EMI), without suffering any
damage as defined above.

3.2.7.2 Shipment

The Propulsion Subsystem shall comply with the following transportation environmental
requirements as defined in the GIS, 1S20008501 Section 6: [1] thermal, [2] contamination, [3]
humidity, [4] EMI, [5] loads, and [6] shock. The Spacecraft is assumed to be horizontal for all flight
transportation and either horizontal or vertical for all ground vehicle transportation.

3.2.7.3 Launch

The Propulsion Subsystem shall comply with tie following launch environmental requirements as
defined in the GIS, 1S20008501 Section 6: [1] thermal, [2] contamination, [3) Radiated RF, [4]
EMI, [5] loads, [6] shock, and [7] pressure [8] acoustic vibration, [9] lightning and [10] cosmic ray.
The Propulsion Subsystem will meet all range safety requirements of the WesternTestRange (WTR)
given in WSMCR 127-1 without exception. Additionally, the Propulsion Subsystem will not
require any type of launch waiver to meet WTR safety requirements.

3.2.7.4 On~rbit

The Propulsion Subsystem shall comply with the following on-orbit environmental requirements
as defined in the GIS, 1S20008501 Sections 5 and 6: [1] thermal, [2] contamination, [3] pressure,
[4] EMI, [5] loads, [6] shock, [7] orbital debris, [8] micrometeoroids, [9] vibration, [10] charged
particle, [11] atomic oxygen, [12] magnetic, and [13] electrostatic discharge.

3.2.7.5 Electromagnetic Radiation

[1] The Propulsion Subsystem shall be compatible with its specfled operating environment and
meet the requirements for the Spacecraft, as specified by the EMC Control Plan,
PN20005869.

[2] The Propulsion Subsystem and its components shall comply with the ionizhg radmtion
&sign requ~ments specilled in the GIS, 1S20008501, Section 6.

‘“\
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[3] Propulsion Subsystem hardwm shall be immune to latch-up from single event upsets
induced by cosmic rays. If this immunity is not possible, the Spacecraft hardware shall also
be capable of withstanding single event upsets and transients induced by the singular or
combined effects of cosmic rays, solar flaxes and geomagnetically trapped protons in the
Spacecraft mission environment.

33 Design and Construction

3.3.1 Material, processes Par@ and Fhishes

All materials,manufacturingprocesses, partsandfinishes shall be selected in accordancewith the
corresponding requirements in Section 4 of the GIS, 1S20008501and those ident~ledin the Program
Approved Materials and Process Lis~ MM 20008650.. Materials shall be selected on the basis of
natural and induced environments compatibility, functional acceptability and suitability, extended
life characteristics, technological maturity, manufacturability, inspectability, contamination
characteristics, spectlc strength, mutual compatibility, availability, cost, and safety.

3.3.1.1 Cleanliness

All wetted Propulsion Subsystem surfaces in contact with the operating propellant, with the
exception of those in the thrust chamber, shall meet the cleanliness requirements of 2280784 Class
D; metal particles larger than 50 microns shall not be permitted. Component and system assembly
and testing shall be performed in an environment with suitable preparations to insure the required
level of cleanliness is maintained. The feed system shall be pressurized at all times following final
assembly with a minimum of 15 psig blanket prtssure to preclude

3.3.1.2 Contamination

Contamination of Spacecraft surfaces by the use of the Propulsion
REA locations and duty cycles shall be adjusted to minimize
mechanical barriers may be employed where necessary.

3.3.1.3 Materials

entry of contaminants.

Subsystem shall be minimized.
surface contamination. Also,

The wetted Propulsion Subsystem shall be fabricated with materials that are compatible with
hydmzine. All critical materials used in the fabrication of each component shall be specitled on the
appropriate drawings. Values for allowable mechanical properties of structural materials in their
design environments shall be taken from MIL-HDBK-5E.

3.3.2 Nameplates and Product Marking

All Propulsion Subsystem elements shall be labeled in accordance with the GIS, 1S20008501,
Section 4.

3.3.2.1 Non-Flight Equipment Marking

Equipment not suitable for flight use shall be marked appropriately to prevent accidental
substitution.
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3.32.2 Identifiabfity of W-, Cable and Fluid Lirws

Ww bundles, cables, and fluid lines shall be functionally identilable at each end and at least every
5 meters.

3.3.2.3 Labeling of Test and Adjustment Points

All test points, adjustment devices, and alignment points shall be labeled for positive identification.

3.3.2.4 Design/Marking for Orientation

The proper orientation for placing items in storage or transportation containem shall be obvious by
design or marking.

3.383 Workmanship

Workmanship during fabrication of the Propulsion Subsystem electrical components shall be in
accordance with NASA standards as specifkl in NHB 5300.4 (3A, 3G-3K).

3.3.4 Interchangeability

Propulsion Subsystem elements shall be interchangeable as defined in Section 4 of the GIS,
1S20008501. Following installation of electrical boxes to the Propulsion Module no weMing on the
Propulsion Subsystem may occur limiting interchangeability of some components. Items of
identical or similar form which have d.iffemmtfunctional characteristics shall be readily identilable
and distinguishable through marking or other means.

3.3.5 Safety

Measunx for persomel safety shall be taken in all phases of the design, manufacturing, and testing
in order to ensure personnel safety in accordance with WSMCR 127-1. The design shall meet the
factors of safety presented in Section 4 of the GIS, 1S20008501.

The Propulsion Subsystem shall meet the requirements of the Safety Section of the Product
Assurance Implementation Plan (PAW), 20005397, with no exceptions.

3.3.5.1 General

Where practical, hazards shall be eliminated or removed through appropriate design measums.
Hazards which cannot be eliminated or removed shall, where practical, be prevented through
incorporation and use of safety devices or features. Remaining hazards shall be controlled through
the use of warning devices andhr special procedures.

3.3.5.2 Automatic Hazard Detection and Safing

Automated detection and sa.fhg of hazards which may cause personnel injury or loss of the
Spacecraft shall be independent of those subsystems being monitored Where practical, the
detection and safiig of lesser hazards shall also follow this practice.
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303.s93 Safety Interlock Mec~ echniques

The Spacecraft Bus shall incorporate safety interlock mechanisms, implemented in hardware
software to prevent the execution of predefmed commands which are potentially hazardous
personnel or to the Spacecraft without prior confirmation or arming by ground operators.

3.30s.4 Power Exclusion Rules

or
to

REAs will not receive powerunless Spacecraft separation from the launch vehicle has occurred, they
ZR enabled, armed and fd. Three unique commands shall be required to energize any latch valve
coil.

3.305.5 Liquids and Gasses

The design of subsystems and components which utilize liquids or gasses shall preclude hazards due
to the release of such fluids during maintenance operations.

3.3.S.6 Pressurized Vessels

The Propulsion Subsystem includes the following pressurized elements, each of which shall be
designed to include the pnxmrized equipment factors of safety specified in Section 4 of the GIS,
1S20008501: Propellant tank, Fill and Drain valves, Latching valves, Pmsure transducer,
Propellant falter, 1.0 lbf REA, 5.0 lbf REA, and Propellant tubing.

3.4 Documentation

3.4.1 Specifications

All parent and component specs associated with this spec are shown in the EOS-AM Spacecraft
Specification llee, 20008536.

3.4.2 Drawings

a. Welded Assembly PM

b. PM Structural Welded Assembly

3.43 Technical Manuals

20008792

20008793

None

3.4.4 Test plans

a. Propulsion

3.405 Procedures

a. Propulsion

Subsystem Test Plan

Module Pressure Test Procedure

PN20008618

TP-AT-20008618
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b. Propulsion Module Electrical Functional Check TP-FI’E-20008618

c. Propulsion Subsystem Loading Procedure TP-LOA-20008618

d. Propulsion Subsystem Emexgency Detanking Procedure TP-OFF-20008618

e. Propulsion Module Leak Test Procedure TP-LK-20008618

3.4.6 Installation Instructions

a. I%opulsion Subsystem FPR FPR-20008618

b. Propulsion Subsystem Electrical Integration TP-EIC-20008618

c. Propulsion Subsystem Harness Installation 20038247

3.4.7 Software Documentation

There is no softwa.m in the Propulsion Subsystem.

3.4.8 Operational Requirements Documentation

All operational requ~ments and constraints shall be documented in the Ground System
Requirements Database (20008655).

305 Logistics

3.5.1 Maintenance

The Propulsion Subsystem shall be designed to ~quire no mechanical or electrical maintenance
after testing.

3.6 Precedence

3.6.1 Precedence of Design Criteria

Propulsion Subsystem design decisions shall be made to accommodate the following design criteria
in the following order of precedence:

a. Safety

b. Performance

c. Reliability

d. Cost

3.6.2 Documentation Precedence

If conflicts arise between documents, the Propulsion Subsystem shall adhere to design requirements
as stated in the document nearest the top of the following list of requirement documents. The
General Interface Spectlcation (GIS) is applicable to the Propulsion Subsystem design only as
invoked herein and is therefore not included in the following list
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a. Requirements Document (I@

b. Product Assurance Requirements for the EOS Observatories (PAR)

c. Unique Instrument Interface Document

d. General Instrument Interface Specification (GIIS)

e. Contract End Item (CEI) Specification

f. External Intetiace Control Documents (ICDs) (e.g., EOS to Launch Vehicle, EOS to
TDRSS, etc)

g. Subsystem and Major Assembly Speci.tlcations

h. Component Specifications

3.7 Major Component Charactetilcs

3.7.1 Allocations

The Propulsion Subsystem components shall be designed to levels at or below the allocations shown
in Table V for science mode.
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Table V. Propulsion Sub@em A.Uoeatio

Component Size Mass Power
science
mode

(lxwxh) (lb) (Watts)
#

PropellantTank 33.8x40.6 76 N/A

Fill and Drain Valves 2.9x1 .9 OD 054 NIA

Latch Valve 4.7x1 .8x3.2 1.48 0

Pru)ellant Filter 4.3x1.4 OD 0.80 NIA

PIwsure Transducer 4.8x1.25 OD 0.60 05

Manifold Tubing N/A 3.0 N/A

5 lbf REA 7.5x2.5 OD 5.8 0

1 Ibf REA 6.6x1 .5 C)D 720 0

Propulsion Mcdule Electrical Assembly 8.8x9.3x8.5 31.4 0.0

Total 123.8 0.5

Allocation 130.0 40W

?

supply Reli-
ability

=+=

N/A 0.9999

28 0.9999

N/A 0.9989

28 0.9990

=E
NIA 0.9978

28 0.9948

28 0.9948

28 0.9344

0.99

0.99

3.702 Flight Hardware Component Characteristics

3.702.1 Propellant Tank Characteristics

3.72.1.1 Propellant Tank Definition

The propellant tank is a all titanium spheroid shell containing a AFE-322 elastomer diaphragm
propellant mariagement device. The propellant tank shall be loaded with 760 lbm of hydrazine
propellant through the outlet port of the tank and pressurized with gaseous helium through the tank
pressurization port. During the mission the tank shaIl supply pressurant gas free propellant to the
subsystem at a pressure varying from 400 psi at BOL to a minimum of 90 psia at EOL and at a
maximum flow rate of 0.9 lbmhec and a temperature range ffom +12°C to 40”C. The propellant
tank shall be able to be offloaded in either the horizontal or vertical Spacecraft positions. The
propellant tank shall reeeive no power or commands and shall not generate telemetry. Propellant
tank mass and reliability are given in Table V. Propellant tank location shall be given in the drawing
Welded Assembly PM, 20008792. These requirements shall be meet following the environmental
conditions as specKled in the Veritlcation Spectilcation PS20005404.

3.72.1.2 Propellant Tank Stiffness Requirements

The propellanttankshall have a frequency less than40 Hz.
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3.7s2.13 Propellant Tank Modes

The propellant tank will have two modes: loaded and unloaded. During the unloaded mode, the tank
will be pressurized to 80 psia with either gaseous nitrogen or helium except during propellant
loading when the tank will be evacuated. All acceptance tests for the subsystem and Spacecraft will
be performed in the unloaded mode. Loading will occur at the latest possible time during the launch
site procedunx.

3.72.1.4 Propellant Tank Performance

The propellant tank shall meet the following performance nx@rements:

OperatingPressure 400 psia
Roof Pressure 500 psia
Bum preSSUre 600 psia
Operating Temperature 12- 40°c
Internal Volume 28144 in3

3.7.2.2 F~ and Drain Valve Characteristics

3.72.2.1 Fill and Drain Valve Definition

The titanium alloy Fill and Drain valve shall be used to access the Propulsion Subsystem to load and
detank propellant and pressurize and repressurize. Each Fill and Drain valve shall have a dual
redundant seal to prevent leakage of propellant or pressurizing gas. The fmt seal shall have a metal
to metal and the second seal is a EPR Parker 515-80 o-ring of material. The fti and drain valve
shall have a threaded connector that is mated to by the ground sexvici.ngequipment. Each valve shall
be open or closed by the use of a nut on the valve body. The closing nut shall be torqued to 60+5
in-lbs, the AN cap shall be torqued to 65 +5 in-lbs, and the outer cap shall be torqued to 9(M5in-lbs.
The number of opdclosed cycles shall not be water than 100. Following loading the nut shall be
lockwired closed. The fti and drain valve shall have no power or command inputs and no telemetry
output. Fill and Drain Vii.lvemass and reliability shall be as given in Table V. Fill and drain valve
locations shall be given in the drawing Welded Assembly PM, 20008792. These requirements shall
be meet following the environmental conditions as specfled in the Veri13cationSpecitlcation,
PS20005404.

3.7.2.2.2 Fill and Drain Valve Modes

The f~ and drain valve will only be operated during the ground servicing phase of the Spacecraft.
Jn all other phases the f~ and drain valve shall be closed and lockwired.

3.7.2.23 FW and Drain Valve Performance

The fdl and drain valve shall meet the following performance requirements:

OperatingPressure
Proof Pressure
Burst ~SSUK?

Ope~ting Temperature

400 psia
600 psia
800 psia
12-40°c
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3.72.3 Latching Valve Characteristics

3.702.3.1 Latching Valve Definition

The latching valve shall have a titanium alloy body and a TEFLON &ring seat. The latch valve
shall be used to control the flow of propellant to the REAs. The latch valve shall have redundant
open and close coils. The valve will open or close in response to a 55 msec i5 msec pulse at 28 V
MI.56 V on the nxpcctive coil. The valve shall draw at most 1amp at 12°C and 28 Vdc. Each latch
valve shall have a position indicator that supplies telemetry with the latch valve’s operdclosed status.
Latch valve mass, reliability and power shall be given in Table V. Latch valve locations shall be
given in the drawing Welded Assembly PM, 20008792. These requkments shall be meet following
the environmental conditions as specified in the Vetilcation SPe@lcation, PS20005404.

3.7.2.3.2 htch Valve Modes

The latch valve shall can be operated in all modes of the Spacecraft. The latch valve will be left in
the open position except during acceptance testing when the leakage across the seat shall be tested
and on-orbit in case of a REA valve leakage.

3.7.2.3.3 Latch Valve Performance

The latch valve shall meet the following performance requi.rementx

Opemirlg pressure 400 psia
Proof Pressure 600 psia
Burst Pressure 800 psia
Operating Tempemture 12-40°c
Response Time 55 M msec
Operating Voltage 28 V fi~O

3.72.4 Propellant Filter Characteristics

3.7.2.4.1 Propellant Filter Definition

The filter shall bean all titanium alloy construction using a stacked disk configuration to filter from
the propellant all particles larger than 15 microns. The propellant falter shall have no power or
command inputs and no telemetry output. Propellant falter mass and reliability shall be given in
Table V. Propellant falter locations shall be given in the drawing Welded Assembly PM, 20008792.
These requirements shall be meet following the environmental conditions as speci.t3ed in the
Verification Spcci.tlcation, PS20005404.

3.72.4.2 Propellant Filter Modes

The propellant falter will not operate during the ground phase but only when the Spacecraft is on
orbit when propellant flows from the propellant tank to the REAs.
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3.72.43 Propellant Falter Performance

The propellant falter shall meet the following performartce requirements:

Operating pressure 400 psia
Proof Pressure 600 psia
Burst Pressure 800 psia
Filtmtion Level 15 microns
Particulate Capacity (TBS-1) grams

3.7.2.5 Pressure Transducer Characteristics

3.7.2.5.1 Pressure ‘Ihmsducer Definition

The pressure transducer shall be used to monitor the propellant or gas pressure near the tank outlet.
The pressure transducer shall use a diaphragm and strain gage to produce a linear voltage output for
the different pressures. The output from the pressure transducer shall be used for the pressure
telemetry. Pressure transducer mass and reliability shall be given in Table V. Pnxsure transducer
locations shall be given in the drawing Welded Assembly PM, 20008792. These requirements shall
be meet following the environmental conditions as specifkd in the Veriilcation Spcciilcation,
PS20005404.

3.72.5.2 Pressure ‘Ikrmsducer Modes

The pressure transducer will operate in all Spacecraft modes. During Propulsion Subsystem
acceptance testing the pressure transducer voltage shall be calibrated using ground support
equipment. On+%it the pnxure transducer shall be on at all times.

3.7.2.5.3 Pressure lkansducer Performance

The pressure transducer shall meet the following performance requirements:

Operating Pressure 400 psia
Proof Pressure 600 psia
Burst Pressure 800 psia
Output Voltage Range 0-5 volts
Accuracy H% (of full scale)
Input Voltage Range 28 V ti%

3.7.2.6 Manifold ‘lhbhg Performance

3.7.2.6.1 Manifold ‘lhbing Definition

Manifold tubing shall be used to connect all the wetted components together and to conduct fluid
and pressurant gasfiom the fill and drain valves to the tank and propellant from the tank to the REAs.
The tube shall be composed of either titanium 6AMV alloy or 304L stainless steel. The tubing shall
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be 0.25 inches in outside diameter with a wall thickness of .016 inches. The manifold tubing shall
have no power or command inputs and no telemeny output. Manifold tubing mass and reliability
shall be given in Table V. Manifold tubing locations shall be given in the drawing Welded Assembly
PM, 20008792. These requirements shall be meet following the environmental conditions as
speci.fkd in the Vetilcation Specification, PS20005404

3.7.2.6.2 Manifold ‘Ibbing Modes

The manifold tubing shall operate in all Spacecraft modes.

3.7.2.63 Manifold lhbing Performance

The manifold tubing shall meet the following performance requirements:

Operating Pressure 400 psia
Proof Pressure 800 psia
Burst Pressure 1600 psia

3.7.2.7 5 lbf REA Characteristics

3.7.2.7.1 5 lbf REA Definition

The 5 Ibf REA shall be used to provide thrust for drag make-up and orbit adjust maneuvers. Thrust
shall be provided by flowing propellant over a catalyst bed that decomposed the hydrazine into
nitrogen, hydrogen and ammonia gas which flows out of the REA through a nozzle. Propellant flow
shall be controlled by a series redundant solenoid valve. Heaters shall be mounted to the catalyst
bed by the REA vendor. The catalyst bed temperature shall be greater than 200”C prior to ftig to
prevent thermal shock and damage to the catalyst grains. A thermocouple shall be also mounted to
the catalyst bed to monitor its temperature which is supplied to teleme~. A heater shall be mounted
to the solenoid valve to prevent propellant from freezing. The solenoid valve shall be activated when
the 28 V bus applied from the PMEA. The 5 lbf REA power, mass and reliability shall be given in
Table V. The 5 lbf REA locations shall be given in the drawing Welded Assembly PM, 20008792
and Mechanical Interface Control Drawing MICD20008618. These requirements shall be meet
following the environmental conditions as specified in the Verification Specification, PS20005404.
The thruster assembly shall be capable of successful restart and continued operation within
specification requirements at all valve and thrust chamber temperatures which might result from
thermal soak back after any operation during the mission. Each REA shall be capable of satisfactory
extended operation with saturated propellants over the supply pmsure range form the maximum
expected propellant supply absolute pressure plus 10% to 80% of the minimum predicted
end-of-life propellant supply absolute pressure without pexmanent performance degradation.
These margins shall be demonstrated as part of the component quali.tlcation test.

3.7.2.7.2 5 Ibf REA Modes

The 5 lbf REA will be used in the delta-V mode. During ground operations the individual valves
will be leak tested and flow tested. On orbit the REA will be used to provide thrust.

DCC080503 32



PS20008617
OSAugust1993

=

3.72.73 5 lbf R.EA Performance

The manifold tubing shall meet the following performance requirements:

Coil Resistance
Operating Pressure
proof Pressure
Burst Pressure
Pressure Range
Thrust Range
Specific Impulse Range
Duty Cycles
Throughput
Valve Leakage
Operating Voltage

62 -69S2 at 21.l°C
400 psia
800 psia
1600 psia
400-90 psia
5.0 to 2.3 lbf
228 to 219 sec
Continuous
455 lbm
3 scc/hr of GHe at MOP
28 V fi’%0

The three sigma variation in (BOL) steady-state thrust among the REAs of this subsystem shall not
exceed i5% under identical propellant supply conditions.

3.7.2.8 1 Ibf REA Characteristics

3.7.2.8.1 1 lbf REA Definition

The 1 lbf REA shall be used to provide thrust for attitude control maneuvers. Thrust shall be
provided by flowing propellant over a catalyst bed that decomposed the hydrazine into nitrogen,
hydrogen and ammonia gas which flows out of the REA through a nozzle. Propellant flow shall be
controlled by a series redundant solenoid valve. Heaters shall be mounted to thecatalystbed by the
component vendor. The catalyst bed temperature shall be greater than 200°C prior to ffig to
prevent thermal shock and damage to the catalyst grains. A thermocouple shall be mounted to the
catalyst bed to monitor its temperature which is supplied to telemetry. A heater shall be mounted
to the solenoid valve to prevent propellant from freezing. The solenoid valve shall be activated when
the 28 V bus is applied from the PMEA. The 1 lbf REA power, mass and reliability shall be given
in Table V. 1 lbf REA locations shall be given in the drawing Welded Assembly PM, 20008792.
These requirements shall be meet following the environmental conditions as speciiled in the
Verification Speeitlcation,PS20005404. The thruster assembly shall be capable of successful Estart
and continued operation within spectilcation requirements at all valve and thrust chamber
temperatures which might result from thermal soak back after any operation during the mission.
Each REA shall be capable of satisfactory extended operation with saturated propellants over the
supply pressure range from the maximum expected propellant supply absolute pressure plus 10’3Io
to 8090 of the minimum pmlicted entif-life propellant supply absolute pressure without
permanent performance degradation. These margins shall be demonstmtedas part of the component
quaMcation test.
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3.7282 1 lbf REA Modes

The 1lbf REA will be used in all Spacecraft modes, except science mode. Duxingground operations
the individual valves W-Wbe leak tested and flow tested. On orbit the REAs will be used to provide
thrust.

3.702,893 1 lbf REA Performance

The 1 lbf REA shall meet the following performance requirements:

Input Power (Both Coils)
Operating Pressure
Proof Pressure
Burst Pressure
Pressure Range
Thrust Range
Specific Impulse Range
Minimum Duty Cycle
Maximum Duty Cycle
Throughput
Valve Leakage
Operating Voltage

10 w (mm)
400 psia
800 psia
1600 psia
400-90 psia
1.20 to 0.30 Ibf
229 to 226 sec
48 ms on/976 ms”off
Continuous
92.04 lbm
3 scc/hr of GHe at MOP
28 V S%

The three sigma variation in (BOL) steady-state thrust among the REAs of this subsystem shall not
exceed M% under identical propellant supply conditions.

3.7.2.9 PMEA Characteristics

3.702.9.1 PMEA Definition

The PMEA shall house the electronics required to generate individual fue timing for each REA,
enable and arm each REA, operate fuel line latch valves, control REA chamber valve heaters bd
switch pressure transducers on or off for one half system.

3.7.2.9.2 PMEA Commanding

ThePMEA shall be capable of accepting relay drive or serial message commands from the Bus Data
Unit (BDU). It shall also accept and execute 16 bit serial fire commands on a separate YO channel
from either the BDU or, if in Safe Hold mode, from the Attitu& Control Electronics (ACE). FR
commands may originate in the ACE, on the ground, or in the flight software. The PMEA will
execute thruster commands following receipt of the Thruster Command Execute pulse from the
BDU. ACE thruster commands will execute upon receipt of a last word indicator in the serial
command. The ACE will generate a signal to the PMEA to define when the GN&C subsystem is
in safe mode. Commanding of the PMEA relative to Spacecmft mode is shown in Table VI.
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Table VI. Operation of PMEA

Function Spacecraft Computer Safe Hold
Mode or Ground Mode

1

Accept REA Fire Commands from BDU Enabled Inhibited

Accept REA Fire Commands from ACE Inhibited Enabled

Serial Housekeeping Telemetry to BDU Enabled Enabled

Enable/Arm REAs Commands from BDU Enabled Enabled

HCE Commands from BDU Enabled Enabled

Pressure Transducer On/Off Commands from BDU Enabled Enabled

EPC On/W Control via BDU Enabled Enabled

PMEA On/Off Control via BDU Enabled Enabled

3.7.2.9.3 PMEA Safe Mode Commanding

The PMEA shall await ground intervention in response to safe mode operation if the PMEA is not
configured for REA actuation and the GN&C requires REA ffig for momentum unloading or
attitude control. The PMEA shall inhibit execution of SCC f~e commands while the Safe Hold
signal is asserted and accept them once the Safe Hold signal is reasserted. In the event that the safe
hold signal is asserted by faul~ recove~ requires switching over to the redundant ACE.

3.7.2.9.4 PMEA Telemetry

PMEA telemetfy shall be transmitted to the BDU on two sepamte serial interfaces. The thruster
control telemetry interface will provide odoff status for each thruster and also will provide
command integrity status. The relay drive telemetry interface will provide position status of all
PMEA relays and separation signal status.

3.7.2.10 EPC Characteristics

3.7.2.10.1 EPC Definition

The Electrical Power Conditioners shall receive primary and redundant 120 V fused power and
return feeds from the 120V fuse distribution boxes. Electrical isolation shall be maintained between
the redundant feeds. The EPC’s outputs shall interface directly to the 28 V FDBs before being
distributed to propulsion module components.

Each EPC shall provide discrete telemetry regarding health and status.

3.703 Flight Software Component Characteristics

The Propulsion Subsystem has no software requirements.

3.8 Personnel and ‘hair@

The trainingof personnel for the EOS-AM mission shall be done in accordance with the Training
Plan, M.M20008622.
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4 QUALITY ASSURANCE PROVISIONS

The requirements for the formal vetilcation of the performance, design, and construction of the
Propulsion Subsystem shall be as spec~led in this section. These requirements define the extent to
which the Propulsion Subsystem must demonstrate capability to meet the design and performance
requirements specifkd in Sections 3.2 and 3.3 of this document.

4.1 PmpuMon Subsystem Verification

Veriilcationof eachSection 3.2 and3.3 requirementshallbeperformedas defmedin theVetilcation
Matrix,AttachmentA, supplied underseparatecover.

4.1.1 Verification Phases

Phases shall be either Acceptance or Qualiilcation as defined in PS2005404.

4.1.2 Verification Methods

The following methods shall be used as appropriate to verify each of the requirements in Section 3.2
and 3.3: Demonstration, Test, Analysis, and/or Inspection. Each method shall be as defined in
PS20005404.

4.13 Responsibility for Verification

MM-ASD shall verify each requirement specifkd in Section 3.2 and 3.3 of this document.
Spectlcally the Propulsion Subsystem engineer, component designers and subcontractsupport
engineers shall assume dhect responsibility. EachPropulsioncomponentengineer shall develop a
verification plan that supportsthe PropulsionSubsystem plan.

4.1.4 Verification Conditions

Each Propulsion component shall be exposed to verification conditions which represent those
environments encountered throughout the ground phase and flight mission. The environmental
condhions and levels of exposure m defined in the Vefilcation Speciilcation, PS20005404,
Section 4.

4.2 Testing

4.2.1 Reliability testing

Reliability vefllcation shall form a major part of the Propulsion vefilcation program.
Requirements and nxponsibility for reliability veriilcation are found in Section 7, Design Assurance
and Reliability Plan, of the PAIP, 20005397. All test data is to be collected, documented and used
in support of the EPS reliability analysis conducted by Reliability Engineering. All testing shall be
performed within the guidelines of the System Safety Plan outlined in Section 4 of the PAIP,
20005397.
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4.2.2 Engineering evaluation and test requirements

4.23.1 T&ii~OWS

Detailed test flows shall be generated for each propulsion component. Tests shall be identifkd in
the test flow with traceability to the particular requirement being vefiled in the applicable
performance specillcation. Figure 3 is a typical component verillcation flow diagram which shall
be used as abasis to develop detailed component vefllcation flow diagrams. The Propulsion overall
vefilcation flow diagram is shown in PN20008618.

Board and Component Functional
Subassembly w Assembly * Test, Set Up

, Test and Button Up

r
Comprehensive Strength

“Performance D ‘ EMC Test * “ Test

Test (If Required)
●

.

L ‘~~~m Functional Thermal Cycle
D ‘ Test * ●or

Vibration Thermal Vacuum
+ 1 > (Minimum 8 Cycles)

Comprehensive Mass
a“Performance @ Properties ~ Delivery

Test

~lgure 3. Component Verification Flow Diagram

4.2.2.2 Performance Tests

The Propulsion Subsystem and its components shall be subjected to the performance tests defined
in the Verification Spectilcation PS20005404

4.2.2.3 Verification Tests

Each Propulsion component shall be subjected to the vetilcation tests defined in PS20005404,
Section 4. Performance tests, as defined above in Section 4.2.2.2, shall be performed during
vefilcation tests to demonstrate functionality during a flight environment.
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4.2.3 AcceptanceTesting

Acceptance testing shall be perfcmned on all flight components to verify workmanship and
functionality. The acceptance test levels are defined in the VerMcation Speci.t3cationPS20005404,
Section 4.

4.2.4 Qualification Testing

Qualification testing of QTM and Protoflight components shall be used to demonstrate adequacy of
design limits. The quaMcation test levels are defined in the Verification Speciilcation,
PS20005404.

4.2S Installation Testing and Checkout

The performance tests, Electrical Interface Tests, defined in the VerMcation Specification and
referenced above in Section 4.2.2.2 will be implemented to verify that all interface signals me within
acceptable limits or applicable performance spectlcations prior to integration of an assembly or a
component into the next higher level. Also all component mechanical interface dimensions will be
verified.

4.3 Special Propulsion Subsystem Verifications

Any Propulsion components identifkd on the limited-life or critical items lists shall be tested in
accordance with Verification Plan, PS20005404.

4.4 Test Equipment

[1] Existing test equipment shall be used whexwer practical.

[2] Where new test equipment is requtid to test units which me physically or functionally
identical or similar, the equipment shall be designed to perform its task(s) on each element
of that group, where practical.

4.4.1 Test Equipment Safety Features

[1] Test equipment shall incorporate any safety interlocks or other safety features necessary to
reduce the introduction of safety hazards by the test equipment.

[2] Any safety feature included in any Spacecraft test equipment shall give a visual, auditory,
or electronic indication of activation when it is activated.

4.4.2 Test Equipment Verification

Unless otherwise specifkd herein, test equipment used to measure Propulsion Subsystem
petioxmance characteristics shall be capable of demonstrating that

a.

b.

it will not impose environments on the tested item(s) beyond the levels called for in the
Vetilcation Spedlcation, PS20005404, and

it is capable of imposing the test levels called for in the Vefilcation SPectilcation,
PS20005404.
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4.43 Test Equipment Calibration

Test equipment shall be calibrated in accordance with GSFC 420-05-02.

4.5 Verification Documentation

The subsystem vefilcation activities shall be documented in:

a. VerMcation Reports as defined in PS20005404.

b. Test procedures

c. Test logs

d. Test Review Board meeting minutes
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5 PREPARATION FOR DELIVERY

Not Applicable.
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6 NOTES

6.1 Definitions

Pulse count the total number of REA ordoff cycles for a given period of time

Throughput the quantity of propellant flowed through an REA during its
qualification

Off-loading the unloading of the hydrazine propellant fium the tank and
depressurizationof the subsystem

6.2 Acronyms and Abbreviations

ACE

BDU

C&DH

CEI

EMC

EPc

EOS

FDB

FPR

GFP

GLP

GHe

GIIS

GIS

GN&CH

HCE

ICD

IS

I&T

LV

MAGE

MOP

Attitude Control Electronics

Bus Data Unit

Command and Data Handling

Contract End Item Specification

Electromagnetic Compatibility

Electric Power Controller

Earth Observing Satellite

Fuse Distribution Board

Flow Process Record

Government Furnished Part

Government Lm.ned Part

Gaseous Helium

General Instrument Interface Speci.tlcation

General Interface Specification

Guidance Navigation, and Control Subsystem

Heater Control electronics

Interface Control Drawing

Interface Specification

Integration and Testing

Latch Valve

Mechanical Aerospace Ground Equipment

Maximum Operating Pressure
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N/A

PA

PM

PMEA

Pm

PPSU

PSI

PSIA

QTM

REA

Seem

Sv

TBD

TBR

TBs

VDc

Not Applicable

hduct Assurance

Propulsion Module

Propulsion Module Electronics Assembly

Propellant Management Device

Propellant and Pmsurant Service Unit

Pounds per Square Inch

Pounds per Square Inch Absolute

Qualification Test Model

Rocket Engine Assembly

Standard Cubic Centimeters per Hour

Fill and Drain Valve

To Be Determined

To Be Reviewed

To Be Supplied

Propellant Tank

Volts DC

Western Test Range

6.3 Exceptions to the GIS and GIIS

None

6.4 Requirements Traceability Matrix

Requirementsin Section 3 of this specflcation were derived from the source documents shown in
the RequirementsTraceabilityMatrix,AttachmentB, supplied underseparatecover.
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10 PROPULSION MODULE COMMAND LIST

I

I side 1 I side 2 I

Thruster Control

Enable Delta-V REAs and Catbed Htrs (1+) Enable Delta-V REAs and Catbed Htrs (l-4)

Enable ACS REAs and Catbed Htrs (odd) Enable ACS REAs and Catbed Htrs (even)

Disable Delta-V REAs and Catbed Htrs (l-4) Disable Delta-V REAs and Catbed Htrs (l-4)

Disable ACS REAs and Catbed Htrs (odd) Disable ACS REAs and Catbed Htrs (even)

Arm Delta-V REAs (1+) Arm Delta-V REAs (l-4)

Arm ACS R.EAs (odd) Arm ACS REAs (even)

Disarm Delta-V REAs (l-4) Disarm Delta-V REAs (l-4)

Disarm ACS REAs (odd) Disarm ACS REAs (even)

Fire REA 1 Fire REA 1

Fire REA 2 Fire REA 2
I

Fire REA3 Fire REA 3

Fire REA 4 Fim REA 4

Fire REA5 Fire REA 6

Fire REA 7 Fire REA 8

Fire REA 9 Fire REAIO

Fire REA 11 Fire REA 12

Fi.reREA 13 Fire REA 14

Fire REA 15 Fire REA 16

Latch Valve Control

Latch Valve 1 Enable ILatch Valve 2 Enable I
Latch Valve 1 Ann Latch Valve 2 Arm

Latch Valve 1 Open Primary Latch Valve 2 Open Primary

Latch Valve 1 Open Backup Latch Valve 2 Open Backup

Latch Valve 1 Close Primary Latch Valve 2 Close Primary

Latch Valve 1 Close Backup Latch Valve 2 Close Backup

Latch Valve 1 Disable& Disarm Latch Valve 2 Disable&Disarm
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Pressure lhmsducer Control

Enable Pressure Transducer 28 Vdc Power Enable Pressure Transducer 28 Vdc Power

Disable Pressure Transducer 28 Vdc Power Disable Pressure Transducer 28 Vdc Power

Switched Power Control

Enable Side 128 Vdc Heater Power lEnable Side228 Vdc Heater Power I
Disable Side 128 Vdc Heater Power IDisable Side228 Vde Heater Power 1

I

Enable REA Side 1 TCVH +28 VcicPower IEnable REA Side 2 TCVH +28 Vdc Power i
1

Disable REA Side 1 TCVH +28 Vdc Power IDisable REA Side 2 TCVH +28 Vdc Power 1

Heater Electronics Control

lEnable Tank Htr, Line Htrs 1-5 IEnable Tank Htr, Line Htrs 1-5 1

[Enable BDU Survival Htr, Line Htrs 6-10 [Enable BDU Survival Htr, Lme Htrs ~10 I
1

Enable PMEA(l&2) Survival Htr IEnable PMEA(l&2) Survival Htr I
IEPC(l-4) Survival Htrs IEPC(14) Survival Htrs

Enable Tank Heater Thermostat Bypass Enable Tank Heater Thermostat Bypass

Disable Tank Heater Thermostat Bypass Disable Tank Heater Thermostat Bypass

Disable Tank Htr Disable Tank Htr
m

Disable Line Htr 1 IDisable Line Htr 1 I

lDisable Line Htr 2 IDisable Line Htr 2 1,
Disable Line Htr 3 IDisable Line Htr 3 I

lDisable Line Htr 4 IDisable Line Htr 4 I
IDisable Line Hb 5 IDisable Line Htr 5 I

IDisable Line Htr 6 IDisable Line Htr 6 I
lDisable Line Htr 7 IDisable Line Htr 7 I
IDisable Line Htr 8 IDisable Line Htr 8

Disable Line Htr 9 Disable Line Htr 9 i

lDisable Line Htr 10 IDisable Line Htr 9 I
IDisable BDU Survival Htr IDisable BDU Survival Htr I
IDisable PMEA 1 Survival Htr lDisable PMEA 1 Sumival Htr I
IDisable PMEA 2 Sumival Htr IDisable PMEA 2 Sumival Htr I
IDisable EPC 1 Survival HE IDisable EPC 1 Survival Htr I
IDisable EPC 2 Sunival Htr IDisable EPC 2 Suwival Htr I
lDisable EPC 3 Survival Htr IDisable EPC 3 Survival Hrr I

1

Disable EPC 4 Survival Htr IDisable EPC 4 Survival Htr I
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24) TELEMETRY INPuTs

Telemetry Point Iunits

ILatch Valve (Open/Close)

PMEA Side Status (on/Off) 2

Propellant Tank -SW 1

Ip~A Temperature

REA Temp I 16

Line Temperature I 16

IPropellant Tank Temperature I 4

ICatalyst Bed Temperature I 16

PMEA Relay Status

PMEA secondary o/p voltages 14

PMEA Thruster fm control sta- 2
,tus I

I I 1 kbit H/K I 16 kbit H/K
I

Rate ITotal I Rate ITotal
, 1 ,

PBIII1 I 0.03 I 8 I 0.24

PB 1 1 0.03 8 0.24

AA 8 1 0.12 1 0.12
E ,

PA 1811 I 0.24 I 1 I 0.24
1 1 I 1 I

PA 1811 I 1.95 I 8 I 15.6
1 1 I I 1

PA1811 I 1.95 I 1 I 1.95

PA I 8 I 1 10.481 1 10.48

PA 8 1 1.95 8 15.6

s 48 1 1.46 8 11.7

AA 181110.491813.9

s 112 1 - 8 27.3
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1 SCOPE

1.1 Identification

This speci.tlcation establishes the performance, design, development, and test requirements for the
EOS-AM Spacecraft Propulsion Module critical item. The function of this module is to provide
impulse as requtid for velocity change and attitude control. The Propulsion Module (PM) will meet
all applicable requirements of the Contract End Item (CEI) Specdication for the EOS-AM
Spacecraf6 PS200053% (SEP-101), throughout its design Me. The pficiple rwutiment of
modularity to facilitate Spacecraft construction, maintenance, and serviceability is satisfied by this
module design. The PM will be designed to facilitate producibility, integration, and accessibility
to the internal components while minimizing weight. The module will be modular to allow
on-ground removal and replacement onto the Spacecraft core.
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2 APPLICABLE DOCUMENTS

All and only those documents referenced in Sections 3,4,5, and Appendices of the spec~lcation
shall be listed in Section 2 of the specification. Refen?mcesare confined to documents cwently
available at the time of issuance of the cument revision of this specification.

2.1 Government documents

The following documents of the exact issue shown, forma part of this spectilcation to the extent
specfled herein. In the event of conflict between the documents refenmced herein and the contents
of this speci.tlcation, the contents of this spedlcation shall take precedence, except as defined in
Section 3.9 herein.

2.1.1 Military

WSMCR 127-1
15 December 1989

MIL-STD-1472 (Rev. D)
20 March 1991

MIL-STD-1553B

2.102 NASA

NHB 5300.4 (3A-1)
December 1976

NHB 5300.4 (3G)
April 1985

NHB 5300.4 (3H)
May 1984

NHB 5300.4 (31)
May 1984

NHB 5300.4 (3J)
April 1985

NHB 5300.4 (3K)
January 1986

2.2 Non-Government Documents

Western Space and Missile Center Range Safety
Requirements

Human Engineering Design Criteria for Military
Systems, Equipment, and Facilities

Aircraft Internal Tme Division Command/Response
Mutiplex Data Bus

Requirements for Soldered Electrical Connections,
Change 1

Requirements for Interconnecting Cables, Harnesses,
and Wiring

Requirements for Crimping and Wire Wrap

Requirements for Printed Wiring Boards

Requirements for ConformaJ Coating and Staking of
Printed Wfig Boards and Electronic Assemblies

Requirements for Rigid Printed Wiring Boards and
Assemblies

Unless otherwise specif3ed, the following documents of the latest issue form a part of this
specitlcation to the extent specfled herein. In the event of conflict between the documents
referenced herein and the contents of this spedlcation, the contents of this speci.tlcation shall be
considered a superseding requiremen~ except fm higher tier documents.
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2.2.1 SPECIFICATIONS

1S20008501

PS20001415

PS20004749

PS20005404

PS20008549

PS20008617

PS20008567

PS20008568

PS20008636

PN20005869

PN20001412

20001430

PN20005397

PN20005404

PN20008664

PN20008618

20008536

General Interface Specitlcation for the EOS-AM
spacecraft (KD-lol)

Structures and Mechanisms Subsystem Specification
SP-101

Electrical Power Subsystem Perfornxmce Specification,
SP-501

Vetilcation SpecKlcation for the Earth Observing
System (VRD-11O)

Thermal Control Subsystem Petiormance Speciilcat.ion,
SP-201

Propulsion Subsystem Pexfonmmce Specification,
SP-701

Command and Data Handling Subsystem Performance
Specflcation

Performance Specflcation for the Bus Data Unit,
SP-302

Electrical Accommodations Subsystem Speeiilcation,
SP-741

Electromagnetic Compatibility (EMC) Control Plan
SEP-106

EOS-AM Spacecraft Contamination Control Plan
(SEP-107)

Ground Support Equipment Requirements Document
(SEP-104)

Performance Assurance Implementation Plan
(PAIP)(PA-1OO)

Verification Plan for the Earth Observing System
(VRD-11O)

Comprehensive Test Plan for the EOS-AM (VRD-105)

propulsion Module Test Plan

EOS-AM Spacecraft Specifkation Ike
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2.202 STANDARDS

S32534, Rev. E

Source

2.23 DRAWINGS

20043 126G1

20038247

Source:

2.2.4 OTHER PUBLICATIONS

None

c

Martin Marietta Astro Space
P. O. BOX800
Princeton, NJ 08543-08W

IdentMcation Marking

Martin Marietta Astro Space
P. O. BOX800
Princeton, NJ 08543-0800

Propulsion Module Assembly Drawing

Propulsion Module Harness Installation Drawing

Martin Marietta Astro Space
P. O. BOX800
Princeton, NJ 08543-0800
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3 REQUIREMENTS

The Propulsion Module will meet all ptxformance requirements specifkd herein under all
combinations of environmental conditions and input signals described below and after exposure to
the launch environment described herein. All requirements are end-of-life speci.ilcations unless
stated otherwise.

3.1 Critical Item Description

The Propulsion Module contains elements of several spacecraft subsystems. These subsystems and
their m~or functions pedormed within the PM are described in ~ble I.

Table L PropuMon Module Subsystem Functions

Subsystemand
Performance MajorSubsystemFtmctions
Specification

Propulsion - ProvidesImpulsefor vekxity changemaneuvers.
Subsystem - Providestorqueimpulsefor attitudecontrol.
(PROPS)
PS20008617

Commandand Data - Providescornmandsfor thrusteractivation,latchvalvepositioning,and temperature
HandlingSubsystem maintenance.
(c&DI-I) - ProvidesPM health,status,performance,andccmmartd respatse telemetry.
PS20008567

Electrical - Suppliespowerto supportPM opemtionandhealthmaintenance.
PowerSubsystem - Providespowerdistributionandfusingfor all PM 120vdt users.
(Em) - Providespowerconversionand fusingfcr all PM 28 volt users.
PS20004749

ThcmnalCaltrol - Providesheaters,sensors,coatings,finishes,blanketing,andcontrolformaintaining
Subsystem(TCS) PM temperatures.
PS20008549

Electrical - Providesthe harnessand connectionsfor ekctrical componentsand discretewiring.
Accommodations - Grouxidingandsignalreferenceconnections.
Subsystem(EAS)
PS20008636

Structuresand - providesmountingand praection for EM components.
Mechanisms - providesa thermalpathto carrydissipatedcomponentpower.
Subsystem(SMS) - Providesloadpath distributionand sharingwith spacecraftprimarystfucture.
PS20001415

Guidance, providescommandsfor thrusteractivationduringspacecraftsafehold operating
Navigationand mode.
ControlSubsystem
(GN&CS)
PS20004937

The propulsion module is located within bay one of the spacecraft primary structure. The PM will,
under control of the C&DH and GN&CS equipment, support system operating modes during all
mission phases. These phases include prelaunch, launchhscent, orbit acquisition initialization, orbit
acquisition, operational initialization, operational, and end-of-mission. System operating modes
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for the PM include ground tesL standby, science, delta-V, survival, and safe modes. The PM will
provide impulse for the accomplishment of orbit acquisition maneuvers, and orbit maintenance
maneuvers and will provide impulsive torques for on-orbit tie-axis attitude control, three-axis
inertial attitude slews, three-axis earth and sun acquisitions, and reaction wheel unloading.

3.1.1 Propulsion Module Functional Description

Figure 1 shows a functional block diagram of the Propulsion Module. The PM will consist of a
propulsion subsystem and three assemblies structure, electrical, and the.nnal. Both structure and
elecrncal assemblies will be functioning during all mission phases including launch. The thermal
control assembly will be enabled prior to launch and will remain enabled during all subsequent
mission phases. The propulsion subsystem will be activated prior to launch and shall remain
operational during all following phases.

The propulsion subsystem will be of an all monopropellant design and will produce thrust through
the catalytic decomposition of hydrazine. The propulsion subsystem design will be compatible with
the launch vehicle for elliptical orbit insertion and will be functionally capable of reconilgumtion
to support all spacecraft functions. The propulsion subsystem will be capable of providing, without
restriction, the velocity increments and control torques required during all phases of the mission.
The propulsion subsystem will include all propellant and pressurant tankage, plumbing, and
thrusters necessary to meet the requirements identfiled herein.

The structure assembly will provide the framework on which all of the other assemblies and their
components are mounted and will be the primary intexface between the Propulsion Module and the
rest of the Spacecraft.

The electrical assembly will handle all command and telemetry between the Spacecraft and the
Propulsion Module. Spacecraft EPS power will be supplied and converted, as requi.r@ to electrical
assembly boxes, the propulsion assembly, and the thermal control assembly. The electrical
accommodations assembly will distribute power provided by the Spacecraft and will provide
electrical interconnections between all PM components.

The thermal control assembly design will include thermal control of the electrical boxes, the
protection of the PM components from heat generated by the thrusters, and the temperature
maintenance of all PM equipment, including but not limited to tanks, lines, avionics, valves, and
the catalyst beds of the monopropellant thmsters. Heaters, multilayer insulation blankets, and
radiators will be used to meet the thexmal control requirements.

3.12 Interface Definition

The propulsion Module and all included components shall utilize the standard interfaces defined in
the Geneml Interface Specifkation (GIS) for the Earth Obseming System, 1S20008501. Exceptions
must be explicitly noted in either the component spectilcations or this document.

DCC080593 8
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3.102.1 Electrical Interfaces

Electrical connections between andamongthecomponentsof all subsystemswithinthe moduleare
part of the module design. Connector pin-outs, signal nomenclature, and contact sizing shall be as
specifkd in Appendix I. Propulsion module electrical interface bracket connector locations shall
be as depicted in Figure 9 of Appendix I.

[1]

[2]

[3]

[4]

[5]

An electrical interface connector bracket attached to the -X panel, as depicted in Figure 2,
shall support all module harness interface connectors required to mate with the bus harness.

All electrical interfaces between the spacecraft and the Propulsion Module shall meet the
requirements of the GIS Section 3 (IS20008501) regarding power, grounds, standard signal
interfaces, test points, connectors and pin allocations.

The Propulsion Module shall meet the requirements spectiled for spacecmft equipment in
EquipmentNubsystems EMl Requirements section of PN20005869 (EMC Control Plan).

All electrical connections between the components in the Propulsion Module and between
the Propulsion Module and the spacecraft core shall be accomplished through the use of
interconnecting cables as described in the Propulsion Module harness installation drawing,
20038247.

These cables and connections shall meet the Harness Design and Construction nxpirements
of the Electrical Accommodations Subsystem Pahmance Specitlcation, PS20008636.

+2

(0°)

,/ A Rear Bulkhead (–X Panel)
/

.

{~B~?

Figure 2. Electrical Interface Connector Bracket Position

DCC080593 10
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3.102.1.1 Spacecraft Power Bus Interface

[1] The PM shall accept prime power voltage at 120 volts dc with a regulation of *4%. Prime
power is defined as the main Spacecraft bus power feeding the PM.

[2] The Propulsion Module shall connect to both A and 7B power buses as shown in Figure 3.

Feed
A

Feed
B

120 v
Power
Bus

t
Primary

EPC ACS

- 1A
Thrusters

FDB - PMEA
FDB - EPC 1 1

Primary

- Side A lB
m mch

Valvs

Pressure Dalts-V Side A

BDU
----

----, Transducer Thmbrs
Thruster

Valve

FDB
HCE

EPC --—-

- Side B - 2A -
FDB

SideB
- PMEA

- EPC 2 2
, 28

—g GzxG7
lntch
Vslve

I PROPULSION MODULE lm4

Figure 3. Electrical Power Interfkee Dlagmun

3.102.1.1.1 120V FDB Interface

The 120V fise distribution box shall receive primary and redundant 120V power and return feeds
from the Power Distribution Unit. The FDB shall maintain electrical isolation between the
redundant feeds. The FDB shall fuse and distribute 120V power to the propulsion module BDU and
EPcs.

3.1.2.1.1.2 EPC Interface

The ElectricalPowerconditionersshallreceive primary andredundartt 120Vfused power andretum
feeds from the 120V FDBs. Electrical isolation shall be maintained between the redundant feeds.
The EPCS shall convert 120V to regulated 28V outputs. EPC outputs shall interface directly to the
28V FDBs before being distributed to propulsion module components.

3.1.2.1.1.3 28V FDB Interface

The 28V fuse distribution boxes shall receive 28V power andretum feeds from the EPCs. TheFDBs
shall provide fused 28V power to propulsion module components. The FDBs shall maintain
electrical isolation between the side A and side B 28V power and return feeds.

U DCC080593
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3.1.2.101.4 PMEA Output Interfaces

3.1.2.1.1.4.1 REA Solenoids

The PMEA shall providevariablepulse width control of 28V power switching to REA solenoids.
Threeuniquecommandsanda separationswitch enable shall be requiredto apply28V to a solenoid
(The separationswitch acknowledges separationof the spacecraftfrom the launchvehicle). Power
shall be switched independentlyto each REA.

3.102.1.1.492 REA Catalyst Bed Heaters

The PMEA shall switch 28V power to catalyst bed heaters. Heaters shall be enableddisabled by
one command only. The separation switch shall not preclude application of power to catalyst bed
heaters.

3.102.1.1.43 Latch Valves

The PMEA shall provide pulsed 28V power to the latch valve open and close coils. ‘llree unique
commands shall be required to pulse power to a single coil. Latch valve coils shall be uniquely
commendable.

3.L2.101.4.4 Pressure ‘Ikansducer

The PMEA shall provide switched 28V power to the pressuretransducer.

3.102.1.1.45 HCES

The PMEA shall provide a fused 28V power feed and a dedicated return feed for each HCE
assembly. Each 28V power feed shall be capable of being enabled and disabled upon command.

3.1.2.1.1.4.6 Heaters

Heaters for the tank, lines, latch valves, and all electrical boxes will be thermostatically controlled.
Each heater element will be connected in series with two thermostats. Each heater circuit will
receive a 28V power feed and a dedicated return feed from the PMEA. The PMEA shall be capable
of enabling and disabling 28V power to each circuit upon command. Enable commands may affect
multiple heater circuits.

The PMEA shall provide the capability to bypass the propellant tank heater thermostats and provide
a 28V power feed and return feed directly to the propellant tank heater element.

3.1.2.2 Data Interfaces

ThePM interfacetot.hespacecraftcommandandteleme@Ybus will be a redundant IvUJATD-1553
bus. The Bus Data Unit (BDU) will interface to both the A and B spacecra.ftcornmand and telemetry
buses, and shall distribute commands to and collect data from components located on the propulsion

DCC080S93 12
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module. BDU performance shall be as spedfkd in the BDU Performance Specflcation,
PS20008568. Spacecraft command and telemetry bus interfaces shall meet the requirements
specifkd in 1S20008501, General Interface Speci.tlcation and shall have the following
chamcteristics:

a. Connection ‘&pe ‘llvisted shielded pair transformer coupled

b. Signal ~: IvILSTD1553B

The PM shall support Spacecraft status checks during prelaunch integration and checkout by
providing command and housekeeping telemetry capabilities to the Spacecraft and by executing
sample command loads.

3.122.1 Command Inputs

The format, function, and timing of commands for all PM components aR listed in an appendix of
the respective performance speci.flcation of each compnent.

3.1.2.2.2 Telemetry Outputs

The type, function, and timing of telemetry words for all PM components m listed in an appendix
of the respective performance speciflcaticm of each component.

3.1.2023 Attitude Control Electronics (ACE) Interface

The ACE interface shall be as shown in Figure 4. A total of four differential command lines; enable,
clock datzLand safe mockqwill be provided by the ACE to each PMEA. These interfaces shall
comply with section 3.3.2.8.1 of the GIS, 1S20008501.

3.1.2.2.3.1 ACE Thruster Firing Commands

During safe mqde only, the PM shall execute ACE thruster fm command messages transmitted to
the PMEA over the serial interface. The PM shall execute an ACE command message consisting
of a 16-bit word for each thruster of the on-line set (primmy or redundant) that will be fKed.

3.1.2.2.4 Internal Sigml Interfaces

Each propulsion module component shall comply with the noise requirements of section 3.1.3 of
the GIS, 1S20008501.

3.1.2.2.4.1 PMEA/BDU Interface

3.1.2.2.4.1.1 Thruster Fire Commands

The BDU shall transmit thruster fire command messages to the PMEA in 1024 msec intervals.
Thrusters that will not be fti shall not receive commands. The pulse duration for each selected
thruster shall be individually commendable over the range of 16 to 1024 msec with a granularity of
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Propulsion Module ~
I
I
1
m
$

-—.
I
1

4 I —--t ---
PMEA2 <_ *DArA -—-

---

m

--------- . . . . . . . . . . .

I@ure 4. ACE to PMEA Interface

8 msec. The PMEA shall verify the integrity of command messages. If an invalid command is
detected, the PMEA shall flag the error in status telemetry and shall igncne all commands received
during that command interval.

The BDU shall provide a disemte Thruster Control Execute (TCE) pulse during each 1024 msec
interval. If command integrity is verifi~ the PMEA shall execute the command message upon
receipt of the TCE pulse.

The PMEA shall recognize the passage of the spacecraft into safe mode. During safe mode, the
PMEA shall ignore BDU thruster commands and accept ACE thruster commands. When safe mode
is cancelled, the PMEA shall re-enable the thruster command path from the BDU and lock out
commands ffom the ACE. The BDU and ACE I/O circuit characteristics are destibed in the General
Interface Spectilcation 1S20008501.

During thruster maneuvers or sasfmg, the BDU or ACE shall transmit a f~e command message to
the PMEA over a serial interface. Fire command messages shall consist of a l-bit format word
for each thruster of the on-line set (primary or redundant) that will be fired. Each 16-bit word
containing the following information:

Thruster Identifier This field identiles the thruster to be f~d. Thrusters am
paired such that the ACE or the BDU is not required to ascertain which set (primary
or redundant) is enabled.

F~Duratiom This field speci.fks the ftig duration as abin~ number ranging
from 16 to 1024 milliseconds with an 8 millisecond granularity.

DCC080593 14
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Last Word Indicator This field shall indicate the last word of the message.

Parity:

3.1.2.2.4.13

This field shall facilitate parity checking of the word.

Serial Telemetry Interface

The PMEA shall transmit serial telemetry to the BDU regarding PMEA logic and relay
‘llansmission will occur on standard serial interfaces as specifkd in the GIS, 1S20008501.

3.122.4.2 Discrete Telemetry Interfhce

status.

Propulsion module components shall generate health, status, performance, and command response
telemetxy data to the BDU for inclusion in housekeeping telemetry streams. The discrete telemetry
interface shall comply with sections 3.3.2 .10.2 and 3.3.2.11.1 of the GIS, 1S20008501. Signal types
shall be as speci.fkxiin the GIS, 1S20008501.

3.12.3 Mechanical Interfaces

ThePM shall abide by the requirements of SMS Perfomumce Specification, PS20001415,regarding
coordinate systems, physical characteristics, design, construction, mounting, alignmen~
characteristics, structural criteria and tooling. Physical interfaces between the PM and the
spacecraft shall be as &fmed in the Propulsion Module Assembly Drawing, 20043126G1. The
location of attitude control thrusters shall conform to the stayout zones identifkd in Figure 5 and
to the positions and orientations identitled in Figure 6. The location of all equipment mounted on
the PM shall be such as to not &gra& the performance of the Flight Termination System @S).
Component spacings shall provide adequate clea.mnce for harness runs.

The PM shall be designed such that it can be independently assembled, tested, installed into or
removed from the EOS-AM Spacecraft structure without requiring disassembly of thermal control
subsystem hardware.

3.1.2.4 Thermal Interfaces

[1] All thermal control hardware (heaters, MLI, etc.) in the Propulsion Module shall meet the
thermal control hardware requirements of the GIS, IS20008501, Section 5, Thermal
Interfaces,

[2] and as specifkd in the Thermal Control Subsystem (TCS) Performance SpecKlcation,
PS20008549,

[3] The PM shall acquire, spread, and reject component heat to the external Spacecraft sink as
necessary to maintain the temperature at each component interface to levels below the
maximum limits spec~led in the Temperature Requirements table in Section 5 of the GIS,
1S20008501.

[4] The heater control electronics (HCE4), using heatem and thermistors in the PM, shall
maintain the temperature at each component interface to levels above the minimum limits
specifkd in the Temperature Requirements table in Section 5 of the GIS, 1S20008501.
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Thruster centerlines shall be contained
within this 160 degree arc.
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Attitude control thruster
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Figure 5. Attitude Control Thruster Stayout Zones

[5] Heat dissipating components shall meet the Component Conductive Intetiace requirements
in the GIS, 1S20008501, Section 5.

[6) Temperatumsensing assemblies on the PM shall be connected to the BDU for the purpose
of tracking thermal performance.

3.12.5 PropuMon Subsystem Servicing Interfaces

Propellant and pressurant shall be capable of being loaded, drained, and flushed from the PM using
Mechanical Ground Support Equipment (MGSE) carts. Fluids entering the PM shall be faltered to
5 microns absolute before entering the Propulsion Subsystem. Fluid connections be~=n the
MGSE and the PM shall be made at ffl and drain service valves. After integration, all ffll and drain
service valves shall be accessible.
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3.13 Major Component L&t

The major components of the Propulsion Module shall be as listed in Table Il.

Table II. Pmpukion Module Major Component List

I I
Subsystem Component

CD&H Bus Data Unit (BDU)
1

EPs IFuse Distribution Board (FDB)

Electrical Power Conditioner (EPC)

PROPS Propulsion Module Electronics Assembly (lWEA)

I Propellant Tank

I Rocket Engine Assembly, 1.0 lly

22N Rocket Engine Assembly (5.0 l%)

Latching Valve, Reaction Control Subsystem

Propellant Filter, Series 5000 Dual Mode Propulsion System

Propellant and Pressurant Fill and Drain Valve

Pressure ‘Ikansducer

T(2S Heater Control Electronics (HCE) --4)

IEAS Propulsion Module Power Harness

Propulsion Module CD&H Harness

ISMS lRear Bulkhead Asembly

I Propellant l’hnk Adapter Ring

Part
I

Number I

a20008568

20008694

20008597G3

20008619

==--i

a2308188

20008550

20038262

20038263

20043133

20043136

3.2 Characteristics

3.2.1 Performance

3.2.1.1 Propulsion Subsystem

3.2.1.1.1 Control Requirements

3.2.1 .1.1.1 Controllability

Attitude control thrusters shall be capable of generating control torques about each set of control
axes nominally aligned with the Spacecraft principal axes. Cross coupling from the intended axis
to either or both of the other axes shall be less than 10% due to all effects including, but necessarily
limited to, CG variation and uncertainty, thruster misalignment, and thrust unbalance. The attitude
control thrusters shall produce 0.02 lbf net propulsive thrust along the Spacecraft velocity vector
(x axis).
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3.2.1.1.1.2 Torque Capability

The attitudecontrol torque requirements shall be as defined by the following:

Roll >1 ft-lbs

Pitch >6 ft-lbs

Yaw >7 ft-lbs

Control requirements for delta-V operations are driven by propulsion induced disturbances. A
control margin of gxeater than 2:1 shall be maintained with respect to propulsion induced
disturbances, with any single failure.

3.2.1 .1.1.3 Minimum Torque Impulse

The thrusters used for attitude control shall provide at least a 2:1 margin over RSS worst-case
disturbances and at least a 1.1:1 margin over absolute worst case disturbance.

3.2.1.2 Structure Assembly

The structure assembly will meet the performance requirements outlined in this section.

3.2.1.2.1 Loads

3.2.1.2.1.1 Design

The structureshall be designed to suppoxt the full weight of the Propulsion Module and the
IXOpella.nts during all phases of operation, transportation, and testing in either the horizontal or
vertical position.

3.2.1.2.12 Acceleration

The Propulsion Module structure and its components shall be designed to the quasi-static
accelerations defined in the appendix to the Structures and Mechanisms Subsystem Performance
Specitlcation, PS20001415.

3.2.1.2.1.3 Margin of Safety

The structue shall maintain positive margins of safety through all phases of operation. The factors
of safety to be used are in the General Interface Speci.tlcation 1S20008501.

3.2.1 .2.1.4 Operational Loads

The Propulsion Module structure shall be designed to withstand the launch and operational loads
induced by the following components:

a. Pyro shock from the launch vehicle separation system

b. Loads inducedby the Spacecraft core structure at the Spacecraft interface.
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3.2.1.2.1.5 Acoustic Loads

The Propulsion Module shall withstand environmental acoustic loading as spec~led in the GIS,
1S20008501.

3.2.1.2.1.6 Structure Thermal Stability

The Propulsion Module structure base panel shall be designed with a coefficient of thermal
expansion (CTE) not to exceed 5.6E-6 in/in/C in the radial direction. In lieu of controlling the base
panel CI’E if the subcontractor can achieve equivalent thermal stability by way of thermal control
or show by analysis that the base panel thermal stability does not degrade Spacecraft pointing,
waiver of this requirement will be considered.

3.2.1.2.1.7 Load Distribution

The structure shall facilitate load sharing to the Spacecraft intetiace in the following manner under
conditions of a one G thrust loading

[1] Total load at each Spacecraft “Y” longeron interface shall not exceed 15% of the total mass
of the Propulsion Module. The “Y” longerons are the four not on the Z“ coordinate axis.

[2] In addition, the Propulsion Module structwe shall be designed to suppotia radial load of 500
lbs at each Spacecraft intetiace point in combination with the design loads specifkd in
3.2.1.2.1.2.

3.2.1.3 Electrical Assembly Perforrnanee

The Eletical Assembly shall provide the appropriate control and signal conditioning functions to
allow communication with the BDU.

Additionally, the Electrical Assembly shall provide the means of power conversion and regulation
to those Propulsion Module subsystems or units requhing operating voltages of 28 V DC and
120 V DC. The converter shall be capable of operating at normal atmospheric pressure during
launch, ascent, and on-orbit.

The Propulsion Module shall generate health, status, performance, and command response
telemetry data to the BDU for inclusion in housekeeping telemetry streams. This data shall be
stilcient to allow ground controllers to assess the operational state of the Propulsion Module,
monitor critical functions, and aid in fault detection and correction. It shall be used to log the
utilization of Propulsion Module resources, the confQurationkecon.figuration of the subsystem, and
other significant events.

3.2.1.3.1 Propulsion Module IIhxtronic Assembly (PMEA)

The PMEA shall provide signal conditioning and control functions required to drive the
monopropellant thrusters, heater circuits, and latching valves horn standard interface circuits
provided by the BDU and the serial input of the ACE intetiace. The PMEA shall also provide the
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signal conditioning requited to convert output level signals fkom temperature sensors and pressure
transducers associated with the Propulsion Subsystem into standard analog voltage signals
compatible with the BDU interface circuits.

3.2.1.4 Electrical Accommodations Assembly

3.2.1.4.1 General

The Propulsion Mcdule shall accept a power bus, redundant MIL-STD-1553B busses for the BDU,
and a RS-422 ACE serial interface from the Spacecmft. These busses are to be used in power,
command, control, and monitoring functions of the Propulsion Module.

The electrical accommodation assembly shall provide a grounding scheme in compliance with that
&scribed in the EOS-AM Spacecraft EMC Control Plan 20005869.

3.2.1.4.2 Main Power Busses

3.2.1.42.1 Voltage Regulation and Transients

All components, subsystems, and units of the Propulsion Module shall perform correctly when
subjected to voltage regulation or ripple as specified in General Interface Speci.tlcation 1S20008501.
Filtering orothermeans shall be provided to maintain emissions orconducted back to the Spacecraft
within the limits of the GIS, 1S20008501 and the EMI/EMC Control Plan 20005869.

3.2.1.4.2.2 Main Bus Current

The El% feed to the Propulsion Module will be sized for a maximum of 5 ampms DC steady state
load current. The PM shall be designed to meet maximum power transients as specified in the GIS,
1S20008501.

3.2.1 .4.2.3 Main Bus Switching and Interruption

Fault intenuption of the Propulsion Module power feeds shall be provided by fuses in the Propulsion
Module.

3.2. L42.4 Main Bus Protection

The Propulsion Module shall be configured so that no single failure shall cause a fault to be applied
to both main bus feeds.

3.2.1.4.3 C&DH Subsystem Busses

The C&DH Subsystem of the Spacecraft will provide a redundant (A and B bus) MIL-STD-1553B
bus for direct interface with the BDU.
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3.21.4.4 Fusing

Fuses shall be used for protection against Propulsion Module load faults and shall be sized and
dented in accordance with IS20008501, General Intexface Speci.tlcat.ion.

3.2.1.4.4.1 Shorting and Fault Protection

No single component failure (with the exception of a harness wire) shall cause a non-removable
short circuit to be applied to either or both main power busses. Individual fuses shall be provided
for BDU side A, BDU side B, PMEA sik A ~d pm si& B.

3.23 Physical Characteristics

3.2.2.1 Mass

The total dry mass of the PM shall not exceed 3701~. The allocation of mass by component in the
Propulsion Module is given in ‘Ihble III.

Table III. PM ComDonent Size_ and Power Allocations .

TSize l’btal
ISWXH Mass

(lbS.)(s$%
Ave. Power Ave. Thermal

consumption Dmipation
(Science Mode) (Seienee Mode)

(Watta) (Watts)

Num
Oper state

62.1x683x2.
o

75.5nla
I Irda 1.0x42.9OD 10.4

n/a 263x1.5 OD 26.0

I Brackets& Misc. I 1 n/a I 26.2

I IPropellantTank 1 rda I33.8x40.6 77.5
OD

I LPres ServiceValves I 2 2.9x1.9OD I 0.6n/a I II Latch Valves I 2 OFF
+=t+-

0.0 I 0.0 I
9

I PropellantFilters 2 nla

0.5 0.5ONI LPresTh.nsducer [ 1

I ManifoldTubing I 1 da I I
OFF 0.0 I 0.0 II 5 lbf Thrusters I 4

I 1 lbf Thrusters I 12 OFF 0.0 I 0.0 I
1

0.0 I 0.0 Io OFF 8.8x9.3x85 I 31.4I PMEAS 12

BDU-Instr. (PROP) [ 1 1 8.9x9.1x1O.3 I 19.6 8.1 7.5

9.7 8.8I EPCS(1) I 4 3 6.5x7.3x1.5 I 8.8

+-i%-

1.1 I 2.0 II FDBs I 3

03 I 0.6 I
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Table IIL PM Commnent S@ M=, @ powerA~-tions (continued)

Component

HCES(Type4)

MLI

Misc. Them. Equip.
(1)

TOTALS

Undistributed
Allocation

cm’

1

4

26

1

Num
Oper

4

size l’btal
LXWXH Mass

state LxOD (NM.)
(IIIChes)

da - 16.7

ON 2.8x5.0x6.8 5.7

da - 7.7

ON - 7.1

357.7

I I 73

Ave. Power Ave. Thermal
Consumption Dissipation

(Sck=e Mode) (ScienceMode)
(Watts) (Watts)

0.0 0.0

8.8 8.0

5.0 22.7

,

53.5 I 50.1 I

Notes: (1) End-of-life average power consumption and thermal dissipation values used,
beginning-of-life peak thermal dissipations assumed.

3.2.2.2 Power Consumption

The allocation of power consumption dissipation by component in thePM is given in Table III. The
peak power drawn by the Propulsion Module in any operating mode shall not exceed 260.0 watts
and the on-orbit average power drown in science mode shall not exceed 80 watts. The power
consumption for the PM for the different EOS-AM Spacecraft opemting modes shall not exceed the
values specifkd in ‘Ihble IV.

Table IV. DC Power Consumption

Propulsion Module
EOS Operating Modes Power Consumption, W

I
Ground Test 60.0

Survival 120.0
&

Safe 120.0

Standby 120.0

Delta-v 260.0

Science 80.0

3.2.2.2.1 Thermal Dmsipation

The allocation of thermal dissipation by component in the PM is given in Table III. The peak thermal
dissipation from the Pro@ion Module shall not exceed 260.0 watts and the on-orbit average
thermal dissipation in science mode shall not exceed 60.0 watts. The thexmal dissipation for the PM
for the different EOS-AM Spacecraft operating modes shall not exceed the values specfled in
llible V.
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Table V. Thermal Dissipation

Propulsion Module Peak
EOS operating Modes Thermal Dksipatioq W

I
GroundTest 60.0

Survival 120.0
I J

Safe 120.0

Standby 120.0
,

t Delta-v I 260.0 I
I

I Science I 60.0 I

3.2.2.3 Dimension

All dimensions shall be in compliance with the stayout zones and design volume defined by
Figure 8.

3.2.2.4 Transport and Storage

[1] Accommodations for tie-downs, pallets, packaging, and other handling f~tures necessary
for transport and stomge of the equipment module shall be made to ease handling by and
interaction with ground support equipment (GSE).

[2] The proper orientation for placing items in storage or transportation containers shall be \

obvious by design or marking.

[3) The PM shall provide lift points capable of sup-g the PM and any accompanying GSE
under handling loads of 2g vertical (per MIL-STD-1367A).

[4] When four or more lift points are provided, 3 shall be capable of lifting the entire load.

3.2.2.5 Integration and Test

[1] PM design shall ensure that access to the interface connectors sufficient to preclude the need
for blind-mate connectors during installation of the PM on the Spacecraft Cons

[2] During testing, all PM components shall be maintained within operational temperature
limits as speciikd in the Temperature Requirements table in Section 5 of the GIS,
1S20008501, by means of forced air convection.

[3] Items which for safety reasons may require rapid pre-launch maintenance shall be readily
accessible.

[4] Items requiring frequent access during I&T or other prelaunch opemtions shall be accessible
during I&T.

3.2.2.5.1 Test Interfaces

Test connectors shall be provided on the propulsion module to facilitate ground test and checkout.
The test connectors shall carry power and signals as appropriate for the test functions performed.
Tests shall be capable of being performed without access to spacecraft power or signals. After
integration, all elecmical intexface connectors and test ports shall be accessible.
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The PM shall support prelaunch integration and checkout of the spacecraft by incorporating test
interfaces for external stimuli. Test points shall provide signal and power interfaces as necessary
for vtilcation during the absence of spacecraft interfaces. Test points shall also accommodate
vefilcation of functions that cannot be tested via spacecraft interfaces.

3.2.2.6 Layout

[1]

[2]

[3]

[4]

[5]

[6]

[7]

Fuses for the PM shall be located, to the extent practical, such that it is possible to replace
or view any fuse without requiring any disassembly of the PM.

The PM layouts shall, to the extent practical, ensure that any component contained within
the Major Assembly can be ~moved without having to remove any other component.

Component spacings shall provide adequate cleamnce for harness runs.

AU flight equipment which would requti maintenance during a storage period of 5 years
or less shall be accessible when the Spacecraft is in its stored contlguration.

All Spacecraft components which am fragile or otherwise susceptible to damage shall, where
practical, be guarded or located so as to reduce this susceptibility.

Sensitive adjustment controls and actuators shall be located or guarded to protect them from
inadvertent perturbation.

Component labeling shall be visible when the component is installed in the parent assembly
or stowed. Labels shall be installed such that they are rea&ble by the unaided human eye.

3.22.7 Configuration

[1] The PM shall COnfcmnto the assembly drawing 2000141 lG1. These drawings shall define
the following parameters:

a. Physical size

b. Mounting Requirements and interfaces

c. External finishes

d. Method of identtilcation.

3.23.8 Natural Frequency

[1] The natural frequency of the PM shall be no less than the level specifkd in the appendix to
the Structures and Mechanisms Subsystem Petiormance Specification, PS20001415.

3.2.2.9 Center of Gravity (CG)

Propulsion Module center of gravity when fully loaded with propellant shall be constrained as
follows:

a. Radial CG offset from base panel geometric center shall not exceed 2.0 inches.

b. “X” CG offset ffom the spacecraft interface plane shall not exceed 30.0 inches.

DCC080593 26



PWM08618
05August 1993

3.2.2.9.1 Center of Gravity (CG) Shift

Spacecraft CG shifts resulting from propellant movement and depletion within the propulsion
module shall be constmined as follows:

a. propellant depletion Spacecraft CG shift shall not exceed 6.5 inches in +X and 0.75
inches in the radial Y-Z plane.

b. Propellant repositioning shall not cause a Spacecraft CG shift of more than 0.6 inches
in ix and 0.6 inches in the radial Y-Z plane.

3.2.3 Reliability

The probability of mission success (R) is allocated to the individual subsystems and their
components. This information may be found in the applicable Perfcmnance speciilcations.

3.2.4 Durability

[1] The PM shall operate as spectiled herein for at least a five-year operational life.

3.2.5 Maintainability

[1-J The PM shall be designed so that no regular maintenance will be required.

[2] Removable dust covers or other protective devices shall be provided over electrical
connectors.

[3] The PM shall be designed such that it shall be removable during system integration and test
to facilitate rework

3.2.6 Environmental Conditions

3.2.6.1 General

[1]

[2]

[3]

[4]

[5]

[6]

[7]

The PM shall be capable of meeting all performance requirements when operating in
Spacecraft bay 1.

The PM shall be capable of meeting the requirements defined in this document after
exposure to the handling, transportation, and launch environments defined in the GIS,
1S20008501 Section 6

and to the test environments defined in the Ver~lcation SpecKlcat.ion (VS), PS20005404.

The PM shall be capable of meeting the requirements defined in this document during
exposure to the mission orbit environment spectiled in the GIS, 1S20008501 Section 6.

The PM shall comply with the requirements of the Contamination Control Plan,
PN20001412.

The PM shall remain undamaged during and following exposure to sine vibration tests
defined in the appendix to the Structures and Mechanisms Subsystem Performance
Specitlcation, PS20001415.

The PM structure shall ensure that no component internal to the module experiences
accelerations greater than 1.25 times those defined in the Predicted Limit Loads Figure of
the GIS, IS20008501, when the module experiences the test levels defined above.
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3.2.7

[1]

[2]

3.3

[1]

[2]

[3]

[4]

[5]

3.3.1

[1]

3.3.2

[1]

[2]

[3]

3.3.3

[1]

[2]

[3]

c

!lYlmsportabtity

The PM shall be capable of being transported by surface vehicle or aircraft.

The transporting environment shall be controlled so as to be less severe than the spectiled
operating environment.

Design and Construction

Its design shall be such that it can be independently assembled, tested, and attached to or
detached from the EOS-AM Spacecraft structure.

The PM design shall preclude improper installation to the Spacecraft, where practical.

M electrical connectom shall be selecte~ size~ keyecLan~or mk~ such that incorrect
attachment to the mating connector is prevented.

All connectors shall attach such that the connecton cannot be inadvertently unlocked during
ground operations.

The PM design shall comply with the Design and Construction requirements spec~led in the
GIS, 1S20008501, for General requirements, Identification and Marking except for the
Content paragraph, Ftishes, Venting, Interchangeability, and Drawing Terms and
Tolerances.

Materii@ km and Parts

All materials, parts, and processes used in the design and construction of the PM shall be
selected and controlled in accordance with the requinixnents for Tooling in section 4 of the
GIS, IS20008501.

Electric Fields

Components shall meet the electric field emissions nqi.rements in the Equipment Radiated
Emissions (RE02, REO1/RE04) section of the Equipment EMI Requirements in the EMC
Control Plan, PN20005869.

Components shall meet the requirements of the Radiated Susceptibility (RS03) Elecrnc
Fields section and the

Radiated Susceptibility On-Orbit Environment section of the Equipment EMI
Requirements in the EMC Control Plan, PN20005869.

Magnetic Fields

Components shall meet the magnetic field emission and

magnetic properties requkments in the Equipment Radiated Emissions and Equipment
Radiated Properties sections respectively of the Equipment EMI Requirements in the EMC
Control Plan, PN20005869.

Components shall meet the requirements of the Radiated Susceptibility (RSO1) Magnetic
Fiel~ section of the Equipment EMI Requirements in theEMC Control Plan, PN20005869.
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393.4 Nameplates and ~UCt Wlarking

[1] The PM shall be marked for identifkation in accordance with the Identilcation Marking
StandanL S32534, Rev E, and ICD 20001411.

Conspicuous markings or labels shall be affiixedtoPM components. The identification shall contain,
as a minimum, the following:

a.

b.

c.

d.

e.

Astro Space Part Number

“PropulsionModule”

Revision Level

Date of Manufacture

Contract Number

[1]

[2]

[3]

[4)

[5]

3.3s

[1]

3.3.6

[1]

[2]

[3]

[4]

[5]

[6]

Applicable date-sensitive information shall also be identiled.

Hardware or equipment which is not suitable for use in flight, and which could be
accidentally substituted for flight or flight spares hardware, shall be plainly marked and
identifkd to indicate this status.

All test points, adjustment devices, and alignment points shall be labeled for positive
identification.

Wires and cables for hardware shall not be identifkd by hot stamping directly onto primwy
or secondary (shield) insulation.

The proper orientation for placing items in storage or transportation containem shall be
obvious by design or marking.

Workmanship

The electrical design of the PM shall be in accordance with the design requirements spec~led
in NHB 5300.4 (3A-1, 3G through 3K).

Safety

The design shall meet the factors of safety presented in the mechanical section of
1S20008501.

Where practical, hazards shall be eliminated or removed through design measums.

Hazards which cannot be eliminated or removed shall, where practical, be prevented through
incorporation and use of safety devices or features.

Remaining hazards shall be controlled using waning devices an~or special procedures.

Automated detection and safing of hazards which may cause personnel injury or loss of the
Spacecraft shall be independent of those subsystems being monitored.

Where practical, the &tection and safiig of lesser hazards shall also follow this practice.
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3.3.6.1

c

Design decisions shall accommodate compliance with safety requirements speded in this
document before accommodating any other considerations (e.g., COS4 schedule,
performance).

Liquid and Gas Hazards

The PM design shall preclude hazards due to the release of liquids or gases during integration, test
and propellant loading operations. All hazardous operations shall be conducted in accordance with
WSMCR 127-1.

3.3.7 Human Performancdl!hman Engineering

[1] The PM shall comply with the human engineering criteria of MIL-STD-1472.

3.4 Documentation

Documentation shall be in accordance with the Data Requirements list of the EOS-AM Spacecraft
Statement of Work (SOW), contract number NAS5-32500.

3.4.1 Specifications

All parent and component spec~lcations associated with this spectilcation are shown in the
EOS-AM Spacecraft Specification Tree, 20008536.

3.402 Drawings

[1] The PM shall be defined by prepared drawings. Drawing 20043126G1, Propulsion Module
Assembly, shall define and control the physical parametem of the PM,

[2] and drawing 20038247 shall describe the PM harness.

3.403 Test Plans and Procedures

[1) Detailed qualification and acceptance test plans and procedures shall be prepared.

3.5 Precedence

In the event of conflicting requirements between the documents referenced herein and the content
of this document, the following descending order of precedence shall be used in resolution of the
Conflicc

a.

b.

c.

d.

Requirements Document for the EOS-AM Spacecraft (IQ

Performance Assurance Requirements for the EOS Observatories (PAR)

Unique Instrument Interface Documents

The General Instrument Interface Speci.fkation (GHS)
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e. Contract End Item (CEI) Speci.t3cation

f. External Interface Control Documents(ICD’s) (e.g., EOS to Launch Vehicle, EOS to
TDRSS, etc.)

g. Subsystem and Major Assembly Specifications

h. Component Speciilcations
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4 QUALITY ASSURANCE PROVISIONS

This section outlines the requirements and structtue of a quality assurance program for the
propulsion module. The purpose of the program is to demonstrate the design of the propulsion
module and its components meets the performance requirements, has been manufactured properly,
and will operate as designed in association with all other EOS-AM Spacecraft intetiaces. The
Performance Assurance Implementation Plan (PAIP), PN20005397, documents the overall quality
assurance approach for the EOS-AM Spacecraft. The specillcs of the performance vefilcation
process are documented in the VerMcation Plan, PN20005404.

4.1 General

This section delineates the inspections and tests which shall be performed in order to verify the
propulsion module conformance to the requirements of Section 3 of this specfilcation. Test methods
and measurements shall be compliant with all requirements spectiled herein.

4.1.1 Responsibility for Tests

Unless othenvise specifkd herein, or in the Statement of Work, acceptance and Protoflight testing
shall be performed by Astro Space.

4.1.2 Special Tests and Examinations

***Not Applicable***

4.1.3 Reliability Test

***Not Applicable***

4.1.4 Engineering Evaluation and Test

***Not Applicable* **

4.1.5 Protoflight Test

Protoflight tests, combined with the other vetilcation methods listed in the verification matrix,
Attachment A (provided under separate cover), shall verify that the flight hardware design meets
the technical requirements of Section 3 of this propulsion module specification to assure operational
suitability in the defined environments. Protoflight test hardware shall be used for qual~lcation
testing and shall be identical in configuration and production processing to flight hardware.

Protoflight tests, where spec~led, shall consist of quaMcation level exposure of the fnt flight
article for acceptance level durations (time and/or cycles).

Protoflight tests shall be performed under strict control of environments and test procedures.
Adjustments or tuning of Protoflight test hardware is not permitted throughout the entire test
program. The requirements of Section 3 to be verifkd prior to, during, or after each environment
shall be as SpCZifkd in PN20008618.

33 DCCOS0593



Ps20008618
05August 1993

c

4.1.6 Installation Test and Checkout

Propulsion Module comprehensive testing, shall include continuity checking, interface
support equipment compatibility, and documentation verification. The propulsion
integration and test flow is shown in Figure 8.

4.1.6.1 Electrical Integration and Checkout (EIC)

mating,
module

An EIC shall be performed to veri& proper input and grounding of power, commands, and signals
prior to mating of flight hardware. The EIC shall also verify proper response to power, commands,
and signal upon initial integration of flight hardware. The Propulsion Module electrical assembly
hardware shall be integrated with them bulkhead in the following order

1.

2.

3.

Propulsion Module Harness

Fuse and Distribution Boards

Bus Data Unit

Rear Bulkhead=
struts Flight

Sine Burst Sine Sweep

Brackets
~ Test ~ Vibration Test Modal

Stlucture
A

Handling Fixture (Protoflight) (Protoflight) Test

I
Mass tdodds A

L *~ Initial
Proof

Welded
Eleofrlcel

~ Pressure, Flow & ~ Integration &
Functional _

~
Aesembly Allgnment Bag Leak Teat Checkout

Test

— Fhght Propellant Tank
— Engines

BDU Harness

— Valves & MISC. Components
PM STE FDBs EPCS PM STE

PMEAs HCE’S

Ccmprahensive PM Acoustic

J’ ‘9 ‘J ‘J

Thermal Comprehensive
Performance Test Functional

lest
Oy$

Test
Performance —

(Protoflight) Test

PM STE PM STE PM STE PM STE PM STE

w- --Pressure
Decey& Valve

Alignment Meee spacecraft Interface

Leak Teete
Verification Properties installation Verification

Test

PM STE d

Figure 8. PropuMon Module Integration and Test Flow
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4.

5.

6.

-

Electric Power Conditioners

Propulsion Module Electronic Assemblies (PMEA)

Heater Control Electronics and Heaters.

4.1.6.2 Interfkce Verification Test (IVT)

An lVT shall be perfornd to verify the proper propulsion Module intetiaces to the Spacecraft Bus.
It verilies all mechanical, power, ground and signal connectors are properly mated and that them
is a signal presence on the proper connectors.

4.1.6.3 Functional Test (IW)

A functional test of the Propulsion Module shall be performed to test command and data paths
between components and to exercise prime and redundant hardware

4.1.6.4 Comprehensive Performance Test .(CPT)

A @ shall be performed to verify that the PM meets the performance requirements in all
operational and contingency modes, as well as verifying all command and data paths and all
redundant hardware.

4.1.6.5 Interface Verification Test (lVT)

An IVT shall be performed to verify the proper Propulsion Module intetiaces to the Spaceaaft Bus.
It vefiles all power, ground and signal connectors are properly mated and that there is signal
presence on the proper connectors.

4.1.7 Formal Test Verification

Formal veriilcation of the petiormance requirements of the PM are in the Vetilcation Matrix,
Attachment A, provided under separate cover. The Verification Matrix identiles the vefilcation
method as specifkd hen% and the level at which tests are conducted. The Propulsion Module shall
be tested according to the Propulsion Module Test Plan, PN20008618.

4.2 Quality Conformance Inspections

The Propulsion Module shall be exposed to verification conditions which represent those
environments encountered throughout the ground phase and flight mission. The environmental
conditions and levels of exposure are defined in the Verit3cation Specflcation for the Earth
Observing System (VRD-1 10),PS20005404, Section 4. l%e~ are four methods which maybe used
individually or in combination to verify each requirements in Section 3. These methods, defined as
inspection (I), analysis (A), demonstration (D), and test (T) are defined in the VerMcation
Spedlcation for the Earth Observing System (VRD-11O), PS20005404, Section 4.
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42.1 Method of Verification

4.2.1.1 Inspection

Inspection may be used to verify design and construction requirements, drawing compliance, or
spedilc physical dimensions of the equipment module. Inspection is a method of vetilcation of
physical characteristics that determines compliance without the use special laborato~ equipment,
procedures, test support items, m services. Inspection uses standardmethods such as visual gauges,
etc., to verify compliance with requirements. Inspection also includes the review of design
documents, materiallists, code, plans, etc., to verify thatrequirementshave been met.

4.2.1.2 Analysis

Analytical techniques may be used, in lieu of testing, to verify compliance to speci.fwdrequirements,
either alone or in combination with test. The selected techniques may include, typically, system
engineering analysis, statistics, qualitative analysis, analog modeling, and computer simulation.

4.2.1.3 Demonstration

Demonstmtion is a qualitative method of verifkaticm that evaluates the properties of the subject
equipment by observation. Demonstration is used with or without special test equipment or
instrumentation to verify required characteristics such as operational functioning human
engineering features, service and access features, mmspcntability, and displayed data.

4.2.1.4 Test

Test is a quantitative method of verification wherein performance ~quirements me verilled by
measurement during and after the controlled application of functional and environmental stimuli.
These measurements may require the use of laboratory equipment, xecorded data, procedures, test
support items, or services.

4.2.1.5 Classification of Characteristics

Classtlcation of characteristics as critical, major or minor, shall be as defined in M3L-STD-109.

4.2.1.6 Test Equipment

[1] Existing test equipment shall be used wherever practical.

[2] Where new test equipment is required to test units which are physically or functionally
identical or simik, the equipment shall be designed to perform its task(s) on each element
of that group, where practical.

4.2.1.6.1 T&t Equipment Safety Features

[1] Test equipment shall incorporate any safety interlockscmothersafetyfeaturesnecessaryto
reduce the introduction of safety hazards by the test equipmen~
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[2] Any safety feature included in any Spacecraft test equipment shall give a visual, auditory,
or electronic indication of activation when it is activated.

4.2.1.6.2 T&t Equipment Verification

Unless othenvise specifkd herein, test equipment used to measure PM performance characteristics
shall be capable of demonstrating that

a.

b.

c.

4.2.1.6.3

It will not impose environments on the tested item(s) beyond the levels called for in the
Verification SpecKlcation, PS20005404, and

it is capable of imposing the test levels called for in the VerMcation Specification,
PS20005404.

it is capable of meeting all the requirements imposed on it by the Ground Support
Equipment Requirements Document, 20001430 (GSERD).

Test Equipment Calibration

[1] EM Test equipment shall be calibrated in accordance with the Performance Assurance
Implementation Plan, 20005397.
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5 PREPARATION FOR DELIVERY

5.1 General

Interior and exterior shipping containers shall be marked in accordance with the identitcation and
marking requirements of the General Intetiace Spedlcation, 1S20008501.
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\ 6 NOTES

6.1 Definitions

None

6.2 Abbreviations and Acronyms

ACE

BDU

BOL

c

C&DH

C&DHS

CD&H

CDOS

CEI

CG

DOD

DPWL

EMVEMC

EAS

EOS

EPc

EPS

FDB

FSE

Frs

g

GFE

GHB

GHe

GMI

GN&C

Attitude Control Electronics

Bus Data Unit

Beginning of Life

Degrees Celsius

Command and Data Handling

Command and Data Handling System

Command and Data Handling Subsystem

Customer Data Operations Systems

Contract End Item SpecKlcation

Center of Gravity

Department of Defense

Drawings, Part Lists and Wm Lists

Electromagnetic Interference/Electromagnetic Compatibility

Electrical Accommodations Subsystem

Earth Observing System

Eleetric Power Conditioner

Electrical Power Subsystem

Fuse Distribution Box

Flight Support Equipment

Flight Termination System

Gravity Constant

Government Furnished Equipment

GSFC Handbook

Gaseous Helium

GSFC Management Instruction

Guidance, Navigation, and Control
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GN&CS

GSE

GSFC

ICD

IS

JSC

Ksc

LSA

M&O

MIL

MGSE

MSFC

MEOP

NASA

NMI

NSTS

OPD

PA

PAR

PARA

PDRD

PER

PIP

PM

Pm

PMEA

PROPS

Ps

REA

REv

DCC080593
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Guidance, Navigation, and Control Subsystem

Ground Support Equipment

Goddard Space Flight Center

Interface Control Drawing

Interface Requirements Document

Interface Specification

Johnson Space Center

Kennedy Space Center

Logistics support Analysis

Maintenance and Operations

Management Document

Military

Mechanical Ground Support Equipment

Marshall Space Flight Center

Maximum Expected Opemting Pressure

National Aeronautics and Space Administration

NASA Management Instruction

National Space ‘hansportation System

Operation Document

Product Assurance Document

Performance Assurance Requirements

Paragraph

Program Definition and Requirements Document

Pre-Environmental Review

Payload Integration Procedures

Propulsion Module

Propellant Management Device

Propulsion Module Electronics Assembly

Propulsion Subsystem

Performance Specflcation

Rocket Engine Assembly

Revision
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SCCP

Scckc

SE&I

SMS

SP

SPEC

SR&QA

STD

TBD

TBR

TCS

TMIs

Servicing Contamination Control Plan

Standard cubic centimeters per second

System Engineering and Integration

Smctures and Mechanisms Subsystem

Spectilcation

Spectilcation

Safety, Reliability, and Quality Assurance

Standard

To Be Determined

To Be Reviewed

Thermal Control Subsystem

Technical and Management Information System

Western Test Range

6.3 Exceptions to the GIS and GIIS

None.

6.4 Requirements ‘Ikaceability Matrix

Requirements in Section 3 of this specification were derived from the source document,
PS20005396, Contract End Item (CEI) Speciilcation. Compliance to these requirements are shown
in the Requirements ~ceability Matrix, Attachment B, provided under separate cover.
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10 ELECTRICAL CONNECTOR CONTACT ASSIGNM~S

UMBIUCAUEMTEST

[ 4 I

BDU-A UXJ15
BDU-B

~

Figure 9. Electrical Interface Bracket Connector Locations
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Connector Designation: JO1 Connector Functiorx Power

Part Number: 20034844PJ1B98N Connector ‘l@e: 5 pin
circular

—
Contact Number Function Name Cimuit Category Destination /Source

(TBD-1) prim 120V + (TBD-2) EPS PDU

(TBD-1) Prim 120V - (TBD-2) EPS PDU

Comector Designation: J02 Connector Function Power I
Part Numberv 20034844PJ1B98A IConnector me: 5 pin

cimular I
Contact Number Function Name Circuit Category Destination /Source

(TBD-1) Sec 120V + (’I’IML2) EPS PDU

I (TBD-1) I Scc120V - I (TBD-2) EPS PDU

Connector Designation: J03 Connector Function: REA Odd Test

Part Numbe~ 20038047PJ1D35N Connector me 37 pin
Cimular

Contact Number I Function Name Circuit Category IDestination/Source

(TBD-1) REAI Coil A+ w

(TBD-1) REAI Coil A- m

(TBD-1) REAICoil B+ w

(TBD-1) REAICoil B- m

(TBD-1) REA3coi.l A+ m
(TBD-1) REA 3 Coil A - m

(TBD-1) REA 3 Coil B + m

(TBD-1) REA3coil B- m

(TBD-1) REA5coil A+ m
(TBD-1) REA 5 Coil A - m
(TBD-1) REA 5 Coil B + m

(TBD-1) REA5coil B- m

(TBD-1) REA7coil A+ m
(TBD-1) REA7coil A- m

(TBD-1) REA 7 Coil B + m

I-2)
1
I REA 1 I

X2) I REA 1 I
1

)-2) I REA 1 I
>2) I REA 1 I

I

3-2) REA 3

>2) I REA 3 I
1

3-2) I REA 3 i
3-2) ‘1 REA 3 I

I

J-2) I REA 5 1
D-2) I REA 5 I

1

D-2) I REA 5

D-2) ‘1 REA 5 I
1

D-2) I REA 7 I
k2) I REA 7 I

1

k2) I REA 7 I
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Connector Designation: J03 Connector Functioxx REA Odd Test

Part Nmnbe~ 20038047PJlD35N Connector Type: 37 pin
circular

Contact Number Function Name Circuit Category Destination /Source

(TBD-1) REA7coil B- pD-2) REA 7

(TBD-1) REA9coil A+ (TBD-2) REA 9

(TBD-1) REA9coil A- (TBD-2) REA 9

(TBD-1) REA9coil B+ (TBD-2) R.EA9

(’HID-l) REA9C0il B- (TBm2) REA 9

(TBD-1) REA 11Coil A+ (TBD-2) REA 11

(TBD-1) REAll Coil A- (TBD-2) REA 11

(TBD-1) REAll Coil B+ (TBW2) REA 11

(TBD-1) REAll Coil B- (TBW2) REA 11

(TBD-1) REA 13 Coil A + (TBD-2) R.EA13

(TBD-1) REA 13 Coil A- (TB&2) REA 13

(TBD-1) REA13Coil B+ (TBD-2) R.EA13

(TBD-1) REA 13 Coil B - (TBD-2) R13113

(TBD-1) REA15coil A+ (TBD-2) REA 15

(’I’BD-1) REA15Coil A- (TBD-2) R.EA15

(TBD-1) REA15Coil B+ (TBD-2) R.EA15

(TBD-1) REA 15 Coil B - (TBD-2) REA 15 +
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Connector Desiition: J04 Connector Function REA Even Tkst

Part Numbec 20038047PJ1D35A Connector ~ 37 pin
circular

Contact Number Function Name Circuit Category Destination /Source

(TBD-1) REA2coil A+ (TB&2) REA 2

(TBD-1) REA2coil A- ~D-2) REA 2

(’HID-l) REA2coil B+ (TBD-2) REA 2

(TBD-1) REA2coil B- (TBD-2) R.EA2

(TBD-1) REA4coil A+ (TBm2) REA 4

(TBD-1) REA4coil A- (TB&2) REA 4

(TBD-1) 12EA4coil B+ (TBD-2) REA 4

(TBD-1) REA4coil B- (TBD-2) REA 4

(TBD-1) REA6coil A+ (TBD-2) REA 6

(TBD-1) REA6coil A- (TBD-2) REA 6

(TBD-1) REA6coil B+ (TBD-2) REA 6

(TBD-1) REA6coil B- (TBD-2) REA 6

(TBD-1) REA8coil A+ (TBD-2) REA 8

(TBD-1) R.EA8coi.l A- (TBI&2) REA 8

(TBD-1) REA8C0il B+ (TBD-2) REA 8

(TBD-1) REA8coil B- (TBD-2) REA 8

(TBD-1) REA 10 Coil A + (TBD-2) REA 10

(TBD-1) REA 10 Coi.1A- (TBB2) REA 10

(TBD-1) REA 10 Coi.1B + (TBD-2) REA 10

(TBD-1) REA 10 Coil B - (TBD-2) REA 10

(TBD-1) REA 12 Coil A + (TBD-2) R.EA 12

(TBD-1) REA 12 Coil A- (TBD-2) REA 12

(TBD-1) REA 12 coil B + (TBD-2) REA 12

(TBD-1) REA 12 Coil B - (TBD-2) R.EA 12

(TBD-1) REA 14 Coil A + (’TBD-2) REA 14

(TBD-1) REA14coil A- (TBD-2) REA 14

(’HID-l) REA14Coil B+ (TBD-2) REA 14

(TBD-1) REA 14 Coil B - (TBD-2) REA 14

(TBD-1) REA 16 Coil A + (’HID-2) REA 16

(TBD-1) REA 16 Coil A- (TBD-2) REA 16
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Connector Designation J04 IConnector Function REA Even Test I
IPart NmnbeE 20038047PJlD35A IConnector me: 37 pin I
I

I circular I
Contact Number IDestination/ Source

1 4

(TBD-1) REA16coi.l B+ (TBWz) REA 16

(TBD-1) REA 16Coil B - (TBD-2) R.EA 16

Connector Designatioxx J05 Connector Functiom 1553 Bus A BDU-A

Part Number: 20040889P1 Connector me: TWX circular

I Contact Number I Function Name I Cimuit Category IDestination/Source I
m

I (’I’BD-1) I High I (TBD-2) I C&DH BUS I
1 1 #

I (TBD-1) I Low I (TBD-2) I C&DH BUS I
I ,

I Shield I Shield I I C&DH BUS I

Connector Designation J06 Connector Function 1553 Bus B BDU-A

Part Number: 20040889P1 Connector me: ‘fkiax circular

Contact Number Function Name Cimuit Category Destination / Soume

(TBD-1) High ~D-2) C&DH BUS

I (TBD-1) I Low I (TBD-2) I C&DH )%IS I
1 1

I Shield I Shield I I C&DH BUS I

Connector Designation: J07 IConnector Function: 1553 Bus A BDU-B I
Part Number: 20040889P1 Comector ~pe: ‘Ikiaxcircular

Contact Number I Function Name Circuit Category IDestination/Source

(TBD-1) High (T’lHXz) C&DH BUS

~D-1) Low (TBD-2) C&DH 13US

I Shield I Shield I I C&DH BUS I
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IConnector Designation: J08 IConnector Functioxx 1553 Bus B BDU-B I
Part Number: 20040889P1 Comector ~ ‘Ikiaxcircular

Contact Number Function Name Cimuit Category Destination /Source

(TBD-1) High (TBD-2) C&DH BUS

(TBD-1) LQw (’I’BD-2) C&DH BUS

Shield Shield C&DH BUS

Connector Designation J09 Connector Function BDUA Input
Part Number: 2OO42415P1OO9PA Commands

Connector ‘I@x 9 pin
rectangular

Contact Number I Function Name Circuit Category \ Destination/Source

(TBD-1) BDUA On + (TBD-2)_ C&DH CTIU

(TBD-1) BDUA On - (TBD-2) C&DH CTIU

(TBD-1) BDUA Off+ (TBD-2) C&DH CTIU

(TBD-1) BDUA OH - (TBD-2) C&DH CTIU

Connector Designation: J1O Connector Function: BDUB Input

Part Number: 2OO42415P1OO9PA Conunands

Connector ‘IJpe: 9 pin
rectangular

1

t
Contact Number I Function Name I Circuit Category IDestination/Source

1 m

I (TBD-1) I BDUB On + I (TBB2) I C&DH CTIU I
I I 1

I (TBD-1) BDUB On- I (TBD-2) I C&DH CTIU I
I

t (TBD-1) I BDUB Off+ I (TBD-2) I C&DH CTIU I
I 1 1

I (TBD-1) BDUB Off - I (TBD-2) I C&DH CTIU I
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IConnector De@gnation: Jll IConnector Functioxx PMEA1 Inputs I

IPart Number: 2OO42415P1O15PB

Contact Number Ihmction Name

(TBD-1) Command Data +

(TBD-1) Command Data -

[- (TBD-1) I CommandClk +
1

I (TBD-1) I CommandClk -

I (’TBD-1) I Command Ena +

I (TBD-1) I Command Ena -
,

I (TBD-1) I Safe Mode +
I

I (TBD-1) I Safe Mode -

Connector we: 15 pin
rectangular

Cimuit Category Destination /Source

(TBW2) GN&C ACE

(TBD-2) GN&C ACE

(TBn2) GN&C ACE

(TBD-2) GN&C ACE

(’I’BB2) GN&C ACE

‘Conn~tor Designation: J12 IConnector Function PMEA2 Inputs

Part Numbe~ 2OO42415P1O15PB Connector ~: 15 pin
rectangular

Contact Number Function Name Cimuit Category Destination /Source

(TBD-1) CommandData + (TBD-2) GN&C ACE

(TBD-1) CommandData - ~D-2) GN&C ACE

(TBD-1) CommandClk + (TBD-2) GN&C ACE

(TBD-1) CommandClk - (TBD-2) GN&C ACE

(TBD-1) CommandEna + (TBD-2) GN&C ACE

(TBD-1) CommandEna- (TBD-2) GN&C ACE

(TBD-1) Safe Mode + (TBD-2) GN&C ACE

(TBD-1) Safe Mode - (TBD-2) GN&C ACE
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Connector Designation: J13 Connector Function: PMEA1 Safc#Arm

Part Number: 2OO42415P1OO9SA Plug I/o

Connector ljpe: 9 pin
circular

k
Contact Number Function Name Circuit Category Destination /Source

(TBD-1) Safe4AxmPrim In A @w2) Safe/Arm Plug

(TBD-1) S8fe/hn I%mIn B (TBD-2) saf’’AnnPhlg

(TBD-1) safe/ATm Prim (’HID-2) Safe/Arm Plug
Out A

(TBD-1) Safe/Arm Prim Out B (TBD-2) Safdkm Plug

Connector Des@atioxx J14 Connector Functiom PMEA2

Part Number: 2OO42415P1OO9SA Safe/Arm Plug I/O

Connector me: 9 pin
circular

Contact Number Function Name Circuit Category Destination /Source

(TBD-1) Safe/Arm Sec In A (TBD-2) Safe/Arm Plug

(TBD-1) Safe/Ann Sec In B (TBD-2) Safdl%rlnPlug

(TBD-1) Safe/Arm Sec Out A (TBW2) Safdhn Plug

(T.BD-1) Safe/Arm Sec Out B (TBD-2) Safe/Ann Plug
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Conneetor Designation J15 Connector Functiom Propulsion Module

Part Number: 24)O42415P1O62PB Test

Comector ‘l’@: 62 pin
I

rectangular I

Contact Number Function Name Circuit Category Destination /Source

(TBD-1) PressureXducer @BM2) PMEA1
+28V

(TBD-1) PressureXducer (TBD-2) PMEA1
+28V Return

(TBD-1) PressureXducer (TBW2) PMEA1
Telemetry

(TBD-1) Presstue Xducer (TBD-2) PMEA1
TelemetryReturn

(TBD-1) Tank Temp Sensor 1 (TBD-2) Tank Thermistor

(TBD-1) TankTemp 1Return (TBW2) Tankl%ennistor

(TBD-1) Tank Temp Sensor 2 (T.BB2) Tank Thermistor

(TBD-1) Tank Temp 2 Return (T’BD-2) Tank Thermistor

(TBD-1) Latch Valve 1 (’HID-2) Latch Valve 1
Open Prim

(T13D-1) Latch Valve 1 (TBD-2) Latch Vidve 1
OpenPrim Return

(TBD-1) Latch Valve 1 (TBD-2) LatchValve 1
Open Sec

(TBD-1) Latch Valve 1 (TBD-2) Latch Valve 1
Open Sec Return

(TBD-1) Latch Valve 1 (TBD-2) Latch Valve 1
Close Prim

(TBD-1) Latch Valve 1 (TBD-2) Latch Valve 1
Close Prim Return

(TBD-1) Latch Valve 1 (TBD-2) LatchValve 1
Close Sec

(TBD-1) Latch Valve 1 (TBD-2) Latch Valve 1
Close Sec Return

(TM&l) Latch Valve 2 (TBD-2) Latch Valve 2
Open Prim

(1’’BD-l) Latch Valve 2 (TBD-2) Latch Valve 2
OpenPrim Return

(TBD-1) Latch Valve 2 (TBD-2) Latch Valve 2
Open Sec
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Connector Designation: J15 Connector Function

Part Numbe~ 2OO4M15P1O62PB
Comector me:

Contact Number Function Name Cimlit category

(TBD-1) Latch Valve 2 (TBD-2)
Open Sec Return

(TBD-1) Latch Valve2 (TBW2)
Close l%m

(TBD-1) LatchValve 2 (TBD-2)
Close PrimReturn

(TBD-1) LatchValve 2 (TBD-2)
Close Sec

(TBD-1) LatchValve 2 (TBD-2)
Close Sex Return

(1’BD-1) LatchValve 1 (TBD-2)
Telemetry

(TBD-1) Latch Valve 1 (TBD-2)
Telemetry Return

(TBD-1) Latch Valve 2 (TBIA2)
Telemetry

(TBD-1) LatchValve 2 (TBIL2)
TelemetryReturn

(TBD-1) REA Timer DO (TBD-2)

(TBD-1) REA Timer D1 (TBD-2)

(TBD-1) REA Timer D2 (TBD-2)

(’mm-l) REA Timer D3 (TBD-2)

(TBD-1) REA Timer D4 (TBD-2)

(TBD-1) REA Timer D5 (TBD-2)

(TBD-1) REA Timer D6 (TBD-2)

(TBD-1) REA Address AO (TBD-2)

(TBD-1) REA Address Al (TBD-2)

(TBD-1) REA Address A2 (TBD-2)

(TBD-1) REA Address A3 (TBD-2)

(TBD-1) REA Read Strobe (TBD-2)

(T’BD-1) PMEA Gnd Ref (TBD-2)

(TBD-1) PMEA Gnd Ref (TBD-2)

Propulsion Module
Test

;2pin
ectangukw

Destination / Soume

Latch Valve 2

4
+

Latch Valve 2 I

+

Latch Valve 1

Latch Valve 2

Latch Valve 2

I
PMEA 1 “

PMEA 1 *

PMEA 1 *

PMEA 1 *

PMEA 1 *

PMEA 1 *

PMEA 1 *

-+%--i

-+%--l
PMEA 1 * I
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Connector Designation J15 Connector Function: Propulsion Module

Part NumbeR 2QO42415P1O62PB Test

Conneetor ‘Ijpx 62 pin
rectangdar

Contact Number Function Name Cmuit category Destination /Source

(TBD-1) PMEA Gnd Ref (TBD-2) PMEA 1 *

(TBD-1) REA TimerDO (TBD-2) PMEA 2 *

(mD-l) REA TimerD1 (TBD-2) PMEA 2 *

(TBD-1) REA TimerD2 (TBD-2) PMEA 2 *

(TBD-1) REA TimerD3 @D-2) PMEA 2 *

(TBD-1) REA Tmer D4 (TBD-2) PMEA 2 *

(TBD-1) REA TimerD5 (TB&2) PMEA 2 *

(TBD-1) REA TimerD6 (’HID-2) PMEA 2 *

(TBD-1) REA Add.ms AO ~D-2) PMEA 2 *

(TBD-1) REA AddressAl (TBD-2) PMEA 2 *

(TBD-1) RE.AAddress A2 (TBD-2) PMEA 2 *

(TBD-1) REA AddressA3 (TBD-2) PMEA 2 *

(TBD-1) REA Read Slrobe (TBD-2) PMEA 2 *

(TBD-1) PMEA Gnd Ref (TBD-2) PMEA 2 *

(TBD-1) PMEA Gnd Ref (TBD-2) PMEA 2 *

(TBD-1) PMEA Gnd Ref (TBW2) PMEA 2 *

* Used during module level testing only — not cabled through umbiicd
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1 SCOPE

This spectilcation establishes the performance, design, development, and test requirements for the
Guidance, Navigation and Control Sensor Equipment Module (EM) Critical Item. The GN&C
Sensor EM shall meet all the applicable requirements of the Contract End Item (CEI) Specitlcation
for the EOS Spacecraft, PS20005396 (SEP-101 ), throughout its design life. The principal
requirement of modularity to facilitate Spacecraft construction, maintenance and serviceability is
satisfied by this module design. The equipment module will be designed to facilitate producibility,
integration, and accessibility to the internal components while minimizing weight. The equipment
module will be modular to allow on–ground removal and replacement onto the Spacecraft core.

DCC073093
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2 APPLICABLE DOCUMENTS

All and only those documents referenced in Sections 3,4,5 and Appendices of the specillcation shall
be listed in Section 2 of the speci.tlcation. References are confined to documents currently available
at the time of issuance of the current revision of this specflcation.

2.1 Government Documents

The following documents of the exact issue shown, forma part of this specillcation to the extent
specified herein. In the event of conflict between the documents referenced herein and the contents
of this specification, the contents of this specification shall take precedence, except as defined in
Section 3.6 herein.

2.1.1 Military

MSFC-SPEC-522

MIL-STD-889 (Rev B)
4 March 1988

MIL-STD-1553 (Rev. B)
8 September 86

MIL-STD-1 472 (Rev. D)
20 March 1991

WSMCR–I 27-1
December 1989

2.1.2 NASA

420-03-02
15 April 1992

420-0542
8 November 1991

421–10-01
1 May 1992

NHB 5300.4 (3A-1)
December 1976

NHB 5300.4 (3G)
April 1985

NHB 5300.4 (3H)
May 1984

DCC073093

Design Criteria for Controlling Stress Corrosion

Dissimilar Metals

Digital Time Division Command/Response Multiplex
Data Bus

Human Engineering Design Criteria for Military
Systems, Equipment, and Facilities

Western Space and Missile Center Range
Safety Regulations

General Instrument Interface Specification (GIS)

Performance Assurance Requirements for the EOS
Observatories (PAR)

Requirements Document for the EOS-AM
Spacecraft (RD)

Requirements for Soldered Electrical
Connections

Requirements for Interconnecting Cables,
Harnesses and Wiring

Requirements for Crimping and Wire Wrap

2
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NHB 5300.4 (31) Requirements for Printed Wiring Boards
May 1984

NHB 5300.4 (3J) Requirements for Conformal Coating and
April 1985 Staking of Printed Wiring Boards and Electronic

Assemblies

NHB 5300.4 (3K) Design Requtiments for Rigid Printed Wiring Boards
and Assemblies

2.2 Martin Marietta Astro Space Documents

Unless otherwise specified, the following documents of the latest issue form a part of this
specification to the extent specified herein. In the event of conflict between the documents
referenced herein and the contents of this speci.ilcation, the contents of this specification shall be
considered a superseding requirement, except for higher tier documents.

2.2.1 Specifications

1S20008501

PN20001412

PN20005397

PN20005404

PN20005869

PN20008664

PS20001415

PS20001423

PS20003823

PS20003825

PS20003827

General Interface Spectilcation for the Earth
Obseming System, ICD-101

EOS–AM Spacecraft Contamination Control Plan
(SEP-107)

EOS-AM Performance Assurance Implementation Plan
(PAIP) (PA-1OO)

Verification Plan for the Earth Observing System,
VRD-1OO

EOS EMC Control Plan, SEP-106

Comprehensive Test Plan for the EOS-AM Spacecraft,
VRD-105

Structures and Mechanisms Subsystem (SMS)
Performance Spectilcation, SP-101

Critical Item Development Specitlcation for Reaction
Wheel Assembly, SP-602

Inertial Reference Unit Critical Item Development
Specification, SP-602

Performance Speciilcation for Three-Axis
Magnetometer, SP-602

Performance Specification for Earth Sensor Assembly
SP-602

3 DCC073093
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PS20003829

PS20003830

PS20004937

PS20005396

PS20005404

PS20008549

PS20008550

PS20008568

PS20008602

PS20008636

PS20008669

PS20008677

PS20008915

PS20034900

Source:

2.2.2 Standards

S32534,Rev.E

Source:
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3 REQUIREMENTS

The Guidance, Navigation and Control Sensor Equipment Module shall meet all performance
requirements speci.tied herein under all combinations of environmental conditions and input signals
described below and after exposure to the launch environment described herein. All requirements
are end-of-life (EOL) spectilcations unless stated otherwise

3.1 GN&C Sensor Equipment Module Description

The GhT&CSensor Equipment Module contains elements of several Spacecraft subsystems. These
subsystems and their major functions performed within the EM are described in Table I.

Table I. GN&C Sensor Equipment Module Subsystem Functions

Subsystem and

Performance Major EM Subsystem Functions

Specification

Command and Data - Provides data bus for EM component command and telemetry via
Handling Subsystem BDU
(C&DH)
PS20008567

Electrical Accom- - Provides data signal input from Earth Sensor Assembly (ESA), Coarse
modations Subsys- Sun Sensors (CSS) and Array Drive Electronics (ADE)
tern (EAS) – Provides data signal input from launch vehicle separation switches
PS20008636 - Provides Safe Mode status signals to the SCC and ADE

- Provides externally accessible signal test points
– Provides drive signals to Reaction Wheel Assemblies (RWA), Magnet

ic Torque Rods (MTR) and Propulsion Module Electronics Assembly
(PMEA) during Safe Mode processing

- Provides power to RWA tachometer

Electrical Power - Provides 120 volt power from the Spacecraft power bus
Subsystem – Provides power distribution and fusing for 120 volt EM components
(’EPs) via the Fuse Distribution Box (FDB)
PS20004749

Thermal Control – Provides active thermal control via heaters and conmol electronics
Subsystem (TCS) - Provides passive thermal control via radiative panels
PS20008549

Structures and - Provides mounting and alignment control for all EM components
Mechanisms Sub- – Isolates optical bench (+Z panel) from thermally induced stress and
system (SMS) distortion via kinematic mechanical interfaces
PS20001415

A functional block diagram GN&C Sensor EM is shown in Figure 1.
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3.1.1 GN&C Sensor Equipment Module Functional Description

The GN&C Sensor EM houses and provides mounting, alignment and thermal control for the
GN&C sensors and electronics associated with the module. It provides electrical interfaces to core
spacecraft power, command and data services for the individual components housed in the EM. The
GN&C Sensor EM consists of an equipment mounting shell and optical bench structure, kinematic
mount assemblies, GN&C sensors and electronics, associated power, thermal and C&DH control
and intetface equipment, and an internal harness assembly.

Figure 2 depicts the layout of the Sensor EM. TWoSolid State Star Trackers (SSST), an internally
redundant Inefiial Reference Unit (lRU), two Tri-Axial Magnetometers (TAM) consisting of
separate sensor and electronics units, and an externally mounted Coarse Sun Sensor (CSS) pair make
up the GN&C sensor suite of the module. The internally redundant digital Attitude Control
Electronics (ACE) performs signal conditioning for many of the GN&C sensors and actuators, as
well as providing a safe mode control capability independent of the Spacecraft Control Computer
(SCC). A Power Switching Unit (PSU) and Fuse Distribution Box (FDB) provide power
distribution and fusing to the individual components of the EM, while the Bus Data Unit (BDU)
provides redundant control and telemetry intetiaces for all internal equipment. Heater Control
Electronics (I-ICE)boxes perform the necessary active thermal control for the EM.

The SSSTS and IRU are mounted to the +Z panel, or optical bench. Six kinematic mounts are used
as the mechanical interface between the optical bench and the spacecraft primary structure in order
to decouple thermally induced loads from either stmcture. The five-panel equipment mounting
shell is attached to the optical bench using like-degree of freedom kinematic mounts in a stacked
configuration. Mounting locations and details are found in the GN&C Sensor EM Panel Assembly
Drawings, No. 20008898 through 20008903.

An interface connector bracket attached to the -Y panel of the equipment mounting shell provides
the mechanical and electrical interface required to mate EM components with the spacecraft harness.
An interconnect bracket is attached to the –X panel of the mounting shell in order to facilitate the
sequential installation of the optical bench and equipment mounting shell to the spacecraft structure.
Electrical connections between EM components and interface connectors are achieved with the EM
harness, which is part of the Electrical Accommodations Subsystem (EAS).

3.1.2 Interface Definition

The GN&C Sensor Equipment Module and all included components shall utilize the standard
interfaces defined in the General Interface Specfilcation (GIS) for the Earth Observing System,
1S20008501. Exceptions must be explicitly noted in either the component spectilcations or this
document.

3.1.2.1 Electrical

[1] The EM shall comply with the requirements of Section 3 of the GIS, 1S20008501, regarding
Power, Grounds, Standard Signal Interfaces, Test Points, and Connectors and Pin Allocations.

[2] The EM shall comply with the Electrical Accommodation Subsystem Performance
Specification, PS20008636. except for heritage design components which may require special
grounding consideration.
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[3] All electrical connections between the EM and the spacecraft shall be accomplished through the
use of interconnecting cables as described in the EM Harness Installation Drawing,(TBD-1)

[4] An electrical intetiace connector bracket on the +2 panel shall provide connectivity for all
connectom requtid to mate to the Spacecraft harness. A detailed list of connector and contact
assignments is presented in Appendix I.

[5] The EM shall meet the requirements specfled for spacecraft equipment in the
EquipmentiSubsystems EMI Requirements Section of PN20005869 (EMC Control Plan).

3.1.2.1.1 Power

[1] The EM shall accept 120 Volts, A 4%, primary power from the Spacecraft Electrical Power
Subsystem (EPS), via the EAS, to the FDB.

[2] The EM shall connect to both A and B power bus feeds as shown in Figure 3.

3.1.2.1.2 Signal

[1] The EM shall accept data signals from the ESA electronics and provide external test points via
the ACE, as defined in the ESA Critical Item Development Specitlcation, PS20003827, and the
ACE Performance Specification, PS20034900.

[2] The EM shall accept data signals from the body-mounted CSS and provide external test points
via the ACE, as defined in the CSS Critical Item Development SpecK:cation, PS200086697, and
the ACE Performance Specification, PS20034900.

Feed A ●
k FDB

Side A

BDU HCE————.

Feed B
F FDB

Side B *

I

120V 1’
SENSOR MODULE

Psu
Side A IRU

+ - SSST1 +
.—— —

* . SSST2 +
,

Psu
Side B ACE

Power Bus

Figure 3. Electrical Power Interface Diagram
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[3] The EM shall provide external test points for the IRU, as defined in the IRU Critical Item
Development Specification, PS20003823, for the ptupose of injecting electrical torquer stimulus
signals via GSE.

[4] The EM shall provide external test points for the ACE, as defined in the ACE Performance
Specification, PS20034900.

[5] The EM shall provide external test points for the SSST, as defined in the SSST Critical Item
Development Spec~lcation, PS20003830.

[6] The EM shall provide external test points for the TAM, as defined in the TAM Critical Item
Development Speci.tlcation, PS20003825.

[7] The EM shall provide statudmode signals to the ADE, as defined in the Petiormance
Specification for SADE, PS20008602.

[8] The EM shall provide drive signals to the RWAS, as defined in the RWA Critical Item
Development Specification, PS20001423.

[9] The EM shall provide power to the RWA tachometers, as defined in the RWA Critical Item
Development Specification, PS20001423.

[10] The EM shall provide drive signals to the MTRs as defined in the Torquer Rod Critical Item
Development Specification, PS20003829.

[11] The EM shall provide tilve commands to the PMEA, as defined in the Propulsion Subsystem
Performance Speciilcation, PS2000861 7.

3.1.2.2 Command and Telemetry Interfaces

The EM contains a BDU which governs the EM command and data interface.

[1] This interface shall be a redundant MIL-STD-1553B bus connected to both the A and B
spacecraft command and telemetry buses, as shown in Figure 4.

[2] All command and data connections to the EM shall abide by this interface as defined in the BDU
Performance Specification, PS20008568.

[3] The EM shall accept, and immediately execute, commands from the C&DHS to control,
configure, or reconfigure the EM.

[4] The EM shall provide status data to the C&DHS sufficient to support normal operations, monitor
the health and safety of the EM, and for diagnosis and analysis of anomalies.

3.1.2.2.1 Command Inputs

The function, format and timing of commands for EM components are listed in an appendix to the
respective performance specification for each component.
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3.1.2.2.2 Telemetry Outputs

The function, format and timing of telemetry for EM components are listed in an appendix to the
respective performance speci17cationfor each component.

3.1.2.3 Mechanical Interfaces

[1] The EM shall comply with the requirements of Section 4 of the GIS, 1S20008501, regarding
Coordinate Systems, Physical Characteristics, Design and Construction, Mounting, Alignment,

Mechanisms, Dynamic Characteristics, Structural Criteria, and Tooling.

[2] This mechanical intetiace shall be as defined by the Structure and Mechanism Performance
Specification, PS20001415 and the GN&C Sensor Module Assembly Drawing, 20001407.

[3] The EM shall be attached to the primary structure in a stacked configuration. Each set of
kinematic mounts shall consist of one 3-axis, one 2–axis, and four single–axis kinematic mounts
to provide load paths to the primary spacecraft structure.

[4] The optical bench shall be mounted directly to the structure node fittings using six kinematic
mounts, and the equipment mounting shell shall be mounted to the optical bench using six identical
kinematic mounts.

[5] These mounts shall fall directly above, and attach to the same optical bench hard-points as the
primary structure interface mounts. The purpose of the kinematic mounts is to minimize load

sharing among structures.
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[6] These mounts are shown in Drawing 20001400.

[7] The EM shall have a panel that can be removed to provide access to equipment contained within
the module at the EM and Spacecraft levels of assembly.

[8] Removal of this panel shall be possible without requiring the removal of any other spacecraft
equipment.

[9] The honeycomb core of the EM shall be densiiled locally to ensure that throughout testing, no
component internal to the EM experiences accelerations greater than 1.25 times those defined in the
Predicted Limit Loads figure of the General Interface Specification (GIS), 1S20008501.

[10] The EM panels shall provide adequate strength at fastener locations for the mechanical
mounting of components and assemblies listed in Table 11of Section 3.1.3.

[11] The EM shall be designed so it can be independently assembled, tested, attached or detached
from the EOS Spacecraft structure without requiring disassembly of thermal control subsystem
hardware.

3.1.2.4 Thermal

[1] The EM shall comply with Section 5 of the GIS, 1S20008501, regarding Thermal Interfaces,
Environmental Flux Parameters, and Thermal Control Hardware.

[2] The EM shall comply with with the requirements of the Thermal Control System Performance
SWciflcation, PS20008549.

[3] The EM shall acquire, spread and reject component heat to the external Spacecraft sink as
necessary to maintain the temperature at each component interface to levels below the maximum
limits specified in the Temperature Requirements table in Section 5 of the GIS, 1S20008501.
(Constant conduction heat pipes embedded in the panel maybe incorporated in the –Zand+Y panels
of the EM to meet this purpose).

[4] The Heater Control Electronics (HCE2), using heaters and thermistors in the EM, shall maintain
the temperature at each component interface to levels above the minimum limits speci.fkd in the
Temperature Requirements table in Section 5 of the GIS, 1S20008501.

[5] Heat dissipating components shall meet the EM/Component Conductive Interface requirements
in Section 5 of the GIS, 1S20008501.

[6] Temperature sensors and temperature sensing assemblies shall be provided and connected to the
BDU for the purpose of tracking thermal performance.
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3.103 Major Component List

Themajor components of the GN&C Sensor Equipment Module are listed in Table II. Each
component of the EM shall meet the requirements imposed on it by its parent subsystem
performance specification.

Table IL GN&C Sensor Module Major Components

Subsystem

Guidance, Naviga-
tion & Control

C&DH

Power

Thermal

Electrical Accom-
modations

Structures and
Mechanisms

Component

Star Trackers (SSST) -2
Three Axis Magnetometer (’TAM)– 2
Inertial Reference IJnit (IRU)
Coarse Sun Sensor (CSS)
Attitude Control Electronics (ACE)

Bus Data Unit (BDU)
Electrical Power Conditioner (WC) -2

Power Switching Unit (PSU)
Fuse Distribution Box (FDB)

Heater Control Electronics (HCE2) -6
Sensor Module Thermal Blanket Installation
Temperature Sensor
Heaters (includes SM, Makeup, IRWST)

Sensor Module Harness Installation
GN&C Panel Power Harness
GN&C Panel C&DH Harness

Sensor Module Structure Assembly
Access Panel -Y
Radiator Panel Assembly -Z
Radiator Panel Assembly +Y
Kinematic Mount (12)
Base Panel +2 (Optical Bench)
End Panel +X, -X
Constant Conductance Heat Pipe

Part Number I

20003830
20003825
20003823
20003828

20008597 I
20008603
20034960

20008785
20008677
20008790
20008788

20038242
20008685
20038529

20008897
20008898
20008899
20008901
20001400
20008900
20008902
20008711

3.2 Characteristics

3.2.1 Performance

The performance requirements for the GN&C Sensor EM are derived from the CEl Specification,
PS20005396.

[1] The EM shall provide a temperature stability of 1 degree C per hour or less at the IRU
baseplate during on-orbit operations.

[2] The EM +2 panel (optical bench) shall be designed to limit static thermal distortion of the
panel to 5.0 arc seconds per axis.
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[3] The EM +Z panel (optical bench) shall be designed to limit dynamic thexmal distortion of
the panel to 1.3 arc seconds per axis.

[4] The kinematic mounts attaching the EM +Z panel to the Spacecraft structure, and the
equipment mounting shell to the EM +Z panel, shall be designed to limit static thermal
distortion of the +Z panel to 2.0 arc seconds per axis.

[5] The kinematic mounts attaching the EM +Z panel to the Spacecraft structure, and the
equipment mounting shell to the EM +Z panel, shall be designed to limit dynamic thermal
distortion of the +Z panel to 0.2 arc seconds per axis.

[6] The thermal interface between the star tracker bracket and EM +Z panel shall be designed
to limit static thermal distortion of the star tracker bracket to 5.0 arc seconds per axis.

[7] The thermal interface between the star tracker bracket and EM +Z panel shall be designed
to limit dynamic thermal distortion of the star tracker bracket to 0.5 arc seconds per axis.

3.2.2 Physical Characteristics

3.2.2.1 Mass

The total weight of the EM shall not exceed 340 Ibs.

3.22.2 Power Consumption

The power consumption for the Sensor EM for the different EOS spacecraft operating modes shall
not exceed the values specified in Table III.

Table III. GN&C Sensor EM Power Consumption (Watts)[ll

Compo- Ground Standby Delta-v Science Mode Survival Safe Mode
nent Test and Mode Mode Mode

Launch/
Ascent Max Nominal Min[41 Max Min

Mode

POWER CONSUMPTION:

Css 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SSST1 13.0 13.0 13.0 13.0 13.0 13.0 0.0 13.0 0.0

SSST2 13.0 13.0 13.0 13.0 13.0 13.0 0.0 13.0 0.0

TAM1 1.9 1.9 1.9 I.9 1.9 1.9 1.9 1.9 1.9

TAM2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

mu 28.0 28.0 28.0 28.0 28.0 28.0 28.0 28.0 28.0

ACE 48.3 48.3 48.3 48.3 48.3 48.3 48.3 48.3 48.3

BDU 9.2 ‘3.2 9.2 9.2 9.2 9.2 9.2 9,2 9.2

Psu 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5

FDB 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

SM (TBD-2) ~BD-zJ ~BD-z) (TBD-2) (TBD-2) (’TBD-Z) (TBD-2) O’B~2) (T~D-z)
HTRS
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Table III. GN&C Sensor EM Power Consumption (Watts)[ll (Continued)

Compo- Ground
nent Test and

Launch/
Ascent
Mode

+

HUJ2s 4.95

Total
EM:

Standby Delta-V Science Mode Survival Safe Mode
Mode Mode Mode

Nominal Min[41 Max Min

1

4.95 1.7 1.7 1.7 1.7 4.95 4.95 1.7

I I 1 1

-.

:2) Does na include TCS heater power. Power shown is the sum of the allocations fcx the HCES. I

3.2.2.3 Power Dissipation

The thermal dissipation of the EM components shall be equal to the power consumption described
in 3.2.2.2 except for the for the following components:

a. FDB dissipation shall be no greater than 1.1W in any mode, and

b. Power harness dissipation shall be no greater than 0.6W in any mode.

3.2.2.4 Dimension

The dimensions of the EM shall not exceed the dimensions given below. Actual dimensions are
defined in assembly drawing 20001407.

Length (X) 66 inches
Width (Y) 32 inches
Height (Z) 30 inches

3.2.2.5 Transport and Storage

[1] Accommodations for tie-downs, pallets, packaging, and containers necessary for transport
and storage of the Equ ipment Module shall be made to ease handling by, and interaction with,
Ground Support Equipment (GSE).

[2] The proper orientation for placing items in storage or transportation containers shall be made
obvious by design or marking.

[3] The EM shall provide lift points capable of supporting the EM and any accompanying GSE
under handling loads of 2g vertical per MIL-STD-1 367A.

[4] When four or more lift points are provided. any combination of three shall be capable of
lifting the entire load.

3.2.2.6 Integration and Test

[1] The EM design shall define any GSE required for cooling the Assembly during I&T as well
as during processing at the launch site.
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[2] The Assembly shall incorporate the thermal GSE intefiaces which are necessary to ensure
adequate ground cooling.

[3] The interfaces shall be accessible to the thermal GSE at the Spacecraft level of assembly.

[4] Ground cooling of the EM shall be accomplished by (TBD-3).

[5] The EM design shall ensure that access to the interface connector is sufficient to preclude
the need for blind–mate connectors during installation of the EM on the Spacecraft Core.

3.2.2.7 Layout

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

The EM design shall ensure that optical alignment cubes located on the IRU, SSSTSand
optical bench are externally visible from the +Y and one additional orthogonal direction at
the EM and Spacecraft levels of assembly.

Fuses for the EM shall be located, to the extent practical, such that it is possible to replace
or view any fuse without requiring any disassembly of the EM.

Component spacing shall provide clearance for harness runs and connector access.

The EM shall, to the extent practical, ensure that any component contained in the Major
Assembly can be removed without having to remove any other component.

All flight equipment which would require maintenance during a storage period of 5 years
or less shall be accessible when the Spacecraft is in its stored configuration.

All Spacecraft components which are fragile orothetwise susceptible to damage shall, where
practical, be guarded or located so as to reduce this susceptibility.

Sensitive adjustment controls and actuators shall be located or guarded to protect them from
inadvertent perturbation.

Component labeling shall be visible when the component is installed in the parent assembly
or stowed. Labels shall be installed such that they are readable by the unaided human eye.

3.2.2.8 Configuration

The EM shall conform to Martin Marietta Astro Space (Astro Space) assembl y drawing 20001407.
These drawings shall define the following parameters:

a. Physical size.

b. Mounting requirements and interfaces.

c. External finishes.

d. Electrical connector locations and sizes.

e. Connector reference designators.

f. Method of identification.

3.2.2.9 Natural Frequency

The natural frequency of the GN&C EM shall be no less than the level spectled in the appendix to
the Structures artd Mechanisms Subsystem Performance Speci.ilcation, PS2000141 5.
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3.2.2.10 Alignment

Mounting location of all EM components shall be as specified in drawing 20001407. Mounting of
the IRU, SSSTSand TAM sensors shall be in accordance with the mounting accuracy and alignment
knowledge requirements shown in Table lV. Mounting accuracy is the absolute alignment of the
component in the EM ccmrdinate frame, as defined by the +2 panel optical bench alignment
reference cube. Alignment knowledge is the post-installation measurement accuracy of component
alignment in the EM coordinate frame, relative to the +2 panel optical bench alignment reference
cube.

Table IV. EM Component Alignment Requirements

Mounting Alignment
Component Accuracy Knowledge

Requirement Requirement
(arc seconds) (arc seconds)

IRU 300[11 10[1]

SSSTS 300[1] 10[1]

ITAM Sensors I 900[2][3]” I 300[2][3]” I
[1] Requirement dative to componen[ alignmem cube and the EM +Z panel zdignment reference cube.
[2] Requirement xAaLiveto component baseplate and the EM +2 panel alignment reference cube.
[3] Requirement may be verified by RSS of alignment tolerances.

3.2.3 Reliability

Reliability requirements are levied at the component level, and an overall reliability requirement for
the GN&C Subsystem is defined in Section 3.2.5 of the GN&C Subsystem Specit7cation,
PS20004937.

3.2.4 Durability

The EM shall be capable of withstanding launch and on-orbit environments specified in the GE3,
1S20008501, for a period of at Ieast five years.

3.2.5 Maintainability

[1] The EM shall be designed so that no regular maintenance will be required. Any required
maintenance will be performed at the component level only.

[2] Removable dust covers or other protective devices shall be provided over electrical
connectors.

3.2.6 Environmental Conditions

3.2.6.1 General

[1] The EM shall be capable of meeting all performance requirements when operating in
Spacecraft bay 3 on the –Z side of the Spacecraft.
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[2] The EM shall be capable of be capable of meeting the requirements defined in this document
after exposure to the handling, transportation, and launch environments defined in the GIS,
1S20008501 Section 6,

[3] and to the test environments defined in the Verification Speciilcation (VS), 1S20005404.

[4] The EM shall be capable of be capable of meeting the requirements defined in this document
during exposure to the mission orbit environment specified in the GIS, 1S20008501
Section 6.

[5] The EM shall comply with the requirements of the Contamination Control Plan,
PN20001412.

3.2.6.2 Sine Vibration

[1]

[2]

3.2.7

[1]

[2]

3.3

[1]

[2]

[3]

[4]

[5]

The GN&C Sensor EM shall remain undamaged during and following exposure to the sine
vibration tests.

The EM structure shall ensure that no component internal to the EM experiences
accelerations greater than 1.25 times those defined in the Predicted Limit Loads figure of
the General Interface Specification (GIS), 1S20008501 when the EM experiences the test
levels.

IYansportability

The EM shall be capable of being transported by surface vehicle or aircraft.

The transporting environment shall be controlled so as to be less severe than the specified
operating environment.

Design and Construction

Its design shall be such that it can be independently assembled, tested, and attached to or
detached from the EOS–AM Spacecraft structure.

The EM design shall preclude improper installation to the Spacecraft, where practical.

All electrical connectors shall be selected, sized, keyed, and/or marked such that incomect
attachment to the mating connector is prevented.

All connectors shall attach such that the connectors cannot be inadvenently unlocked during
ground operations.

The EM design shall comply with the Design and Construction requirements specti]ed in the

20

GM, 1S20008501, for General requirements, Identification and Marking except for the
Content paragraph, Finishes, Venting, Interchangeability, and Drawing Terms and
Tolerances.

3.3.1 Materials, Processes, and Parts

[1] All materials, pans, and processes used in the design and construction of the EM shall be
selected and controlled in accordance with the requirements for Tooling in section 4 of the

GIS, 1S20008501 .
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3.32

[1]

[2]

[3]

3.3.3

[1]

[2]

[3]

3.3.4

[1]

[2]

[3]

[4]

[5]

[6]

[7]

c

Electric Fields

Components shall meet the electric field emissions requirements in the Equipment Radiated
Emissions (R.E02,REO1/RE04) section of the Equipment EMI Requirements in the EMC
Control Plan, PN20005869.

Components shall meet the requirements of the Radiated Susceptibility (RS03) Elecrnc
Fields section and the

Radiated Susceptibility On-Orbit Environment section of the Equipment EMI
Requirements in the EMC Control Plan, PN20005869.

Magnetic Fields

Components shall meet the magnetic field emission and

magnetic properties requirements in the Equipment Radiated Emissions and Equipment
Radiated Properties sections respectively of the Equipment EMI Requirements in the EMC
Control Plan, PN20005869.

Components shall meet the requirements of the Radiated Susceptibility (RSO1) Magnetic
Fields section of the Equipment EMI Requirements in the EMC Control Plan, PN20005869.

Nameplates and Product Marking

The EM shall be marked for identi.tlcation in accordance with the Identification Marking
Standard, S32534, Rev E, and ICD 20001411.

Conspicuous markings or labels shall be affixed to the EM components. The identilcation
shall contain, as a minimum, the following:

a.

b.

c.

d.

e.

Astro Space Part Number

“GN&C Sensor Equipment Module”

Revision Level

Date of Manufacture

Contract Number

Applicable date-sensitive information shall also be identified.

Hardware or equipment which is not suitable for use in flight, and which could be
accidentally substituted for flight or flight spares hardware, shall be plainly marked and
identified to indicate this status.

All test points, adjustment devices, and alignment points shall be labeled for positive
identflcation.

Wires and cables for hardware shall not be identitled by hot stamping directly onto primary
or secondary (shield) insulation.

The proper orientation for placing items in storage or transportation containers shall be
obvious by design or marking.
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3.3.5

[1]

3.3.6

[1]

[2]

[3]

[4]

[5]

[6]

[7]

3.3.7

[1]

3.4

c

Workmanship

The electrical design of the EM shall be in accordance with the design ~quirements specified
in NHB 5300.4 (3A-1, 3G through 3K).

Safety

The design shall meet the factors of safety presented in the mechanical section of
1S20008501.

Where practical, hazards shall be eliminated or removed through design measures.

Hazards which cannot be eliminated or removed shall, where practical, be prevented through
incorporation and use of safety devices or features.

Remaining hazards shall be controlled using warning devices and/or special procedures.

Automated detection and sa.tlngof hazards which may cause personnel injury oi loss of the
Spacecraft shall be independent of those subsystems being monitored.

Where practical, the detection and safiig of lesser hazards shall also follow this practice.

Design decisions shall accommodate compliance with safety requirements specified in this
document before accommodating any other considerations (e.g., cost, schedule,
performance).

Human PerformancdHurnan Engineering

The EM shall comply with the human engineering criteria of MIL-STD-1472.

Documentation

Documentation shall be in accordance with the Data Requirements list of the EOS-AM Spacecraft
Statement of Work (SOW), contract number NAS5-32500.

3.4.1 Specifications

All parent and component specs associated with this specification are shown in the EOS-AM
Spacecraft Specification Tree, 20008536.

3.4.2 Drawings

[1] The EM shall be defined by prepared drawings. Drawing 20001411G1 shall define and
control the physical parameters of the EM,

[2] and drawing 20038240 shall describe tic EM harness.

3.4.3 Test Plans and Procedures

[1] Detailed qualitlcation and acceptance test plans and procedures shall be prepared.
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3.5 Precedence

In the event of conflicting requirements between the documents referenced herein and the content
of this document, the following descending order of precedence shall be used in resolution of the
conflict:

a. Requirements Document for the EOS-AM Spacecraft @D)

b. Performance Assurance Requirements for the EOS Observatories (P..)

c. Unique Instrument Interface Documents

d. General Instrument Interface Specification (GIIS)

e. Contract End Item (CEI) Specification

f. External Interface Control Doeuments(ICD’s) (e.g., EOS to Launch Vehicle, EOS to
TDRSS, etc.)

g. Subsystem and Major Assembly Specillcations

h. Component Speciilcations.
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4 QUALITY ASSURANCE PROVIS1ONS

This section outlines the st.mctureand requirements of a quality assurance program for the EM. The
purpose of the program is to demonstrate that the EM has been manufactured properly, that it meets
the performance requirements defined in Section 3, and that it will operate properly when connected
to its associated subsystems, EMs, major assemblies, and components. The overall quality
assurance approach is defined in the Product Assurance Implementation Plan (’PAIP),PN20005397.
The general testing approach is defined in the Vertlcation Plan, PN20005404. Specific test
description and levels are found in the Verification Speci.t7cation,PS20005404.

4.1 General

Each of the requirements in Section 3 of this specification shall be veri.tied. Test methods and
measurements shall be compliant with all requirements herein.

The test flow for the EM is defined in the GN&C Sensor EM Test Plan, PN20001409. The normal
vibration strength testing of the Optical Bench will be performed using mass/thermal models. In
addition the EM will undergo thermal cycling in order to characterize the alignment parameters
before the flight components are mounted in the EM. These tests will be done at qualtilcation levels
and flight times. After the flight components are installed all testing will be done at acceptance
levels.

4.1.1 Responsibility for Tests

Unless otherwise specified herein, or in the Statement of Work, acceptance and qualification testing
shall be performed by Astro Space.

4.1.2 Special Tests and Examinations

***Not applicable***

4.1.3 Reliability Test

***NOt applicable***

4.1.4 Engineering Evaluation and Test

***Not applicable***

4.1.5 Protoflight Test

Protoflight tests, combined with the other verification methods listed in the Verification Matrix,
Attachment A (provided under separate cover), shall verify that the flight hardware design meets
the technical requirements of Section 3 of this equipment module specification to assure operational
suitability in the defined environments. Protoflight tes~hardware shall be used for quaMcation
testing and shall be identical in configuration and production processing to flight hardware.
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Protoflight tests, where specfled, shall consist of qualiilcation level exposure of the first flight
article for acceptance level durations (time ardor cycles)

Protoflight tests shall be performed under strict control of environments and test procedures.
Adjustments or tuning of Protoflight test hardware is not permitted throughout the entire test
program. The requirements of Section 3 to be veritled prior to, during, or after each environment
shall be as specified in PN20008745.

4.1.6 Installation Test and Checkout

Installation testing and checkout shall include continuity checking, interface mating, support
equipment compa~ibility, and documentation verification. The GN&C Sensor EM Integration and
Test Flow is shown in Figure 5.

SSSTS. IRU
TCS Hardware Install com- Assemble Electrical In- Phasing Functional

Kinematic Mounts - ponems on 4 Equipment * tegration & * , 4
Optical Bench*

Tests Test
Module

EM !ihructut’e*
Components —

EM STE

Harness —

Comprehenswe Praoflight Acceptance
-0 Performance - Alignment - 3-Axis Sine

Comp. Perfor-* Acoustic
Alignment

Test Vibration Exposure
mance Test Verification

EM STE

‘-m‘Thermal Alignment Comprehenswe Interface
Mass Spacecraft

e Performance * m * Vetilcation
Vacuum & Verification Propenies Installation
Thermal Test Test

EM STE Balance

* EM Structures Strength Test and Medal Survey Performed using
Mass Models in Lieu of FlighI Components

Figure 5. GN&C Sensor EM Integration And Test Flow
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4.1.6.1 Electrical Integration and Checkout (EIC)

An EIC shall be performed to verify the proper input and grounding of power, commands, and other
signals prior to mating of flight hardware The EIC shall also verify proper response to power,
commands, and signal upon initial integration of flight hardware. The EM components shall
integrated into the module in the following orde~

be

a.

b.

c.

d.

e.

f.

i?.

h.

i.

4.1.6.2

Kinematic Mount

GN&C Sensor EM Harness

Power Switching Unit (PSU)

Fuse and Distribution Box (_FDB)

Heater Control Electronics (HCE2), Heaters and Sensors

Bus Data Unit (BDU)

Inertial Reference Unit (IRU)

Solid State Star Trackers (SSST)

Attitude Control Electronics (ACE)

Tri-axial Magnetometers (TAM).

Interface Unit Functional Test (~)

A functional test of the Equipment Module shall be perfomled [o test command and data paths
between components and to exercise prime and redundant hardware.

4.1.6.3 Comprehensive Performance Test (CPT)

A CPT shall be performed to verify that the Equipment Module meets the performance requirements
in all operational and contingency modes, as well as verifying all command and data paths and all
redundant hardware.

4.1.6.4 Interface Verification Test (IVT)

An IVT shall be performed to verify the proper Equipment Module interfaces to the Spacecraft Bus.
It verifies all power, ground, and signal connectors are properly mated and that there is signal
presence on the proper connectors.

4.1.7 Formal Test Verification

Formal verification of the performance requirements of the EM are in the Verification Matrix,
Attachment A. The Verification Matrix identifies the verification method as spectiled herein and
the level at which tests are conducted. The EM shall be tested according to the GN&C Sensor EM
Test Plan, PN20001 409.
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4.2 Quality Conformance Inspections

The equipment medule shall be exposed to vetilcation conditions which represent those
environments encounte~d throughout the ground phase and flight mission. The environmental
conditions and levels of exposure am defined in the Verification SpecKlcation for the Earth
Observing System (VRD-1 10), PS20005404, Section 4. There are four methods which maybe used
individually or in combination to verify each requirement in Section 3. These methods,defhed as
inspection (I), analysis (A), demonstration (D), and test (T) are defined in the Vefilcation
Speci17cation for the Earth Obseming System (VRD- 11O),PS20005404, Section 4.

4.2.1 Method of Verification

4.2.1.1 Inspection

Inspection may be used to verify design and construction requirements, drawing compliance, or
spectilc physical dimensions of the equipment module. Inspection is a method of veriilcation of
physical characteristics that determines compliance without the use special laboratory equipment,
procedures, test support items, or services. Inspection uses standard methods such as visual gauges,
etc., to verify compliance with requirements. Inspection also includes the review of design
documents, material lists, code, plans, etc., to verify that requirements have been met.

4.2.1.2 Analysis

Analytical techniques may be used, in lieu of testing, to verify compliance to specified requirements,
either alone or in combination with test. The selected techniques may include, typically, system
engineering analysis, statistics, qualitative analysis, analog modeling, and computer simulation.

4.2.1.3 Demonstration

Demonstration is a qualitative method of verification that evaluates the propeflies of the subject
equipment by observation. Demonstration is used with or without special test equipment or
instrumentation to verify required characteristics such as operational functioning human
engineering features, service and access features, transportability, and displayed data.

4.2.1.4 Test

Test is a quantitative method of verification wherein performance requirements are verified by
measurement during and after the controlled application of functional and environmental stimuli.
These measurements may require the use of laboratory equipment, recorded data, procedures, test
support items, or services.

4.2.1.5 Classification of Characteristics

Classification of characteristics as critical, major or minor, shall be as defined in MLL-STD-109.

4.2.1.6 Test Equipment

[1] Existing test equipment shall be used wherever practical.
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[2] Where new test equipment is required to test units which are physically or functionally
identical or similar, the equipment shall be designed to perform its task(s) on each element
of that group, where practical.

4.2.1.6.1 Test Equipment Safety Features

[1] Test equipment shall incorporate any safety interlocks or other safety features necessay to
reduce the introduction of safety hazards by the test equipment.

[2] Any safety feature included in any Spacecraft test equipment shall give a visual, auditory,
or electronic indication of activation when it is activated.

4.2.1.6.2 Test Equipment Verification

Unless otherwise speci.tied herein, test equipment used to measure GN&C sensor EM performance
characteristics shall be capable of demonstrating that

a.

b.

c.

4.2.1.6.3

it will not impose environments on the tested item(s) beyond the levels called for in the
Verification S;ccificat ion, PS20005404, and

it is capable of imposing the test levels called for in the Verification Speci.iTcation,
PS20005404.

it is capable of meeting all the requirements imposed on it by the Ground Support
Equipment Requirements Document, 20001430 (GSERD)

Test Equipment Calibration

[1] EM Test equipment shall be calibrated in accordance with the Performance Assurance
Implementation Plan, 20005397.
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5 PREPARATION FOR DELIVERY

5.1 General

Interior and exterior shipping containers shall be marked in accordance with 20004280.
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6 NOTES

6.1 Definitions

6.2 Abbreviations and Acronyms

ACE

ADE

BDU

C&DHS

CDR

CEI

CPT

Css

EAS

EIC

EMC

EOL

EOS

ESA

FSS

FT

GIS

GN&C

HCE

Hz

ICD

IRu

IVT

I&T

KM

lb

N/A

Attitude Control Electronics

Array Drive Electronics

Bus Data Unit

Command and Data Handling Subsystem

Critical Design Review

Contract End Item

Comprehensive Performance Test

Coarse Sun Scnscx

Electrical Accommodation Subsystem

Electrical Integration and Checkout

Electromagnetic Compatibility

End-of-Life

Earth Observing System

Earth Sensor Assembly

Fine Sun Sensor

Functional Test

General Interface SpecKlcation

Guidance, Navigation, and Control

Heater Control Elecuonics

Hertz

Interface Control Document

Inertial Reference Unit

Interface Verification Test

Integration and Test

Kinematic Mounts

Pounds (Mass)

Not Applicable
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Pm

PAML

PAPL

PAR

PDR

Psu

RWA

RWAM

Scc

SM

SMS

sow

SSST

STE

TAM

TBD

TBR

TBs

=

Performance Assurance Implementation Plan

Program Approved Materials and Processes List

Program Approved Parts List

Performance Assurance Requirements

preliminary Design Review

Power Switching Unit

Reaction Wheel Assembly

Reaction Wheel Assembly Equipment Module

Spacecraft Control Computer

GN&C Sensor Module

Structures and Mechanisms Subsystem

Statement of Work

Solid State Star Tracker

Special Test equipment

Three-Axis Magnetometer

To Be Determined

To Be Reviewe&Resolved

To Be Supplied

6.3 Exceptions to the GIS and GIIS

None.

6.4 Requirements Traceability Matrix

Requirements in Section 3 of this specification were derived from the source document,
PS20005396, Contract End Item (CEI) Specification. Compliance to these requirements are shown
in the Requirements Traceabilityy Matrix, Attachment B, provided under separate cover.
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APPENDIX I

10 GN&C EM ELECTRICAL CONNECTOR CONTACT ASSIGNMENTS

The EM connectors on the electrical connector bracket shall be configured as shown in Figures 6
and 7.

All Contact Numbers are (TBD4).

All Circuit Categories are (TBD-5).
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ACE TEST

ST2-CKT-1 ~1 sT2-c&T-2

o GX1J20 o
3 GX1J14

GX1J13
ACE TEST

ST1-C&T-l
mo

sT1-caT-2

o GX1J21
GX1J12

GXIJ1l IRU TEST

BDU-C&T-l
~

BDu-c&T-2

: ~Gx’J22~ B::2GX1J09

BDU-C&T-l

GX1J07 GX1J08
BDU HRDWR BDU HRDWR

m

DCC073093

Figure 6. GN&C Sensor EM Interface Bracket
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Replace with Figure 7

Figure 7. GN&C Sensor EM - Z Panel Interface Bracket (Page 1 of 2)
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Replace with Figure 7

Figure7. GN&CSensor EM- ZPanel Interface Bracket (Page 20f2)

DCC073093 38



PS20001407
30 July 1993

Connector Designation: GXJOI IConnector Function: Power Input to Sensor EM I
Part Number: 20034844PJ1D18N Connector Type: 18 pin circular

(vs. rectangular)

Contact I Function Name I Circuit Category I Source /Destination
Number

GFDB A 120V POS-1 Power EM PDU / SensorEM
FDB

GFDB A 120V RTN-1 Power EM PDU / SensorEM
FDB

GFDB A 120V POS-2 Power EM PDU / SensorEM
I I I FDB I
I I I

GFDB A 120V RTN-2 Power EM PDU / SensorEM I
I I I FDB I

GEM FAULT GND A Power EM PDU / SensorEM
FDB

1Connector Designation: GXJ02 Connector Function: Power Input to Sensor EM

Part Number: 20034844PJ1D18A Connector Type: 18 pin circular

Contact I Function Name I Circuit Category I Source /Destination I
Number

GFDB B 120V POS-1 Power EM PDU / SensorEM
I FDB

GFDB B 120V R~-1 Power EM PDU / SensorEM
FDB

GFDB B 120V POS–2 Power EM PDU / SensorEM
FDB

GFDB B 120V RTN-2 Power EM PDU / SensorEM
FDB

GEM FAULT GND B Power EM PDU / SensorEM
FDB

Connector Designation: GXJ03 Connector Function: 28V POWER TO MTR

Part Number: 20034844PJ1B35N Connector Type: 13 pin rectangular
r

Contact Function Name Circuit Category Source / Destination
Number

MTR X DR A (+) ACE / MTR

MTR X DR A (-) ACE / MTR

MTR Y DR A (+) ACE / MTR
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Connector Designation: GXJ03 Connector Function: 28V POWER TO MTR

Part Number: 20034844PJ1B35N Connector Type: 13 pin rectangular

Contact Function Name Cimuit Category Source /Destination
Number

MTR Y DR A (-) ACE / MTR

MTR Z DR A (+) ACE / MTR

MTR Z DR A (-) ACE / MTR

Connector Designation: GXJ04 Connector Function: 28V POWER TO MTR

Part Number: 20034844PJ1B35A Connector ~pe: 13 pin rectangular

Contact Function Name Circuit Category Source /Destination
Number

MTR X DR B (+) ACE / MTR

MTR X DR B (-) ACE / MTR

MTR Y DR B (+) ACE / MT’R

MTR Y DR B (-) ACE / MTR

MTR Z DR B (+) ACE / MTR

MTR Z DR B (-) ACE / MTR

Connector Designation: GXJ05 Connector Function: Power Input to Earth

Part Number: 20034844PJ1B35N Sensor Electronics And Fine Sun Sensor
Electronics

IConnector Type: 13 pin circular I
Contact Function Name Circuit Category Source /Destination
Number

ESE 1 28V POS-1 PSU / ESE

ESE 1 28V RTN-1 PSU / ESE

ESE 1 28V POS-2 PSU / ESE

ESE 1 28V RTN-2 PSU / ESE

ESE 1 Chas GND PSU / ESE

FSSE 28V POS-1 PSU / FSSE

FSSE 28V RTN-1 PSU / FSSE

FSSE 281’ POS-2 PSU / FSSE

FSSE 2t?VRTN-2 PSU / FSSE

I FSSE Chas GND I I PSU / FSSE I
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Connector Designation: GXJ06 Connector Function: Power Input to Earth

Part Number: 20034844PJ1A35N Sensor

Connector Type: 6 pin circular

Contact I Function Name I Circuit Category I Source /Destination
Number

—

ESE228V POS-2 PSU / ESE
I I 1

ESE228V RTN-1 PSU / ESE
1 J 1

I ESE228V POS-2 I I PSU / ESE

ESE228V RTN-2 I PSU / ESE
1 I i

ESE 2 Chas GND I I PSU / ESE

Connector Designation: GXJ07 Connector Function: 1553 DATA BUS

Part Number: 20040889P1 Connector Type: Tkiaxial circular

Contact Function Name Circuit Category Source /Destination
Number

t
Center I GC&T BUS A Stub 1 I CTIUI BDU

Intermediate
Outer SheI1

Comector Designation: GXJ08 Connector Function: 1553 DATA BUS

Part Number: 20040889P1 Connector ~pe: Tnaxial circular

Contact Function Name Circuit Category Source /Destination
Number

Center GC&T BUSB Stub 1 CTIU / BDU
Intermediate
Outer Shell
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Connector Designation: GW09 Iconnector Function: 1553 DATA BUS

Part Number: 20040889P1 Ic onnector Type: lYiaxial cimular
I

Contact Source /Destination
Number I I I

I I 1

Center GC&T BUSA Stub 2 I CTTU/ BDU
Intermediate
Outer Shell

Connector Designation: GXJ1O Connector Function: 1553 DATA BUS

Part Number: 20040889P1 Connector ~pe: Tnaxial circular

Contact Function Name Circuit Category Source /Destination
Number

Center GC&T BUSB Stub 2 CTIU / BDU
Intemlediate
Outer Shell I

Connector Desigmtion: GXJ1l IConnector Function: 1553 DATA BUS I
Part Number: 20040889P1 Connector ~pe: Triaxial cimular

Contact Function Name Circuit Category Source /Destination
Number

Center SSST1 C&T BUSA Stub CTIU / SSST1
Intermediate 1
Outer Shell

Connector Designation: GXJ12 IConnector Function: 1553 DATA BUS

lPart Number: 20040889P1 IConnector Type: Triaxial circular I

Contact Function Name Circuit Category Source /Destination
Number

Center SSST2 C&T BUS A Stub CTIU / SSST2
Intermediate 1
Outer Shell

Connector Designation: GXJ13

Part Number: 20040889P1

Contact I Function Name
Number

Center SSST1 C&T BUS A Stub
Intermediate 2
Outer Shell

Connector Function: 1553 DATA BUS

Connector Type: Triaxial circular

Circuit Category Source /Destination It

CTIU / SSST1
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IConnector Designation: GXJ14 IConnector Function: 1553 DATA BUS

lPart Number: 20040889P1 IConnector Type: lkiaxial circular

Contact Function Name Circuit Category Source /Destination
Number

Center SSST2 C&T BUS A Stub CTIU / SSST2
Intermediate 2
Outer Shell

Connector Designation: GX.J15 Connector Function: RWA DRIVE TACH

Part Number: 20034844PJ1E35N SIGNAL STATUS

Connector Type: 66 pin circular

Contact Function Name Circuit Category Source /Destination
Number

15V RWA1 TACH A ACE / RWA

15V RWAI TACH A ACE / RWA
RTN

15V RWAI TACH B ACE / RWA

15V RWA1 TACH B RTN ACE / RWA
t

RWA1 CASE GND-1

RWA1 TACH Al PLS RWA / ACE

RWA1 TACH Al PLS RWA / ACE
RTN

RWA1 TACH AZ PLS RWA / ACE

RWA1 TACH AZ PLS RWA / ACE
RTN

RWA1 TACH B 1 PLS RWA I ACE

RWA1 TACH B 1 PLS RWA I ACE
RTN

RWAI TACH B2 PLS RWA I ACE

RWA1 TACH B2 PLS RWA /ACE
RTN

RWA1 CASE GND-2

15V RWA2 TACH A ACE I RWA

15V RWA2 TACH A ACE / RWA
RTN

15V RWA2 TACH B ACE I RWA

15V RWA2 TACH B RTN ACE / RWA
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Connector Designation: GXJ15 Connector Function: RWA DRIVE TACH

Part Number: 20034844PJ11C$5N SIGNAL STATUS

(Continued) Connector Type: 66 pin circular

Contact Function Name Circuit Category Source /Destination
Number

RWA2 CASE GNW1

RWA2 TACH Al PLS RWA / ACE

RWA2 TACH Al PLS RWA I ACE
RTN

RWA2 TACH A2 PLS RWA / ACE

RWA2 TACH A2 PLS RWA I ACE
RTN

RWA2 TACH B1 PLS RWA I ACE

RWA2 TACH B1 PLS RWA / ACE
RTN

RWA2 TACH B2 PLS RWA / ACE

RWA2 TACH B2 PLS RWA I ACE
RTN

RWA2 CASE GNW2

15V RWA3 TACH A ACE I RWA

15V RWA3 TACH A ACE I RWA
RTN

15V RWA3 TACH B ACE I RWA

15V RWA3 TACH B RTN ACE i RWA

RWA3 CASE GNP I RWA / ACE

RWA3 TACH Al PLS RWA I ACE

RWA3 TACH Al PLS RWA I ACE
RTN

RWA3 TACH A2 PLS RWA I ACE

RWA3 TACH A2 PLS RWA / ACE
RTN

RWA3 TACH B1 PLS RWA I ACE

RWA3 TACH B1 PLS RWA / ACE
RTN

RWA3 TACH B2 PLS RWA / ACE

RWA3 TACH B2 PLS RWA f ACE
RTN
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Connector Designation: GXJ15 Connector Function: RWA DRIVE TACH

Part Number: 20034844PJ1F35N SIGNAL STATUS

(Continued) Connector Type: 66 pin circular
>

Contact Function Name Circuit Category Source /Destination
Number

RWA3 CASE GND-2

15V RWA4 TACH A ACE 1RWA

15V RWA4 TACH A ACE I RWA
RTN

15V RWA4 TACH B ACE I RWA

15V RWA4 TACH B RTN ACE / RWA

RWA4 CASE GND-1 RWA / ACE

RWA4 TACH Al PLS RWA I ACE

RWA4 TACH Al PLS RWA / ACE
RTN

RWA4 TACH A2 PLS RWA I ACE

RWA4 TACH A2 PLS RWA / ACE
RTN

RWA4 TACH B 1 PLS RWA I ACE

RWA4 TACH B 1 PLS RWA / ACE
RTN

RWA4 TACH B2 PLS RWA I ACE

RWA4 TACH B2 PLS RWA i ACE
RTN

Connector Designation: GXJ16 Connector Function: ACE I/F TO ADE, PMEA,

Part Number: 20034S44PJ1E35N AND ILV

Connector Type: 55 pin circular

Contact I Function Name Circuit Category I Source /Destination
Number 1 I I I1 1 ,

I YCSS 1 ANLG (ADE) I ACE / ADE I
YCSS1 ANLG RTN ACE / ADE

(ADE)

YCSS2 ANLG (ADE) ACE / ADE

YCSS2 ANLG RTN ACE / ADE
(ADE)

45 DCC073093



PS20001407
30July 1993

Connector Designation: GXJ16

Part Number: 20034844PJ1E35N
(Continued)

~

SAFEMODE ADE A
RTN

SAFEMODE ADE B

SAFEMODE ADE B
RTN

SIA INDEX SW A

SIA INDEX SW B

SIA INDEX SW A RTN

WA INDEX SW B RTN

I SAFEMODE SPARE A

ACS ENA SW 1 RTN

ACS ENA SW2

ACS ENA SW2 RTN

SAFEMODE PMEA A

SAFEMODE PMEA A
RTN

CMD ENA PMEA A

CMD ENA PMEA A
RTN

CMD DATA PMEA A

CMD DATA PME.A A
RTN

CMD CLK PMEA A

CMD CLK PMEA A
RTN

4

c

Connector Function: ACE I/F TO ADQ PMEA, I
AND ILV

Connector Type: 55 pin circular
w

Circuit Category Source /Destination

ACE / ADE

ACE I ADE

ACE / ADE

ACE / ADE

1

I “ADE/ ACE 1

ADE / ACE

ADE / ACE

ADE / ACE

,
ILV / ACE

ILV / ACE

ILV / ACE

ILV ACE

ACE / PMEA

ACE / PMEA

ACE / PMEA

ACE / PMEA

ACE / PMEA

ACE / PMEA

ACE / PMEA

ACE / PMEA
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Connector Designation: GXl16

Part Number: 20034844PJ1E35N
(Continued)

r

Contact Function Name
Number

ACE CGP A

SAFEMODE PMEA B

s Al=Eh4@DE PK!EA B
R-i(i

CMD ENA PMEA B

I CMD DATA PMEA B
RTN

CMD CLK PMEA B

CMD CLK PMEA B
RTN

ACE CGP B

PS20001407
30 July 1993

c

Connector Function: ACE I/F TO ADQ PMEA,
AND ILV

Connector Type: 55 pin circular

Circuit Category Source /Destination

ACE / PMEA

ACE / PMEA

ACE / PMEA

ACE / PMEA

ACE / PMEA

ACE / PMEA

ACE / PMEA

ACE / PMEA

ACE / PMEA -

IConnector Decimation: GXJ17 IConnector Function: RWA CONTROL AND 1

Part Number: 20034844PJ1D35N SENSOR (CSS AND ESA) INPUTS TO ACE

Connector Type: 37 pin circular

Contact Function Name Circuit Category Source /Destination
Number

RWA1 ANLG CTRL SIG ACE I RWA

RWAI ANLG CTRL ACE I RWA
RTN

RWA 1 PWR STATUS RWA I ACE

RWA2 ANLG CTRL SIG ACE I RWA

RWA2 ANLG CTRL ACE I RWA
RTN

RWA2 PWR STATUS RWA I ACE

RWA3 ANLG CTRL SIG ACE I RWA

RWA3 ANLG CTRL ACE / RWA
RTN

RWA3 PWR STATUS RWA / ACE
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Connector Designation: GXJ17 Connector Function: RWA CONTROL AND

Part Number: 20034844PJ1D35N SENSOR (CSS AND ESA) INPUTS TO ACE

(Continued) Connector ~pe: 37 pin circular
,

Contact Function Name Circuit Category Source /Destination
Number

RWA4 ANLG CTRL SIG ACE I RWA

RWA4 ANLG CTRL ACE / RWA

RTN

RWA4 PWR STATUS RWA / ACE

CSS PITCH A POSN CSS I ACE
RTN

CSS PITCH A POSN SIG CSS / ACE

CSS YAW A POSN RTN CSS / ACE

CSS YAW A POSN SIG CSS / ACE

CSS PITCH B POSN CSS / ACE
RTN

CSS PITCH B POSN SIG CSS / ACE

CSS YAW B POSN RTN CSS / ACE

CSS YAW B POSN SIG CSS I ACE

CSS YAW A CSS / ACE
POS(BODY) SIG

CSS YAW A CSS / ACE
POS(BODY) SIG

CSS YAW A CSS / ACE
POS(BODY) SIG

CSS YAW A CSS / ACE
POS(BODY) SIG

ESA1 XM POSN SIG ESA / ACE

ESA1 YM POSN SIG ESA / ACE

ESA1 SIG RTN ESA / ACE

ESA2 XM POSN SIG ESA / ACE

ESA2 YM POSN SIG ESA / ACE

ESA 2 SIG RTN ESA / ACE
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Connector Designation: GXT18 Connector Function: GN&C BDU B On/Off

Part Number: 2OO42415P1OO9PA Commands

Connector ~pe: 9 pin rectangular

Contact Function Name Circuit Category Source /Destination
Number

GBDU B ON CMD CTIU / SensorEM BDU B

GBDU B ON CMD RTN CTIU / SensorEM BDU B

GBDU B OFF CMD CTIU / SensorEM BDU B

GBDU B OFF CMD RTN CTIU / SensorEM BDU B

!Connector Decimation: G.XJ19 IConnector Function: GN&C BDU A On/Off !

Part Number: 2OO42415P1OO9PA

Contact Function Name
Number

GBDU A ON CMD

GBDU A ON CMD RTN

GBDU A OFF CMD

GBDU A OFF CMD RTN

Commands

Connector Type: 9 pin rectangular

Circuit Category Source /Destination

1

I CTIU / SensorEM BDU A
1

CTIU / SensorEM BDU A
I

CTIU / SensorEM BDU A I
I

I CTIU / SensorEM BDU A I

Connector Designation: GXJ22 Connector Function: IRU TEST INPUTS

Part Number: 2OO42415P1O25PA Connector Type: 25 pin (vs. socket)

Contact
Number

rectangular D “

Function Name Circuit Category Source / Destination

IRU CH A XM2 TORQ TEST / KRU
HI

IRU CH A XM2 TORQ TEST / IRU
LO

IRU CH A ZM2 TORQ TEST / IRU
HI

IRU CH A ZM2 TORQ TEST / IRU
LO

IRU CH A TORQUER TEST / IRU
SHLD

IRU CH B XM2 TORQ TEST / IRU
HI
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I Contact
Number

Function Name

IRU CH B XM2 TORQ
LO

IRU CH B ZM2 TORQ
HI

IRU CH B ZM2 TORQ
LO

IRU CH B TORQUER
SHLD

IRU CH C XM2 TORQ H

IRU CH C XM2 TORQ
LO

IRU CH C ZM2 TORQ
HI

IRU CH C ZM2 TORQ
LO

IRU CH C TORQUER
SHLD

c

Connector Function: IRU TEST INPUTS I
Connector ~pe: 25 pin (vs. socket)

rectangular D

Circuit Category Source /Destination

TEST / IRU

TEST / IRU

TEST / IRU

TEST / IRU

TEST/lRU

TEST / IRU

J

TEST / IRU

TEST / IRU

TEST / IRU

Comector Designation: GXJ20 Connector Function: ACE TEST POINTS

Part Number: 2OO42415P1O78PB Connector Type: 78 pin rectangular

Contact Function Name Circuit Category Source / Destination
Number

+28 VDC NB MON ACE

ACE A -15V MON ACE

ACE A/B +15V MON ACE

ACE A/B -15V MON ACE

ACE ANLG RTN 1 ACE

ACE ANLG RTN 2 ACE

ACE B -15VDC MON ACE

CSSI YA ACE

CSS1 ZA ACE

CSS2 YA ACE
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Connector Designation: GXJ20 Connector Function: ACE TEST POINTS

Part Number: 2OO42415P1O78PB Connector ~pe: 78 pin rectangular

Contact Function Name Circuit Category Source /Destination
Number

CSS2 ZA ACE

ES1 X ACE

ES1 Y ACE

ES2 X ACE

IRU XM POSN ACE A ACE

IRU XM POSN ACE B ACE

IRU XM RATE ACE A ACE

KRU XM RATE ACE B ACE

IRU YM POSN ACE A ACE

IRU YM POSN ACE B ACE

IRU YM RAE ACE A ACE

IRU YM RATE ACE B ACE

IRU ZM POSN ACE A ACE

IRU ZM POSN ACE B ACE

IRU ZM RATE ACE A ACE

IRU ZM RAE ACE B ACE

MTR XA CTRL ACE

MTR XA DR ACE

MTR XB CTRL ACE

MTR XB DR ACE

MTR YA CTRL ACE

MTR YA DR ACE

MTR YB CTRL ACE

MTR YB DR ACE

MTR 2A CTRL ACE

MTR ZA DR ACE

MTRZBCTRL ACE

MTR ZB DR ACE
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IConnector Designation: GXJ21 IConnector Function: ACE TEST POINTS 1

IPart Number: 2OO42415P1O44PB Connector ~pe: 44 pin rectangular

I Contact I Function Name I Circuit Category I Source /Destination
I Number I I I

RWA1 ANLG TACH A ACE

RWA1 ANLG TACH B ACE
I 1

I
I

RWA2 ANLG TACH A I ACE
,

I
1

RWA2 ANLG TACH B I ACE
1 I

I

I

RWA3 ANLG TACH A I ACE
I 1

t

I

RWA3 ANLG TACH B I ACE
1

I

1

I SHDP A RWA1 CTRL I I ACE

I I SHDP A RWA2 CTRL I I ACE
1

I
1

I SHDP A RWA3 CTRL I I ACE

SHDP B RWA3 CTRL ACE

SHDP B RWA1 CTRL ACE
I 1

I
1

SHDP B RWA2 CTR.L I ACE I
1 I

I
I

TAM 1/2 X SHEA I ACE II !

t

I

TAM 1/2 X SHE B I ACE I,

I
1

I TAM 1/2 Y SHEA I ACE I
1 I 1

TAM 1/2 Y SHE B I ACE

TAM 1/2 Z SHEA ACE

TAM 1/2 Z SHE B ACE
I 1 I

XM POSN CTRL A ACE 1
I 1

I
I

XM POSN CTRL B I ACE I[ f

I
I

YM POSN CTRL A I ACE
t ,

I I
!

YM POSN CIRL B I ACE I

ZM POSN CTRL A ACE

ZM POSN CITU B ACE

ACE A/B +5V MON ACE

ACE A/B +5V RTN ACE

ACE DIG GND ACE

ACE GNC CGP ACE

CSM PLS TRAIN A ACE

CSM PLS TRAIN B ACE
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Connector Designation: GXJ21 Connector Function: ACE TEST POINTS

Part Number: 2OO42415P1O44PB Connector ~pe: 44 pin rectangular

(Continued)

Contact Function Name Circuit Category Source / Destination

Number

ES2 Y ACE

GNC CGP ACE

RWA1 TACH Al PLS ACE

RWA1 TACH A2 PLS ACE

RWA1 TACH B 1 PLS ACE

RWA1 TACH B2 PLS ACE

RWA2 TACH Al PLS ACE

RWA2 TACH A2 PLS ACE

RWA2 TACH B 1 PLS ACE

RWA2 TACH B2 PLS ACE

RWA4 ANLG TACH A ACE

RWA4 ANLG TACH B ACE

S/A INDEX SIG A ACE

S/A INDEX SIG B ACE

SHDP RWA4 CTRL ACE

SHDP RWA4 CTRL ACE

TEST POINT RTN ACE

RWA3 TACH A 1 PLS ACE

RWA3 TACH A2 PLS ACE

RWA3 TACH B 1 PLS ACE

RWA3 TACH B2 PLS ACE

RWA4 TACH Al PLS ACE

RWA4 TACH A2 PLS ACE

RWA4 TACH B 1 PLS ACE

RWA4 TACH B2 PLS ACE
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Connector Designation: Comector Function:

Part Number: Comector ~pe: 6 pin (vs. socket) circular
(vs. rectangular)

-
Contact Function Name Circuit Category Source /Destination
Number

SSST1 RAW VIDEO TP

SSST1 HORIZONTAL
DEFLECTION IT

SSST1 VERTICAL
DEFLECTION TP

SSST1 FLAG TEST
POINT

SSST1 FOCUS CUR-
RENT TEST POINT

SSST1 SIGNAL /LOGIC
GROUND

SSST2 RAW VIDEO TP

SSST2 HORIZONTAL
DEFLECTION TP

SSST2 VERTICAL
DEFLECTION TP

SSST2 FLAG TEST
POINT

SSST2 FOCUS CUR-
RENT TEST POINT

SSST2 SIGNAL /LOGIC
GROUND
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SCOPE
.

1

This spectilcation establishesthe performance,design, developmen~andtest requirementsfor the
ReactionWheelAssemblyEquipmentModule (EM)CriticalItem. The ReactionWheelAssembly
EM shall meet all the applicablerequirementsof the ContractEnd Item (CEI)Specflcation for the
EOS Spacecraft,PS200053% (S~-101), throughout its designlife. The principalrequirementof
modularityto facilitate Spacecraftinstruction, maintenanceand serviceabilityis satisfied by this
moduledesign. The equipmentmodulewill be designedto facilitateproducibility,integration,and
accessibility to the internal componentswhile mhhizing weight. The equipmentmodule will be
modular to allow on-ground removal and replacementonto the Spacecraftcore.
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2 APPLICABLE DOCUMENTS

Allandonlythosedocumentsreferencedin Sections3,4,5 andAppendicesof thespecificationshall
be listedin Section2 of the specitlcation. Referencesareconfinedto documentscumentlyavailable
at the time of issuance of the cumentrevision of this specflcation.

2.1 Government Documents

The following documentsof the exact issue shown, forma part of this spectlcation to the extent
speciiledherein. In the eventof conflictbetweenthe documentsreferencedherein and the contents
of this specflcation, the contents of this specKlcationshall take precedence,except as defined in
Section 3.6 herein.

2.1.1 Military

MSFC-SPEC-522

MIL-STD-889 (Rev.B)
4 Mzuyh1988

MIL-STD-1553 (Rev.B)
8 September86

MIL-STD-1472 (Rev.D)
20 March 1991

WSMCR-127-1
December 1989

2.12 NASA

42&03-02
15 April 1992

420-05-02
8 November 1991

421-10-01
1 May 1992

NHB 5300.4 (3A-1)
December 1976

NHB 5300.4 (3G)
April 1985

NHB 5300.4 (3H)
May 1984

Design Criteria for ControllingStress Ccmosion

Dissimilar Metals

Digital Tme Division Command/Response
MultiplexData Bus

Human EngineeringDesign criteti for Mi.litay
Systems,Equipmen~and Facilities

Westernspace and Missile CenterRange
Safety Regulations

General Instrument Interface Specification(GIS)

Perfmnance AssuranceRequirementsfor the
EOS Observatories(PAR)

RequirementsDocumentfor the EOS AM
Spacecmft @D)

Requirementsfor Solde~d Electrical
Connections

Requirementsfor InterconnectingCables,
Harnesses and Wiring

Requirementsfor Crimpingand Wfie Wrap
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NHB 5300.4 (31) Requirementsfor Printed Wfig Boards
May 1984

NHB 5300.4 (3J) Requirementsfor Conformal Coating and
April 1985 Staking of Printed Wiig Boards and Ekxtronic

Assemblies

NHB 5300.4 (3K) Design Requirementsfor Rigid Rinted Wiring Boards
and Assemblies

2.2 Martin Marietta Astro Space Documents

Unless otherwise specfile~ the following documents of the latest issue form a part of this
spec~lcation to the extent specifkd herein. In the event of conflict between the documents
referenced herein and the contents of this spec~lcation, the contents of this spetiiication shall be
considered a superseding requirement, except for higher tier documents.

2.2.1 Specifications

1S20008501

PN20001409

PN20001412

PN20005397

PN20005404

PN20005869

PN20008664

PS20001415

PS20001423

PS20004937

PS20005396

General Interface Specification for the Earth
ObservingsyStt?IILICD-101

Reaction Wheel Assembly Module TestPlan

EOS-A Spacecraft Contamination ControlPlan
(SEP-107)

EOS PerformanceAssurance ImplementationPlan
(PAP) (PA-1OO)

VerificationPlan for the Earth ObservingSystem,
VRD-loo

EOS EMC ControlPlan, SEP-106

ComprehensiveTest Plan for the EOS-AM Spacecraft,
VRD-105

Structures and Mechanisms Subsystem (SMS)
Perfommnce Specification, SP-101

Reaction Wheel Assembly Critical Item Development
Specification, SP-602

Guidance,Navigation and Control Subsystem
SpecKlcation,SP-601

EOS-AM Spacecraft Contract End Item Specification,
SEP-101
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PS20005404

PS20008549

PS20008550

PS20008568

PS20008636

PS20008678

PS20008694

PS20034900

Source:

2.2.2 Standards

S32534 (Rev.E)

Source:

2.23 Drawings

20001400

20001430

20008904-20008909

Source:

2.2.4 Other Publications

20005397
18 March 1991

c.

VerificationSpeci.fkationfor~eEarthObseming
System,VRD-11O

Thermal Control SubsystemPerfcmnanceSpecKlcation,
SP-201

Heater ControlElectronics, SP-202

Bus Data Unit Pefiormance Specifkation, SP-302

Electrical AccommodationSubsystemPerformance
Spectilcaticm,SP-741

Thermal BlanketPerformance Specification

Fuse DistributionBoard Petiormance Specification,
SP-502

GN&C Attitude ControlElectronics Performance
Speciilcation

Mm.in Marietta Astro Space
P. O. BOX 800
Princeton, NJ 08543-0800

Identitlcation Marking

Martin MariettaAstro Space
P. O. BOX800
Princeton, NJ 08543-0800

KinematicMounts

Ground SupportEquipmentRequirementsDocument
(SEP-104)

RWAEquipmentModule AssemblyDrawings

Martin MariettaAstro Space
P. O. BOX 800
Princeton, NJ 0854N800

Performance AssuranceImplementationPlan, PA-1OO
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20008536
14 May 1992

20008540
31 Jtiy 1992

20008648
10 Mach 1992

20008650
10 March 1992

PN20001409

source

L.

EOS-AM Spaoxmft Specifkaion Tnx

LOgisticsPlan, OPD-91O

EOS Mogram ApprovedParts List, PA-325

EOS Program ApprovedMaterials and Processes List,
PA460

RWAEquipmentModuleTest Plan

Manin Marietta Astro Space
P. O. BOX800
Princeton, NJ 08543-0800

DCC073093 6



PSXIO01409
30 July 1993

c

3
:

REQUIREMENTS

The Reaction Wheel Assembly Equipment Module shall meet all performance my.iirements
specifkd herein under all combinations of environmentalconditions and input signals described
below and after exposure to the launch environment described herein. All requirements are
end-of-life (EOL) specificationsunless stated otherwise.

3.1 RWAEquipment Module Description

The RWA Equipment Module contains elements of several Spacecraft subsystems. These
subsystemsmd ~eir majorfunctions pexformedwithin the EM ~ described in TableI.

TableI. RWAEquipmentModule SubsystemFunctions

Subsystemand
Performance MajorEM SubsystemFunctions
Specification

Commandand Data – Provides data bus for EM componentcommand~d telemetry via
Handling Subsystem BDU
(C&DH) -
PS20008567

ElectricalAccom- - Provides analog drive signals to RWAfrom the Attitude ControlElec-
modationsSubsys- tronics (ACE) located in the GN&CSensorEM
tern(EAS) - Provides power to RWAtachometerIlom the ACE
PS20008636 - Provides fused 120volt powerfor the RWASfrom the PSU located in

the GN&C Sensor EM
- Provides digital RWAtachometerpulses to the ACE

ElectricalPower - Provides 120volt powerfrom the Spacecraftpower bus
Subsystem - Provides power distribution and fusing for 120volt EM components
(EPS) via the Fuse DistributionBox (FDB)
PS20004749

ThermalControl – Provides active thermal control via heaters and control electronics
Subsystem(TCS) – Provides passive thermal control via radiative panels
PS20008549

Structuresand - Provides mounting and alignmentcontrol for all EM components
klechanismsSub-
$ystem(SMS)
PS20001415

A functional block diagramof the RWAEM is shown in Figure 1.

3.1.1 RWAEquipmentModule FunctionalDescription

The RWAEM provides mounting, alignment, and thermal control for the components associated
with the module. It provides electrical interfaces to core spacecmft power, command and data
servicesfor the individualcomponentshoused in the EM. The RWAEM consistsof the equipment
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Figure 1. Reaction Wheel Assembly Equipment Module Functional Block Diagram

8



Ps20001409
30July 1993

c
.

modulepanels,abase platewithkinematicmounts,aFuseDistributionBox (FDB),a BusData Unit
(BDU), four Reaction Wheel Assemblies (RWAS),temperature sensors, heaters, Heater Control
Electronics (IKE), and associatedwiringharnessesand thermalblankets. The layout of the RWA
EM is shown in Figure 2.

The function of the RWASis to store momentumand generatetoque to control the attitude of the
Spacecmft. Each RWAhas a different orientationin order to provide momentummanagement in
all three axes with redundancy. The internally redundant BDU provides control and telemetry
interfacesfor internalEM components. The FDBprovidespowerdistributionandfusing to all EM
componentsexcept the RW/M,which are poweredby the Power SwitchingUnit (PSU) located in
theGN&CSensorEquipmentModule. HCESpezformthenecessaryactivethermalcontrolrequired
to maintain EM componenttemperatureswithin allowablerange.

3.1.2 Interface Definition

The RWAEquipment Module and all included components shall utilize the standard interfaces
&fmed in the General Intetiace SpecKlcation(GIS)for theEarth ObservingSystem 1S20008501.
Exceptions must be explicitly noted in either the component Critical Item Development
Specillcations or this document.

Each component of the RWAEM has detailed interface requirements defined in its respective
CriticalItemDevelopmentSpeciilcation. Theserequirwnentsdefinetheinternalinterfacesbetween
thecomponentsof theRWAEM.h interconnezticmdiagramforthe majorcomponentsof theRWA
EM is shown in Figure 3.

3.102.1 Electrical

[1]

[2]

[3]

[4]

[5]

The RWAEM shall comply with the requirementsof Section 3 of the GIS, 1S20008501,
regardingPower Gmmds, StandardSignalInterfaces,TestPoints, and Comectors andPin
Allocations.

The EM shall also comply with the Electrical AccommodationSubsystem Performance
SpecKlcation, PS20008636, excem for h-e ales”= components which may require
special groundingconsideration.

All electrical connectionsbetweenthe RWAEM and the Spacecraftshall be accomplished
through the use of interconnectingcables as described in the EM Harness Speciilcation,
PS20008686.

An electrical intexfaceconnector bracket on the –X panel shall support all connectors
required to mate to the Spacecraftbus harnessand shall be located to facilitate access for
integration and test.

The RWAEM shallprovideandaccep~as appropriate,the signalsdefinedby the connector
and contact assignmentsin AppendixI.

3.1.2.1.1 Power

[1] The RWAEM shall accept 120VOILA4%, primary power from the SpacecraftElectrical
Power Subsystem (EPS),via the EAS, to the FDB. This interface is specifkd in the FDB
Performance Spec~lcation,PS20008694.
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[2] The RWAEM FDB shall connect to both A and B power bus f~.

[3] EachRWAwithin the RWAEM shall accept 120VOIL~ 4%, redundantfused power fkom
the PDU.

3.102.102 Signal

[1] TheRWAEMshallacceptRWAdrive signals from the Attitude ControlElectronics (ACE).
Thisinttxfaceis definedby the ACEperformanceSpecification,PS20003826,andtheRWA
Critical Item Development SpecKlcation,PS20001423.

[2] The RWAEM shall accept tachometer power inputs from the Attitude Control Electronics
(ACE). This interface is defined by the ACE performanceSpecification,PS20003826,and
the RWACritical Item Development Specification,PS20001423.

[3] The RWAEM shall provide RWAtachometer pulse outputs to the ACE. This interface is
defined by the ACE performance Specifkation, PS20003826, and the RWACritical Item
Development Specification,PS20001423.

[4] The RWAEM shall provide temperature and heater status telemetry to the C&DHSvia the
BDU.

3.1.2.2 Coremandand TelemetryInterfaces

The RWAEM contains a BDU which defines the RWAEM command and data interface.

[1] This interface shall be a redundant MIL-STD-1553B bus connected to both the A and B
Spacecmft Commandand Telemetrybusses, as shown in Figure 4.

[2] Allcommandanddata connectionstotheRWAEM shallbein acwrdancewith this Interface
as defined by the BDU Performance Specflcation, PS20008568.

[3] The RWA EM shall accep~ and immediately execute, commands from the C&DHS to
control con@ure or reconl@re the RWAEM.

[4] The RWA EM shall provide status data to the C&DHS sufficient to support normal
operations,monitorthe health and safetyof the RWAEM, andfor the diagnosisandanalysis
of anomalies.

3.1.2.2.1 CoremandInputs

Thefunction, format and timing of commands for EM componentsare listed in an appendix to the
respective performance spec~lcations for each component.

3.1.2.2.2 TelemetryOutputs

Thefunction, format and timing of telemetry for EM componentsare listed in an appendix to the
respective performance speciilcations for each component.

3.1.2.3 Mechanical

[1] TheEM shallcomplywith the requirements of Section4 of the GIS, IS20008501,regarding
Coordinate Systems, Physical characteristics, Design and Construction, Mounting,
AlignmenLMechanisms, Dynamic Characteristics, Structural CriteI@ and Tooling.

DCC073093 12
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[2]

[3]

[4]

[5]

[6]

[7)

[8]

[9]

[10]

I

II I

‘ BDU SIDE A
------- .- HCE

dD-- BDU SIDE B

I
+

TEMP
SENSOR

t

RWAS
(4)

Figure4. RWAEM Commandand TelemetryBus ConnectionD@ram

This mechanicalinterfaceshallbe as definedby the Structureand MechanismPerformance
Spec~lcati~ PS20001415andthe GN&CSensorModuleAssemblyDrawing,20001407.

The EM shallbe attachedto the primary structureusing kinematicmountsto minirrdzeload
sharing with the primary structure.

Each set of kinematicmounts shall consist of one 3-axis, one 2-axis, and two single-axis
kinematic mountsto provideload paths to the primary spacecraftstructure.

This mechanicalintetiace shallbeas is definedbyDrawing20001400andthe Stmcturesand
Mechanisms SubsystemPerformance Speciilcation,PS20001415.

The EM shall have a panel that can be removed to provide access to equipment contained
within the moduleat the EM and Spacaaft levels of assembly.

Removalof this panelshallbepossiblewithoutrequiringtheremovalof anyotherspacecraft
equipment.

The honeycombcore of the EM shalIbe dens~led locally to ensure that throughout testing,
no component internal to the EM experiences accelerationsgreater than 1.25 times those
defined in the Predicted Limit Loads figure of the Geneml Interface Specification (GIS),
1S20008501.

The EM panels shall provide adequate strength at fastener locations for the mechanical
mounting of componentsand assemblies listed in Table II of Section 3.1.3.

TheEM shallbe designedso it canbe independentlyassembled testd attachedor detached
from the EOS Spacecraft structure without requiring disassembly of thermal control
subsystemhardware.
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3.102.4 Thermal

[1]

[2]

[3]

[4]

[5]

[6]

TheEM shallcomplywithSection5 of the GIS,1S20008501,regardingThermal Interfaces,
EnvironmentalFlux Pammetem,and Thermal ControlHardware.

The EM shall comply with with the requirements of the Thermal Control System
Performance Specification,PS20008549.

The EM shall acquire, spread and reject componentheat to the external Spacecraft sink as
necessary to maintain the temperature at each component intetiace to levels below the
maximumlimits specified in the TemperatureRequirementstable in Section 5 of the GIS,
1S20008501.

The Heater Control Electronics (HCE2), using heaters and thermistors in the EM, shall
maintain the tempemtureat each component interface to levels above the minimum limits
specifkd in the TemperatureRequirements table in Section 5 of the GIS, 1S20008501.

Heat dissipating components shall meet the EM/Component Conductive Intexface
requirements in Section 5 of the GIS, 1S20008501.

Temperaturesensors and temperature sensing assemblies shall be provided and comected
to the BDUfor the purpose of tracking thermal perfcmnarm.

3.13 Major ComponentList

Themajor componentsof the RWAEquipment Module are listed in Table II. Each component of
theEM shallmeetthe requirementsimposedonit by its panmtsubsystemperfoxmancespec~lcation.

Table IL RWAEquipment Module Components

Subsystem Component Part Nmnber

Guidance,Naviga- ReactionWheelAssembly-4 20003824
tion& Control

C&DH BusDataUnit (BDU) 20008568

Power Fuse Distribution Board (FDB) 20008694

Thermal RWAEM Thermal Installation 20008678
Heater Control Electronics (HCE) 20008785
Temperate Sensor 20008790
Heaters (includes RWAand Makeup) 20008788
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TableIL RWAEquipmentModule Component--

Subsystem Component Part Number

Electrical Accom- RWAEMH Harness Installation 20038243
modations RWAEMP Power Harness 20008686

RWAEMC C&DHHarness 20038260

Suuctures and RWAEM StructureAssembly 20008903
Mechanisms Radiator (Bottom)Panel (-Z) 20008904

Radiator (End) Panel (+X) 20008906
Radiator (Access)Panel (-Y) 20008905
Panel Assembly (-X) 20008906
TopPanel Assembly (+2) 20008907
Side Panel Assembly (+Y) 20008908
KinematicMounts 20001400
RWASupport Bracket 20041188

3.2 characteristics

3.2.1 Performance

The perfonnauce requirements for the RWA EM are derived tim the CEI Spec~lcation,
PS20005396

3.22 Physical Characteristics

3.2.2.1 weight

The total weight of the RWAEM shall not exceed 280 lbs.

3.22.2 Power Consumption

The power consumptionof the EM componentsfor the differentEOS spacecraftopemting modes
shall not exceed the values specifkd in Table III.

Table III. RWAEM Power Consumption (Watts)Ill

Compo- Ground Standby Delta-v ScienceMode survival Safe Mode
nent Testand Mode Mode Mode

Launch/
Ascent Nominal ~[4] Max Min

Mode

POWER CONSUMPTION:
RWb 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0
BDU 9.2 9.2 92 9.2 9.2 9.2 9.2 9.2 9.2
FDB 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

- mwl) PD-V U’BD-1) CrBD-V (T’BD-1)(mm-l) (mm-l) (TBD-1) (’mJ14)
.
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Table IIL RWAEM Power Consumption (wat~)[l~ (cOntined)

Compo- Grotmd standby Delta-v Saence Mode survival Safe Mode
nent Testand Mode Mode Mode

Lamlcb/
Ascent Nominal -[4] Max Min

Mode

HC~21 4.4 4.4 1.1 1.1 1.1 1.1 4.4 4.4 1.1

Total
Elm

(1) “Maxmmxn allowableone orbit averagepowerallocationsto aatkfy perfOrmanOerequirementsfor the mode.

(3 Doesnot ~C~& ~ h-r power. power +own is the sum of the akcationa for the HCE2a.

3.2.2.3 Power Dis&pation

The thermal dissipationof the EM componentsshall be equal to the power consumption described
in 3.2.2.2 exceptfortheforthefollowingcomponents:

a.

b.

3.2.2.4

FDB dissipationshall be no greater than 1.1W in any mode, and

Power harness dissipationshall be no greater than 0.6W in any mode.

Dimension

The dimensionsof the RWAEMs shallnot exceedthe dimensionsgivenbelow. Actual dimensions
am defined in assembly drawing20001409.

Length (X) 59 inches
Wkkh (Y) 25 inches
Height ~ 28 inches

3.225 qti md Storage
[1] Accommodationsfor tie-downs, pallets, packaging,and containemnecessary for transport

andstorageoftheEquipmentModuleshallbe madeto easehandlingby,andinteractionwith,
Ground SupportEquipment (GSE).

[2] The properonentationforplacing itemsin storageortransportat.ioncontainersshallbe made
obvious by design or marking.

[3] The EM shall providelift points capableof supportingthe EM and any accompanyingGSE
under handling loads of 2g vertical per MIIA3TD-1367A.

[4] When four or more lift points are provided, any combination of three shall be capable of
lifting the entire load.

3.22.6 Integration and Test

[1] The EM design shalldefine anyGSErequired for cooling the Assemblyduring I&T as well
as during processingat the launch site.

[2] The Asembly shall incorporate the thermal GSE interfaces which are necessary to ensure
adequate ground cooling.
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[3] The intedaces shall be accessibleto the thermal GSE at the Spac&xaftlevel of assembly.

[4] Ground coolingof the EM shall be accomplishedby @BD-2).

[5] The EM design shall ensure that access to the intexfaceconnectoris su.filcientto preclude
the need for blind-mate comectom during installationof the EM on the Spacecraft Core.

3.2.2.7 - “

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

3.23.8

The EM shall conform to Martin Marietta Astro Space (Astro Space) assembly drawings
20008904-20008909. These drawings shall define the followingparameters:

Layout

Fuses for the EM shall be lcxated, to the extent practical, such that it is possible to replace
or view any fuse without requiringany disassemblyof the EM.

Componentspacingshall provi& cleamncefor harness runs and comector access.

The EM shall, to the extent practical, enswe that any component contained in the Major
Assembly can be removed withouthaving to remove any other component.

Componentspacingshall provide clearancefor harness runs and connector access.

All flight equipmentwhich would requh maintenancedwing a storage period of 5 years
or less shall be accessible when the Spacecraftis in its stored con.tigumion.

AUSpacecraftcomponentswhichaxetigile orothenvise susceptibletodamageshall,where
practical, be guardedor located so as to reduce this susceptibility. -

Sensitiveadjustmentcontrolsand actuatorsshallbe locatedor guardedto protect themfrom
inadvertent perturbation.

Componentlabelingshallbe visible whenthe componentis installedin the parentassembly
or stowed. Labels shall be installed such that they are readableby the unaided human eye.

Configuration

Physical size.

Mounting requirementsand interfaces.

External finishes.

Electrical connector locationsand sizes.

Connectorreference designators.

Method of identification.

Natural Frequency

a.

b.

c.

d.

e.

f.

3.2.2.9

The natural frequency of the RWAEM shall be no less than the level specified in the appendix to
the StructuEs and MechanismsSubsystemPerformanceSpectication, PS20001415.

3.2.2.10 Alignment

TheRWAsshallbemountedasspecifkxiinDrawing(’I’BD-3).TheRWASshallbe mountedto the
baseplatewithin0.75 degreeswithlmowledgeof the mountingto within 300 arc-seconds.

17
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3023 Reliability

Reliabilityrequirementsare levied at thecomponentlevel, andan overallreliabilityrequirementfor
the GN&C Subsystem is defined in Section 3.2.5 of the GN&C Subsystem Specification,
PS20004937.

3.2.4 Durability

The EM shall be capable of withstanding launch and on-orbit environments specified in the GIS,
1S20008501,for a period of at least five years.

3.2.5 Maintainability

[1] The EM shall be designed so that no regular maintenance will be required. Any required
maintenance will be performed at the component level only.

[2] Removabledustcoversorotherprotectivedevicesshallbeprovidedov~electrical connectors.

3.2.6 Environmental Conditions

3.2.6.1 General

[1] The EM shall be capable of meeting all performance requirements when operating in
Spacecraft bay 2 on the -Y side of the Spacamft.

[2] TheEM shallbe capableof be capableof meetingtherequirementsdefinedin this document
after exposure to the handling, transportation,and launchenvironmentsdefinedin the GIS,
1S20008501Section 6,

[3] and to the test environments defined in the VerificationSpeciilcation (’W), 1S20005404.

[4] The EM shallbe capableof be capableof meetingtherequirementsdefinedin this document
during exposure to the mission orbit environment specified in the GIS, 1S20008501
Section 6.

[5] The EM shall comply with the requirements of the Contamination Control Plan,
PN20001412.

3.2.6.2 Sine Vibration

[1] The RWASensor EM shall remain undamaged during and following exposure to the sine
vibration tests.

[2] The EM structure shall ensure that no component internal to the EM experiences
accelerations greater than 1.25 times those defined in the Predicted Limit Loads figure of
the General Inttxface Specifkation (GIS), 1S20008501when the EM experiences the test
levels.
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3.2.7

[1]

[2]

3.3

[1]

[2]

[3]

[4]

[5]

3.3.1

[1]

3.3.2

[1]

[2]

[3]

3.33

[1]

[2]

[3]

c.
--

‘lkansportability

The EM shall be capable of being transportedby surface vehicle or aimaft.

The transportingenvironmentshall be controlled so as to be less severe than the spectled
operatingenvironment.

Dsign and Construction

Its design shall be such that it can be independentlyassemble4 test~ and attached to or
detachedfrom the EOS AM Spacecraftstmcture.

The EM design shall preclude improper installation to the Spacecraft, where practical.

AUelectrical comectors shall be selected size~ keyti and/or marked such that incomect
attachmentto the mating comector is prevented.

Allcomectors shallattachsuch thatthe connectorscannotbe inadvertentlyunlockedduring
ground operations.

TheEMdesignshallcomplywiththeDesignandConstructionrequirementsspeciliedin the
GIS, 1S20008501,for General requirements, Identifkat.ion and Marking except for the
Content paragraph, Finishes, Venting, Interchangeability, and Drawing Terms and
Tolerances.

Materi~ Processes,and Parts

All materials, parts, and processes used in the design and construction of the EM shall be
selectedand controlled in accordancewith the requirementsfor Toolingin section 4 of the
GIS, IS20008501.

Electric Fields

Componentsshall meetthe electricfield emissionsrequirementsin theEquipmentRadiated
Emissions (RE02, REOURE04)section of the EquipmentEMI Requirements in the EMC
Control Plan, PN20005869.

Components shall meet the requirements of the Radiated Susceptibility (RS03) Electic
Fields section and the

Radiated Susceptibility On-Orbit Environment section of the Equipment EMI
Requirementsin the EMC Control Plan, PN20005869.

MagneticFields

Componentsshall meet the magneticfield emission and

magnetic properties requtiments in the Equipment Radiated Emissions and Equipment
RadiatedProperties sectionsrespectivelyof the EquipmentEMI Requirements in the EMC
ControlPlan, PN20005869.

Componentsshall meet the requirements of the Radiated Susceptibility (RSO1)Magnetic
Fieldssectionof theEquipmentEMIRequirements in the EMCControlPlan, PN20005869.
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33.4

[1]

[2]

[3]

[4]

[5]

[6]

m

3.3.5

c. .
Nameplates and Product Marking

The EM shall be marked for identilcation in accordance with the Identification Marking
Stanm S32534,Rev E, and ICD 20001411.

Conspicuousmarkingsor labels shall be affixed to the EM components. The identilcation
shall contain, as a minimum,the following:

a.

b.

c.

d.

e.

Astro Space Part Number

‘!RWAEquipment Module”

Revision Level

Date of Manufacture

Contract Number.

Applicable date-sensitiveinformation shall also be identified.

Hardware or equipment which is not suitable for use in flight, and which could be
accidentally substituted for flight or flight spares hardware, shall be plainly marked and
identifkd to indicate this status.

All test points, adjustment devices, and alignment points shall be labeled for positive
identilcation.

Wms and cables for hardwareshallnot be identified by hot stampingdirectly onto p-

or secondary (shield) insulation.

The proper orientation for placing items in storage or transportation containers shall be
obviousby design or mar~g.

Workmanship

[1] The electrical design of the EM shall
in NHB 5300.4 (3A-1, 3G through 3K).

3.3.6 Safety

be in accordancewith the design requhements specified

[1] The design shall meet the factors of safety presented in the mechanical section of
1S20008501.

[2] Where practical, hazards shall be eliminated or removed through design measures.

[3] Hazards whichcannotbe elirninatedorremoved shall,wherepmctical,beprevented through
incorporation and use of safety devices or features.

[4] Remaining hazards shall be controlled using warning devices and/or special procedures.

[5] Automated detectionand safing of hazards whichmay cause personnel injury or loss of the
Spacecraft shall be independentof those subsystems being monitored.

[6] Where practical, the detection and safing of lesser hazards shall also follow this practice.
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3.3.7

[1]

3.4
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Designdecisionsshall accommodatecompliancewithsafetyreqkments specifiedin this
document before accommodating any other considerations (e.g., cost, schedule,
performance).

Human PerformancdIknan Engineering

The EM shall comply with the human engineeringcriteria of MIL-STD-1472.

Documentation

Documentationshall be in accordancewith the Data Requirementslist of the EOS-AMSpacecraft
Statement of Work(SOW),contract number NAS5-32500.

3.4.1 Specifidions

All parent and component specifications associated with this specification are shown in the
EOS-AM SpacecraftSpecificationTree, 20008536.

3.4.2 Drawings

[1] The EM shall be defined by prepared drawings. Drawing 20001411G1shall define and
control the physical parameters of the EM,

[2] and drawing 20038240 shall describe the EM harness.

3.43 TestPlans and Procedures

[1] Detailed qualificationand acceptancetest plans and proceduresshall be prepared

3s Precedence

In the event of conflictingrequirements between the documentsreferencedherein and the content
of this document, the following descending order of precedence shall be used in resolution of the

conflicc

a.

b.

c.

d.

e.

f.

g.

h.

RequirementsDocument for the EOS AM Spacecraft@D)

PerformanceAssuranceRequirements for the EOS Observatories(PAR)

UniqueInstrument Interface Documents

The General Instrument J.ntetiaceSpwfilcation (GIIS)

ContractEnd Item (CEI) SpecKlcation

External Interface Control Documents(ICD’s)(e.g., EOS to Launch Vehicle,EOS to
TDRSS, etc.)

Subsystem and Major Assembly Specflcations

ComponentSpeci.flcations
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4 QUALITY ASSURANCEPROVISIONS

--

ThissectionoutlinesIhestructu.reandmquirementsofaqualityassuranceprogramfortheRWA EM.
The purpose of the programis to demonstratethat the RWAEM has been manufacturedproperly,
that it meets the performancenquirements defined in Section 3, and that it will operate properly
whenconnectedto its associatedsubsystems,EMs,majorassemblies,andcomponents. The overall
quality assurance approachis defined in the PAIP,PN20005397. The general testing approach is
defined in the Vtilcation Plan,PN20005404. Specifictest descriptionand levels are found in the
the Veritlcat.ionSpecification,PS20005404.

4.1 General

Each of the requirements in Section 3 of this spectilcation shall be verified.. Test methods and
measurementsshall be compliantwith all requirementsherein.

The test flow for the RWAEM is definedin the RWAEM TestPlan, TP20001409. The RWAEM
will be vibmtion strengthtestedusing mass modelsbefore the flight componentsare installed. All
testing after the flight componentsare installed will beat acceptancelevels.

4.1.1 Responsibtity for Tests

Unlessotherwisespecifiedherein,or in theStatementof Wok acceptanceand qua.lii3cationtesting
shall be pexformedby Astro Space.

4.12 Special Testsand F “ tiOIIS

***Notapplicable***

4.13 ReliabilityTest

***Notapplicable***

4.1.4 EngineeringEvaluationand Test

***Notapplicable***

4.1.5 Protoflight Test

Protoflight tests, combined with the other veritlcation methods listed in the VerificationMati,
Attachment A (providedunder sepamte cover), shall verify that the flight hardware design meets
the technicalrequirementsof Section3 ofthis equipmentmodulespecificationto assureoperational
suitability in the defined environments. Protoflight test hardware shall be used for qualification
testing and shalI be identical in cotilgumtion and production processingto flight hardware.

Protoflight tests, where specified, shall consist of qutilcation level exposure of the fmt flight
article for acceptancelevel durations (time andhr cycles).

23 DCC073093



Adjus~ents or tuning of Protoflight test hardware is not
progmrn.The requirements of Section 3 to be verified prior
shall be as S@fid in PN20008745.

4.1.6 Installation T-and Checkout

Installation testing and checkout SM include con~uiu

permitted throughout the enthe test
to, during, or after each environment

checking, interface mating, support
equipment compatibtity, and documentationver’ifkation.The RWAEM Integration and TestFlow
is shown in Figure 5.

4.1.6.1 Electrical Integration and Checkout (EIC)

AnEIC shall be pcxformedto veri@the proper input andgroundingof power,commands,and other
signals prior to mating of flight hardware. The EIC shall also ver@ proper response to power,
commands, and signal upon initial integration of flight hardware. The EM components shall be
integrated with the panel in the following order

a. RWAEM Harness

b. Fuse and Distribution Box

1
RWAEM Structures*

ThermalCcmuolHardware Assemble Electrid In- Functional
Kinematic Mounts ‘ Equipment - tegratiorl & Test

Test F-

components
Harness4

HandlingFixture ~

EMSTEJ EMSTEJ

RotofiighI ?
Comprehensive Three-&is Acceptance Comprehensive

~ - Sine o Acoustic ~ Pelfamarlce
Perkxrnance Exposure Test

Test VMat.icxl

EM STE EMSTE EM HE EMSTE

f
workmanship v

Comprehensive Spacecmft Interface
~ , Thermal ~ Ptiormance ~ ‘ Propenies m Installaticm~ Vermcation

Cycle Test Test&
I I

* RWAEM StructuresStrength‘Iksmd

F@we 5. RWAEM IntegrationAnd TestFlow
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d.

e.

4.1.6.2

=

Heater ControlEkctr@cs (HCE2),Heatemand Sensom E

Bus Data Unit (BDU)

Reaction Wheel Assemblies.

Interfhce Unit Functional Test @T)

A functional test of the Equipment Module shall be performed to test command and data paths
between componentsand to exerciseprime and nxhmdantluudwam

4.1.6.3 ComprehensivePerformanceTest (CFT)

ACPTshallbe pexformedtove~ that theEquipmentModulemeetsthe performancerequirements
in all operationaland contingencymodes, as well as verifyingall command and data paths and all
redundant hardware.

4.1.6.4 Interface VerificationTest (IVT)

AnlVT shallbe pexformedto verifythe properEquipmentModuleinterfacesto the SpacecraftBus.
It verities all ‘power,ground, and signal connectors are properly mated and that there is signal
presence on the properconnectors.

4.1.7 Formal TestVerification

Fmna.1 verillcation of the wrformance requirements of the EM are in the Vefication Matrix,
AttachmentA. The VerificationMatrix identifks the verifhtion method as specfled herein and
the level at which tests areconducted. The EM shallbe testedaccordingto the RWAEMTestPlan,
PN20001409.

4.2 Quality ConformanceInspections

The equipment module shall be exposed to vetilcation conditions which represent those
environments encountered throughout the ground phase and flight mission. The environmental
conditions and levels of exposure are defined in the Vetilcation Spectilcation for the Earth
ObservingSystem(VRD-110),PS20005404,Section4.Therearefour methodswhichmaybe used
individually or in combinationto verify each requirement in Section3. These methods, defined as
inspection (I), analysis (A), demonstration (D), and test (T) we defined in the Vefilcation
Specificationfor the Earth ObservingSystem (VRD-11O),PS20005404,Section 4.

4.2.1 Method of Verification

4.2.1.1 Inspection

Inspection may be used to ver@ design and construction requirements, drawing compliance, or
spec~lc physical dimensions of the equipment module. Inspection is a method of veriilcation of
physical characteristics that determines compliancewithout the use special laboratory equipmen~
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procedures, test support items, or services. Inspection uses standard methcks such as visual gauges,

etc., to verify compliance with requirements. Inspection also includes the rwiew of design
documents,material lists, code, plans, etc., to verify that requirements have been met

4.2.13 Analysis

halytical techniques may be used, in lieu of testing, to verify compliance to specifmdrequirements,

either alone or in combination with test. The selected techniques may include, typically, system

engineering analysis, statistics, qualitative analysis, analog modeling, and computer simulation.

4.2.1.3 Demonstration

Demonstration is a qualitative method of vtilcation that evaluates the properties of the subject

equipment by obsem’ation. Demonstration is used with or without special test equipment or
instrumentation to verify required characteristics such as operational functioning human
engineering features, service and access features, transportability, and displayed data.

4.2.1.4 Test

Test is a quar@tive method of vtilcation wherein performance requirements are verifkd by
measurement during and after the controlled application of functional and environmental stimuli.
These measurementsmay require the use of laboratory equipmen~rec5rded da~ procedures, test
support items, or services.

4.2.10s Classificationof Characteristics

ClassilZcationof chamcteristicsas critical,majorormhm, shallbe as definedin MIL-S’ID-109.

4.2.1.6 Test Equipment

[1] Existing test equipment shall be used wherever practical.

[2] Where new test equipment is required to test units which are physically or functionally
identical or similar, the equipment shall be designed to perform its task(s) on each element
of that group, where practical.

4.2.1.6.1 TkstEquipment Safety Features

[1] Test equipment shall incorporate any safety interlocks or other safety features necessary to
reduce the introduction of safety hazards by the test equipment.

[2] Any safetyfeatureincludedin anySpacecrafttestequipmentshallgive a visual, auditory,
orelectronicindicationof activationwhenit is activated.

4.2.1.6.2 TestEquipment Verification

Unless othenvise specitkd herein, test equipment used to measun? RWA EM performance
characteristics shall be capable of demonstrating that

DCC073093 24



PS20001409
30 July 1993

c.

a. it will not impose environments on the tested item(s) beyond&e levels calledfor in the
VerificationSpecification,PS20005404,and

b. it is capable of imposing the test levels called for in the Verii3cationSpeciilcation,
PS20005404.

c. it is capable of meeting all the requirements imposed on it by the Ground Support
Equipment RequirementsDocumen~20001430(GSERD)

4.2.1.63 TestEquipment Calibration

[1]EM Test equipment shall be calibrated in accordance with the Performance Assurance
ImplementationPlan, 20005397.
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5 PREPARATIONFOR DELIVERY
--

5.1 General

Interior and exteriorshippingcontainersshall be markedin accordancewith the Ident.iilcationand
Marking requirementsof the General Interface Specification,1S20008501.
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6 NOTES

6.1 Definitions

6.2 Abbreviationsand Acronyms

ACE

BDU

C8ZDHS

CEI

EAS

EIC

EM

EMC

EOL

EOS

FDB

FI’

GIS

GN&C

HCE

ICD

IVT

I&T

lb

Pm

PAML

PAPL

PAR

RWA

RWAEM

Attitude Control Electronics

Bus Data Unit

Commandand Data Handling Subsystem

ContractEnd Item

ComprehensivePerformanceTest

Electrical AccommodationsSubsystem

Electrical Integration and Checkout

Equipment Module

ElectromagneticCompatibility

End-of-Life

Earth ObservingSystem

Fuse DistributionBox

Functional Test

General Interface Specification

Guidance,Navigation,and Control

Heater ControlElectronics

Intetiace Control Document

Interface Vefilcation Test

Integration and Test

Kinematic Mounts

Pounds (Mass)

Performance AssuranceImplementationPlan

Program Approved Materials and ProcessesList

Program ApprovedParts List

Petiormance AssuranceRequirements

Reaction Wheel Assembly

Reaction Wheel AssemblyEquipment Module
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SM GN&C SensorModule

SMS Structures and MechanismsSubsystem

sow Statement of Work

STE Special TestEquipment

TBD To Be Determined

TBR To Be ReviewedResolved

6.3 Exceptionsto the GIS and GIIS

None.

6.4 Requirements lkaceability Matrix

Requirements in Section 3 of this specflcation were derived from the source documen~
PS20005396,ContractEnd Item (CEI) Spedlcation. Complianceto these requirementsare shown
in the RequirementsTraceability Matrix, Attachment B, providedunder separate cover.
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APPENDIX I

10 RWAEM ELECTRICALCONNECTORCONTACTASSIGNMENTS

The EM connectorson the electrical connectorbracket shall be conilgu.redas shown in Figure 6.

All Contact Numbers are (TBD-4).

All Circuit Categties are (TBD-5).
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ConnectorDesignation:WXJO1

Part Numbe~ 20034844PJ1F32N

r

Contact FunctionName
Number

RWA1120VA POS-1

RWA1120VA RTN-1

RWA1120VA POS-2

RWA1120VA RTN-2

RWA1CHASGNDA

RWA2120V A POS-1

RWA2120VA RTN-1

RWA2120VA POS-2

RWA2120VA RTN-2

RWA2CHASGNDA

RWA3120VA POS-1

RWA3120VA RTN-1

RWM 120VA POS-2

RWA3120VA RTN-2

RWA3CHAS GNDA

RWA4120V A POS-1

RWA4120V A RTN-1

RWA4120V A POS-2

RWA4120V A RTN-2

RWA4CHASGNDA

RWAFDBA 120VPOS-1

RWAFDBA 120V
RTN-1

RWAFDBA 120VPOS-2

RWAFDBA 120V
RTN-2

RWAEM FAULTGNDA

ConnectorFunction: Power Input to RWA- A
ConnectorType: 32 pill circular

Circuit Category Source/Destination

,

Power EM PDU / RWA1

Power EM PDU / RWA1

Power EM PDU / RWA1

PowerEM PDU / RWA1

Power EM PDU / RWA1

Power EM PDU / RW#L2

Power EM PDU / RWA2
1

I Power EM PDU / RWA1

-PowerEM PDU / RWW

Power EM PDU / RWA2

Power EM PDU / RWA3

Power EM PDU / RWA3

==E==
Power EM PDU / RWA4

Power EM PDU / RWA4

Power EM PDU / RWA4

Power EM PDU / RWA4

Power EM PDU / RWA1

Power EM PDU / RWAFDB A

PowerEM PDU / RWAFDB A

Power EM PDU / RWAFDB A

Power EM PDU / RWAFDB A

I Power EM PDU / RWAFDB A

ConnectorDesignation: WXJ02 ConnectorFunction: Power Input to RWA- B
Part NumbeE 20034844PJlF32A Comector Type: 32 pill CirCUkU
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1ConnectorDesignation WXJ02 ICom=tor Function Power Input to RWA- B I
Part NumbeK 20034S44PJl132A Conn@or me: 32 pin circular
(Continued)

contact Function Name Circuit Category Source/Destination
Number

I 1 I

RWA1120VB POS-1 I I Power EM PDU / RWA1

RWA1120VB R~-1 Power EM PDU / RWA1

RWA1120VB POS-2 Power EM PDU / RWAI
I 1 1

RWA1120VB RTN-2 I I Power EM PDU / RWA1

RWA1CHASGND B Power EM PDU / RWA1

RWW 120VB POS-1 Power EM PDU / RWW

RWA2120VB RTN-1 PowerEMPDU/ RWA2
I I 1

RWA2120VB POS-2 I I Power EM PDU / RW&
1

RWA2120VB R~-2 -PowerEM PDU / RW~

RWA2CHASGND B Power EM PDU / RWA2

RWA3120VB POS-1 Power EM PDU / RWA3

RWA3120VB RTN-1 Power EM PDU / RWA3

RWM 120VB POS-2 Power EM PDU / RWA3

RWW 120VB RTN-2 PowerEM PDU/ RWN
I I

t

1

RWA3CHASGND B Power EM PDU / RWM I
RWA4120V B POS-1 Power EM PDU / RWA4

RWA4120V B RTN-1 Power EM PDU / RWA4

RWA4120V B POS-2 Power EM PDU / RWA4

RWA4120V B RTN-2 Power EM PDU / RWA4

RWA4CHASGND B Power EM PDU / RWA4

RWAFDBB 120VPOS-1 Power EM PDU / RWAFDB B

RWAFDBB 120V Power EM PDU / RWAFDB B
R’IN-l

I

RWAFDBB 120V Power EM PDU / RWAFDB B
RTN-2

RWAEM FAULTGND B Power EM PDU / RWAFDB B

ConnectorDesignation: WXJ03 Connector Function: RWAl/3 Contrwl

Part Numbe~ 2OO42415P1O37PA Conneetor Type: 37 pin Cireldar
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Con.neetorDesignation:WXJ03 ConnectorFunction: RWAM3 Control

Part NumbeE 2OO4M15P1O37PA Connectorme: 37 pin circular
(Continued)

contact FunctionName circuit category Source/Destination
Number

RWA1TachA 15Vdc ACEIRWA1

RWA1TachA 15Vdc ACE/ RWA1
Rm

RWA1TachB 15Vdc ACE1RWA1

RWAITachB 15 VdcRtn ACE/ RWA1

RWA1CaseGrid-l ACEIRWA1

RWA1TachA 01 Pulses ACEI RWA1

RWA1TachA 01 Rtn ACE / RWA1

RWA1TachA 02 Pulses ACEI RWA1

RWA1TachA 02 Rm ACEI RWA1

RWA1AnalogControl ACE / RWAI
Voltage

RWA1AnalogControl ACEI RWA1
Signal Return

RWA1TachB 01 Pulses ACEI RWA1

RWA1TachB 01 Rtn ACE/ RWA1

RWA1TachB 02 Pulses ACE I RWA1

RWA1TachB 02 Rm ACE/ RWAI

RWA1Case Grid-2 ACE I RWA1

RWA3TachA 15 Vdc ACE I RWA3

RWA3TachA 15 Vdc ACE / RWA3
Rm

RWA3TachB 15Vdc ACEI RWA3

RWA3Tach B 15VdcRm ACE / RWA3

RWA3Case Grid-l ACE/ RWA3

RWA3Tach A 01 Pulses ACE I RWA3

RWA3Tach A 01 Rm ACE I RWA3

RWA3Tach A 02 Pulses ACE I RWA3

RWA3TachA 02 Rm ACE/ RWA3

RWA3Analog Control ACE I RWA3
Voltage
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IConnectorDesignation: WXJ03 {ConnectorFunction: RWAM control I

IPart Number: 24IO42415P1O37PA Conneetor~ 37 pin cimdar
(Continued)

I

I contact I Function Name I circuit category I Source /Destination I
I Number I I I II I

t

I

RWA3Analog Control I I ACE I RW~
I I Signal R;tum I I II I

I I RWA3Tach B 01 Pulses
1

ACEI RWA3 I
I 1

I I
I

RWA3Tach B 01 Rtn I I ACE / RWA3 I
I I RWA3Tach B 02 Pulses

1
I I ACE I RWA3
1 1

I I
I

RWA3TachB 02 R!n I I ACE I RWA3 I
1 1

I

I

RWA3Case Grid-2 ACE I RWA3

I I RWA3Tach B 01 Pulses I I ACE I RWA3 I
1 ,

t

1

I RWA3Tach B 01 Rtn I ACE I RWA3 I
I I RWA3Tach B 02 Pulses I I ACE / RWA3

I I RWA3Tach B 02 Rtn I I ACE / RWA3 I,

I I
1

RWA3Case Grid-2 I I ACE I RWM I

Comector Designation WXJ04 ConnectorFunction: RWA244 Control
Part Number: 2OO42415P1O37PA Connector~: 37 pin circular I

contact Function Name circuit category Source/Destination
Number

RWA2TachA 15 V& ACE/ RWA2

RWA2TachA 15 V& ACEI RWA2
Rtn

RWA2TachB 15 V& ACE/ RWA2

I IRWA2Tach B 15Vdc Rtn I I ACE i RW~ I
1 !

I I
I

RWA2Case Grid-l I I ACE/ RWA2 I
I I RWW Tach A 01 Pulses I I ACE I RWA2 1

I 1

I I

I

RWA2Tach A 01 Rtn I ACE / RWA2
1 ,

t I RWA2Tach A 02 Pulses
I

I I ACE I RWA2 iI 1

I
I

I RWA2Tach A 02 Rtn I ACE/ RWA2 I
I I

I
I

I RWA2Analog Control I I ACEI RWA2 I
Voltage

RWM AnalogControl ACEI RWA2

I I Signal Return I I 1
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ConnectorDesignation:WXJ04

Part NmnbeE 2QO42415P1O37PA
(Continued)
D=

Contact FunctionName
Number

RWA2TachB 01 Pulses

RWA2TachB 01 Rtn

RWA2TachB 02 Pulses

RWA2TachB 02 RtII

RWM CaseGrid-2

RWA4TachA 15Vdc

RWA4Tach A 15Vdc
Rtn

RWA4TachB 15Vdc

RWA4TachB 15 VdcRtn

RWA4Case Grid-l

RWA4TachA 01 Pulses

RWA4Tach A 01 Rm

RWA4TachA 02 Pulses

RWA4TachA 02 Rm

RWA4Analog control
Voltage

RWA4Analog Control
Signal Rem.m

RWA4Tach B 01 Pulses

RWA4Tach B 01 Rtn

RWA4Tach B 02 Pulses

RWA4Tach B 02 Rm

RWA4Case Grid-2
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ConnectorFunction: RWA2!4 Control

Connectorme: 37 pin circular

CircuitCategory Source/Destination

ACEI RWA2

ACEI RWA2

ACEI RWA2

ACE/ RWU

ACE/ RWA2

ACE/ RWA4

ACE/ RWA4

ACE/ RWA4

ACEI RWA4

ACE/ RWA4

ACEI RWA4

ACE/ RWA4

ACEIRWA4

ACE/ RWA4

ACBI RWA4

ACE/ RWA4

ACE/ RWA4

ACE/ RWA4

ACE/ RWA4

ACE/ RWA4

ACE/ RWA4

IConnectorDesignation:WXJ05 IConnectorFunction: C&T 1553DATABUS 1
lPart Number: 20040889PI IConnector~pe: ‘IkiaxMcircular

Contact I FunctionName I Circuit Category I Source /Destination
Number
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ConnectorDesignation WXJ05 IConnectorFunction C&T 1553 DATABUS

Part Nmnb= 20040889P1 IConnectorType: lkiaxid circular I
I

Contact Function Name Cixmlitcategory Source/Destination
Number

Center C&T1553BData Bus A RWABDU / CTIU
Intermediate Stub 1
Outer Shell

ConnectorDesignation WXJ06 IConnectorFbnctiom C&T 1553 DATABUS
Part Number: 20040889P1 Connector l’jqw: ‘Maxial cimular
t

contact Function Name circuit Category SourcelDestination
Number

Center C&T 1553BData BusA RWABDU / CTIU
Intermediate Stub 2
Outer Shell

IConnectorDesignation: WXJ07 Connector Function: C&T 1553 DATABUS
Part Number: 20040889P1 Connector~pe: Triax&lcimular I

contact I Function Name I Ciiuit category

I
Source/Destination

Number I
4

Center C&T 1553BData Bus B RWABDU / CTIU
Intermediate Stub 1
Outer Shell
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ConnectorDesignation:WXJ08 ConnectorFunction: C&T 1553DATABUS

Part Number: 20040889Pl Comector Type: ‘IkiaxMCimular
b

contact FunctionName circuit category Source/Destination
Number
Center C&T1553BDataBus B RWABDU/ CTIU

Intermediate Stub2
OuterShell

IConnectorDesignation:WXJ09

IPart Numbe~ ZOO42415P1OO9PA

CTIUIWBDUAON
CMDRTN

&

CTIUIWBDUAOFF

I I C’ITUIWBDUAOFF
CMDRTN

CITUIWBDUBON

CI’IUIWBDUBON
CMDRTN

CI’IUIWBDUBOF.F
cm

~lWBDUBOFF
CMD RTN

ConnectorDesignation: WXJ1O
Part Numbe~ 2OO42415P1OO9PA

Contact FunctionName
Number

CTIU2 WBDUA ON
cm

cTru2wBDu AoN
CMDRTN

ConnectorFunction: BDU ON/OFFCOMMAND
Connector~: 9 pin Rectxqular D

circuit category Source1Destination

CTIU/BDUA

CI’IUIBDUA

CTIU/BDUA

C’ITU/BDUA

CTIU/BDUB

CTTU/ BDU B

CTIU / BDU B

CTIU/ BDU B

ConnectorFunction: BDU ON/OFFCOMMAND
Connector~: 9 pin RectangularD

Circuit Category Source/Destination

CTIU/BDUA

CTIU/BDUA
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] ConnectorDesiioKE WXJ1O IConnectorFunctioIx BDU ON/OFF COMMAND 1
lPart Numbem2QO42415P1OO9PA
(continued)

contact
Number

IConnector-. 9 pin Rec@ngularD

Function Name circuit category Source/Destination

C’ITU2WBDUAOFF CITU/BDUA

CTIU2WBDUAOFF CI’IU/BDUA
CMDRTN

crru2wBDu BoN CTIU/BDUB

CI’IU2WBDUBON
CMDRTN

CITCJ2WBDUBOFF
cm

crIu2wBDu BoFF
CMDRTN

CTIU/BDUB

CTIU/BDUB

CTIU/BDUB
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1 SCOPE

This specKlcationestablishes the performance,design, development and test requtiments for the
recorder equipment module (REM) critical item. The recorder EM shall meet all the applicable
requirements of the Contract End Item (CEI) Spedlcation for the EOS Spacecraft,PS20005396
(SEP-101), throughout its design life. The pxincipal xequimment of modularity to facilitate
Spacecraft construction, maintenance and serviceability.is satisfkd by this,module design. The
equipment module will be designedto facilitate producibility,integration,and accessibilityto the
internal components while minimizing weight The equipment module will be modular to allow
on-ground removal and replacementonto the Spacecraftcore.
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2 APPLICABLE DOCUMENTS

2.1 Government Documents

The following documentsof the exact issue shown,forma part of this specifkation to the extent
specifkd herein. In the eventof conflictbetweenthe documentsreferencedhereinand the contents
of this spedlcation, the contents of this spectlcation shall take precedence, except as defined in
Section3.5 herein.

2.1.1 Military

MIL-STD-1553B
8 September 1986

2.1.2 NASA

421-12-1141
29 January 1993

421-12-04-01
6 November 1992

421-12-1242
Rev A., Mar 93

421-12-03-02
(TBD-1)

421-12–15-02
(TBD-2)

NHB 5300.4 (3A-1)
December 1976

NHB 5300.4 (3G)
Aprd 1985

NHB 5300.4 (3H)
May 1984

NHB 5300.4 (31)
May 1984

AircraftInternal Time Division Command/Response
MultiplexData Bus, Change Notice 2

UniqueInstrumentInterface Documentfor the
AdvancedSpaceborneThermal Emission and
ReflectionRadiometer (ASTER)

UniqueInstrumentInterface Document for the
Moderate-ResolutionImaging Spectroradiometer
(MODIS)- Rev A, CH-01 and CH-02

UniqueInstrumentIntetiace Document for the
Clouds and the Earth’sRadiant Energy System
(CERES)

UniqueInstrumentIntetiace Document for the
Multi-Angle Imaging Spectr&Radiometer (MISR)

UniqueInstrumentInterface Documentfor the
Measurementof Pollution in the Troposphere
(MOPITT)

Requirementsfor Soldered Electrical Connections

Requirementsfor InterconnectingCables,
Harnesses,and Wiring

Requirementsfor Crimping and Wire Wrap

Requirementsfor Printed Wiring Boards
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NHB 5300.4 (3J) Requirementsfor Conforms.1Ckting and Staking of
Apd 1985 Printed Wiring Boards and Electronic Assemblies

NHB 5300.4 (3K) Design Requirements for Rigid Printed Wiring
Apfl 1985 Boards and Assemblies

2.2 Non-Government Documents

The following documentsof the latest issue, forma part of this spec~lcation to the extent spec~led
herein. In the event of conflict betweenthe documents referenced herein and the contents of this
spectilcation, the contentsof this specificationshall take precedence,except as defined in Section
3.5 herek.

2.2.1 specifications:

1S20008501

PN20Q05397

PN20005869

PN20001411

PN20001412

PS20001415

PS20005396

PN20005297

PS20005404

PS20008549

PS20008567

PS20008568

General IntexfaceSpecKlcationfor the EOS-AM
Spacecraft (ICD-101)

Performance AssuranceImplementationPlan (PA.IP)

Electromagnetic Compatibility (EMC) Control Plan,
(SEP-106)

Recorder Equipment McxiuleTst Plan

EOS-AM SpacecraftCmtamination Control Plan
(SEP-107)

PexfomxmceSpecKlcationStructures and Mechanisms
Subsystem (SMS)

EOS AM Spacecraft Contract End Item Specification,
SEP-101

EOS-AM Performance Assurance Implementation Plan
(PAIP)(PA-1OO)

EOS-AM Spacecraft Vetiication SpecKlcation
(vR.D-l 10)

Performance SpecdZcationThermal Control Subsystem
(TCs)

Performance Specit3cationCommand and Data
Handling Subsystem (C&DHS) (SP-301)

Performance Specflcation Bus Data Unit (BDU)
(SP-302)
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PS20008569

PS20008575A

PS20008580

PS20008588

PS20008589

PS20008636

PS20008694

PS20008785

PS20038286

Source:

2.2.2 Standards:

S32534,Rev.E

Source:

2.2.3 Drawings:

20008536
13January 1993

20001411G1

Source:

2.2.4 OtherPublications:

20001430

c .
Performance Speciflcat.h, Conimandand Telemetry
InterfaceUnit (C1’IU) (SP-302)

Critical Item DevelopmentSpecKlcationScience
Formatting Equipment (SFE) (SP-302)

PerformanceSpectilcation CommunicationsSubsystem
(COMS)

PerformanceSpecflcation, KSAModulator (SP-402)

Performance Specification,DAS Modulator (SP-402)

PexforrnanceSpecflcation Electrical Accommodations
Subsystem(EAS)

Petiorrnance SpecK1cationFuse and Distribution Box
(FDB)

Performance SpecK1cationHeater Controller
Electronics- ~pe 2 (HCE2)

Critical Item DevelopmentSpecificationSolid-State
Recorder (SSR) (SP-302)

Martin Marietta Astro Space
P. O. BOX 800
Princeton, NJ 08543-0800

IdentificationMarking

Martin Marietta Astro Space
P. O. BOX 800
Princeton, NJ 0854M800

EOS AM SpacecraftObservatorySpecificationTree

Recorder EquipmentModuleAssemblyDrawing

Martin Marietta Astro Space
P. O. BOX 800
Princeton, NJ 08543-0800

Ground SupportEquipmentRequirementsDocument
(SEP-104)
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20004280

20038240

ICD20008568

ICD20008569

ICD20008575

ICD20008588

ICD20008589

Source:

c

SubcontractorPerformance AssuranceRequirements

Recorder Equipment ModuleHarness

3nterfaceControl DocumenLBus Data Unit

Interface ControlDocument Commandand Telemetry
Interface Unit

Interface ControlDocument ScienceFormatting
Equipment

Interface Control Document KSA Modulator

Interface Control Document DAS Modulator

Martin Mtietta Astro Space
P. O. BOX 800
Princeton, NJ 08543-0800
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3 REQUEUMENTS

The recorder EM shall meet all performancerequirementsspecfled herein under all combinations
of environmental conditions and input voltages described and after exposure to the launch
environment destibed herein. All requirements are end-of-life (EOL) spec~lcationsunless stated
otherwise.

3.1 Reeorder Equipment Module Description

The recorderEM containselements of severalSpacecmftsubsystems. These subsystemsand their
major functions performedwithin the EM are describedin TableI.

Table I. Recorder EM Subsystem Functions

Subsystem and
Performance I Major EM Subsystem Functions
Specification

Command and - Provides standardizeddata interfacesto the Instruments
Data Handling

Subsystem
(C&DH)

PS20008567

Communica-
tions Subsystem

(COM)
PS20008580

Elecrncal
Power Subsys-

tem (EPS)
PS20004749

Thermal Con-
trol Subsystem

(TCs)
PS20008549

Electrical Ac-
commodations

Subsystem
PS20008636

- Provides high-rate data formatting,routing, recording and playback
- Provides a telemetry data backuprecordingfunction

- Provides a redundant Ku-bandsingle accessmodulator channel
- Provides two redundant X-banddirect access modulatorchannels

- Provides power disrnbution and fusing for all local 120 volt users via fuse
distribution box

- Provides heaters, sensors, and control for maintainingEM
temperatures

- Provides the harness and connectionsfor electrical components
- Groundingand signal reference connections.

Structures &
Mechanisms
Subsystem

PS20001415

- Provides mounting and protectionfor subsystemcomponents
- Provides a thermal path to carry dissipatedcomponent power
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3.1.1 Reeorder EM Functional Description

The recorder EM primmily contains the science data formatting, recording and routing functions,
the telemetry recording function, the Ku-band single access, and the X-band direct access
modulating functions of the Communications Subsystem Spectilcation (PS20008580). The
recorder EM aIso houses the associated power, thermal, and C&DH control and interface
equipment.

The components used to provide these functions are a redundant solid state recorder (SSR)
(PS20038286), consisting of tsvo separately mounted control and memory units, the science
formatting equipment (SFE- PS20008575),two Ku-band single-access modulators (KSAMod -
PS20008588), and two Direct Access System modulators (DAS Mod - PS20008589). Telemetry
data recording is accomplishedwithin the SSR. Non-science-data handling componentsincluded
in this module area bus data unit (BDU- PS20008568),which providesfhe control and telemetry
interfaces for all equipmentin the module heatercontrol electronicsboxes(HCE2-PS20008550),
which interfaces with the thermalcontrolsubsystem(PS20008549);anda fuse and distributionbox
(FDB - PS20008694) which interfaces with the Spacecraft primary power bus. An isometxic
diagram of the recorder EM showing component locations is presented for information only in
Figure 1. Figure 2 shows a functional block diagram of the recorder EM.

3.1.2 Interface Definition

[1] The Recorder Equipment Module and all included components shall use the standard
interfaces &fmed in the General Interface Specification (GIS) for the Earth Observing
System, 1S20008501,unless all exceptions to the GIS are explicitly noted in the affected
component specifkation(s) or in this document.

3.1.2.1 Electrical Inte*ces

Electrical comections betweenandamongthe componentsof all subsystemswithin the modulem
part of the EM harness design.

[1] An electrical interface connectorbracket attached to the +2 panel shall support all module
harness interface connectorsrequired to mate with the bus harness.

[2] All electrical interfaces between the spacecraft and the recorder EM shall meet the
requirements of theGIS Section3 (IS20008501) regardingpower,grounds, standardsignal
interfaces, test points, comectors and pin allocations.

[3] The Equipment Module shall meet the requirementsspecified for spacecraft equipment in
Equipment/SubsystemsEMI Requirements section of PN20005869 (EMC ControlPlan).

[4] AUelectrical connections between the components in the recorder EM and between the
recorder EM and the spacecraft core shall be accomplished through the use of
interconnecting cables as described in the recor&r EM harness installation drawing,
20038240.

[5] These cables and connectionsshall meet theHarnessDesign and Constructionmcpirements
of the Electrical AccommodationsSubsystemPetionnance Spectilcation, PS20008636.
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*Bracket is mounted to outside of EM panel,connectorinterfacefaces-Y

Figure 1. Recorder EM Component Locations
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F@we 2. Recorder EM Functional Block Diagram
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3.102.1.1 Spacecraft Power Bus Interface

[1] TherecorderEM shallacceptprime powervoltageat 120volts dc with a regulationof*4%.
Prime power is definedas the main Spacecraftbus power feeding the recorder EM.

[2] The recorder EM shall connect to the 120VSpacecraftpower bus via four power feeds as
shownin Figure 3.

120 Vdc Bus: Feed A Feed B Feed C Feed D
I I I II I I I

t t v t
EDB I

SIDEA-1 ~ SJDEA-2 : SIDE&l I
SIDEB-2

I
1 , , I

11 1 1 1 1 n 1 1 # n 1 1 I 1 1 I

t

REM

DMU DMU

— z 1 2 — x

Figure 3. Power Distribution in the Recorder EM (REM)

3.1.2.1.2 High Gain Antenna Interface

[1] The KSA modulator shall intexfaceto the high gain antenna as specifiedin ICD20008588,
Performance SpecificationKSAMOD.

3.1.2.1.3 Direct Access Service Panel Interface

[1] The DAS modulator shall interface with the X-Band direct access panel as specfled in
ICD20008589,PerformanceSpecKlcationDAS MOD.

3.1.2.2 Command and Telemetry Interfaces

[1] TherecorderEM interfacetothe Spacecraftcommandandteleme~ busshallbe aredundant
MIL-STD-1553Bbus.

[2] The Commandand Telemetrybus shall be transformercoupledusing twisted shieldedpair
wiring connections.

[3] The BDU shall interface to both the A and B Spacecraftcommand and telemetry buses.
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[4] ‘he BDUshall distributecommandsto, and collect telemetryfrom, all components located
in the recorder EM.

The BDU performancewill be as specifkd in the BDUPerformance Specifkation, PS20008568.

3.1=2.2.1 Command Inputs

The format, function, and timing of the various commandsfor all the REM components are listed
in an appendix to the nxpective pdmnance specflcations of each component.

3.1.2.2.2 Telemetry Outputs

The format, function,and timing of the various telemetryfor all the REM components are listed in
an appendix to the respectiveperformancespecflcations of each component.

3.1.2.23 Telemetry Data Interface to Command and Telemetry Interface Unit (CTIU)

[1] Cross-strappedbidirectiond datainterfacesshowninFigure 4 shallbeprovidedfor the serial
digital data to and from the DCUSof the SSR and the CITUs.

[2] The electrical interface shall conform to the RS-422 requirements of IS20008501.

The telemetry data rate into the SSRis 16kbps with a playbackrate to the CTIUof 256 or 512 kbps.

3.102.3 Mechanical Interfime

[1]

[2]

[3)

[4]

[5]

[6]

[7]

The recorder equipment module shall be mounted to the primary structure via one 3-axis,
one 2-axis and three single axis kinematic mounts.

Access to the module componentsat the Spacecraft level of assembly shall be possible by
removal of the -Y panel.

Removal of this panel shall not require the removal of any other Spacecraft equipment.

The recorder EM structure shall comply with the requirements of the SMS Performance
Specitlcation PS20001415regarding coordinate systems, physical characteristics, design
and construction, mounting, positioning, mechanisms, dynamic characteristics, structural
criteria, and tooling.

The honeycombcore of the REM shall shall be densi.fkd locally to ensure that throughout
testing no componentinternal to the EM experiences accelerations greater than 1.25 times
those defined in the Predicted Limit Loads figure of the General Interface Spectilcation
(GIS), 1S20008501.

The equipment module shall be designed so it can be independently assemble~ teste4
attached or detached from the EOS Spacemft structure without requiring disassembly of
thermal control subsystemhardware.

The EM panels shall provide adequate strength at fastener locations for the mechanical
mounting of componentsand assemblies listed in Table II.
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I EXTERNAL

I SOLID STATERECORDER (SSR) - ptid , INTERFACES

I
i

I
! Primary
I
I
I
~ DCU-1 I

DATAOUT I~1 cm-l

i CLOCK OUT 1

I

I
CLOCK OUT

I
t

I

* ‘)

Secondary
DATAIN

I
I

CLOCK IN
1“

I . I

I I

I DATAOUT

I
1 \

CLOCK OUT m

I CLOCK OUT
I *,seConday

1-
DATAIN \ 1

w
CLOCK IN I

m I

DCU-2 DATAOUT I
*

CLOCK OUT I

CLOCK OUT * Prima~
I

DATAIN
*

CLOCK IN I /

I
I
I

Figure4. SSWCTIUIntefice Connections

3.102.4 Thermal Interface

[1] All thermal control hardware (heaters, MLI, etc.) in the recorder equipment module shall
meet the thermal control hardware requirements of the GIS, 1S20008501, Section 5,
Thermal Intetiaces.

[2] The PlightHardwareComponentCharacteristicsshallbeas specifkdin theThermalControl
Subsystem (TCS)Performance Specflcation, PS20008549.
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[3] The REM shall acquire, sprea~ and reject component heat to tie external Space sink as
necessaxyto maintain the temperature at each component interface to levels below the
maximumlimits specifkcl in the TemperatureRequirements table in Section 5 of the GIS,
1S20008501. (Constant conduction heat pipes embedded into the panel itself may be
incorporated into the -Z and +Y panels of the EM to meet this purpose.)

[4] The heater control electronics (HCE2), using heaters and thermistors in the EM, shall
maintain the temperature at each component intetiace to levels above the minimum limits
specifkd in the TemperatureRequirements table in Section 5 of the GIS, 1S20008501.

[5] Heat dissipating components shall meet the EM/Component Conductive Intetiace
requirements in the GIS, IS20008501, Section 5.

[6] Temperature Sensing Assemblies shall be connected to the BDU for tracking thermal
conditions on the REM.

3.13 Major Component List

The major components of the recorder EM are listed in Table II. Each component of the recorder
EM shall meet the requirements imposedon it by its parent subsystem’sperformancespecflcation.

Table II. Recorder EM Components , .

Subsystem Component Part Number

C&DH Bus Data Unit (BDU) 20008568
Science Fonnatthg Equipment (SFE) 20008575
Solid State Recorder (SSR) 20038286

Data Control Unit @CU’)(2)
Data Memory Unit (DMU) (2)

Communications Ku-Band Single Access Modulator (KSA) (2) 20008588
X-Band Direct Access Modulator (DAS) (2) 20008589

Power Fuse & Distribution Box (FDB) 20008694

Thexmal Heater Control Electronics (HCE2) (6) 20008785
Temperature Sensors 20008790
Temp. sensing Assys. 20008791
Heate~ 20008788

Electrical Recorder Equipment Mdde Harness 20038240
Accommodations (including all connectors)

Structures and Secondary Structure 20008884
Mechanisms Access Panel -Y 20008885

BulkheadPanel Assembly 20008887
Equipment/Radiator Panel Assembly -Z 20008886
Equipment/Radiator Panel Assembly +Y 20008889
End Panel +x -X 20008888
Kinematic Mounts (5) 20001400

DCC072993 14



PS20001411
30July1993

.

3.2 characteristics

3.2.1 Performance

3.2.1.1 Data Processingand Distribution

3.2.1.1.1 Data Formats

The dataformats for both the high- and low-rate instrument data into and out of the science
formatting equipment (SFE),are contained in PS20008575.

3.2.1.12 Data Rates

Data is sent horn the instruments to the SF.Eat the rates specifkd in each instrument UIID.

3.2.1.1.3 Data Routing

[1] The llJ3Mshall accept high-rate science data from the instruments for routing to the SFE
via dedicat@ point-to-pointserial links.

[2] The REM shall acceptlow-rate sciencedata horn the instrumentsvia a 1553Bdata bus for
routing to the WE.

[3] When the SFE receives science data, high-rate or low-rate, from the instruments it shall
format and multiplex it into a data stream in accordance with the SFE performance
specflcation, PS20008575.

[4] This stream shall then be routed to one or more of the following equipments the SSR,the
KSA Modulators,or the DAS Modulatorsin accmiance with commandsreceived from the
Spacecmft control computer (SCC) or the ground via the BDU in the recorder EM.
ICD20008575(WE ICD) contains a listing of these commands.

3.2.1.2 CommunicationsRequirements

3.2.1.2.1 Ku-Band Single Access

[1] The REM’stwo KSAmodulatorsshall interfacewith the WE via a four-bit-wide data path
and data clock.

[2] The REM shall also interface with the high gain antenna (HGA)for transmission via the
Tracking and Data Relay Satellite System (TDRSS). Operating characteristics for the
modulator are contained in PS20008588.

3.2.1.2.2 Direct Access System

[1] The REM’s two DAS modulators which interface with the SFE on the same EM via two
four-bit-wide data paths plus data clock for each as described in ICD20008575.
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[2] The DAS modulators shall interface with the X-Band Direct Access System panel per
ICD20008589.

3.2.12 Telemetry Data Recording

[1] The EM shall record telemetry data by means of two telemetry channels from the SSR’S
DCUS which interface with the CTIUs located in the C&DH EM. The intetiace
characteristics are contained in the CITU ICD, ICD20008569.

3.2.2 Physical Characteristics

3.2.2.1 Mass

[1] The mass of the mmrder EM shall not exceed 970 lbs.

3.2.2.2 Power Consumption

[1] The power consumption for the recorder EM for the dMerent EOS spacecraft operating
modes shall not exceed the values specifkd in Table III.

TableIIL Recorder EM Power Consumption(Watts)I1l
Component Ground Standby Delta-v ScienceMode survival SafeMode17J

Testand Mode Mode Mode
Launw Nonsi- ~[4] Max Miss
Ascent d
Mode

POWER CONSUMPTION:
BDU 9.2 9.2 9.2 92 92 9.2 9.2 92 9.2

WE 90 90 90 90 90 90 0 90 0

DCU1[61 45.8 45.8 45.8 45.8 45.8 45.8 45.8 45.8 45.8

DCU2[61 8.2 8.2 8.2 8.2 8.2 8.2 8.2 8.2 8.2
Jj~l[61 testonly 60 60 60 60 4.fjJ[7] o 60 0
DM2[61 test ally 60 60 60 60 48.2 0 60 0

~Al(3) testonly 18.2 18.2 22.(J5I 18.2 13.8[41 o 18.2 0

KSA2 testonly o 0 0 0 0 0 0 0

DAS1 test only 54.1 54.1 54.1 54.1 54.1 0 54.1 0

DAS2 testCmly o 0 0 0 0 0 0 0

FDB o 0 0 0 0 0 0 0 0
Hc~[21 3.3 33 1.7 1.7 1.7 1.7 3.3 3.3 1.7

Heaters (TBD-3) (TBD-3) (TBD-3) (TBD-3) (TBD-3) (TBD-3) (TBD-3) (TBD-3) (TBIN3)

TotalEM I 348.8+ 347.2+ 351+ 347.2+ 319.2+ 66s+ 348.8+ 66.5+
(1) “Maxmum allowableonembitaveragepowerallocationstosatisfyperformancerequirementsforthemode.
C)~s not~clu&T= h- poweE Power shown is the sum of the allocations for the 6 H-.
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~) 20%dutycycle

(4) -~ me M ~RSS ~m~~ so tit ~cre is a 10% msmit @ cyck.

(5) ASSWIM a 30% transmitduty cycle
[dpower is &livered to tie DMUS via the DCUS

[~ Ames nme of the inmuments are collecting science data-

3.2.2.3 Power Dissipation

[1] The thermal dissipation of the REM componentsshall be equal to the power consumption
described in Table III except for the for the followingcomponents:
a. FDB dissipation shall be no greater than 1.1W in any mode,and
b. Power harness dissipation shall be no greater than 0.6W in any mode.

3.2.2.4 Dimension

The dimensions of the recorder EM shall not exceed the maximum dimensions given below,
including connectors, as defined in assembly drawing20001411G1.

Leng@(X) 52.5 inches
Width (Y) 70.65 inches
Height (Z) 39.7 inches

3.2.2.5 Transport and Storage

[1] Accommodationsfor tie-downs, pallets,packaging,and other handlingfutures necessary
for transport and storage of the equipment module shall be made to ease handling by and
interaction with ground support”equipment(GSE).

[2] The proper orientation for placing items in storage or transportation containem shall be
obvious by design or marking.

[3] The Recorder EM shall provide lift points capableof supportingthe RecorderEM and any
accompanyingGSE under handling loads of 2g vertical (per M3L-STD-1367A).

[4] When four or more lift points arc provided, any combinationof three shall be capable of
lifting the entire load.

[5] Lift points for the EM shall be chosen such that their use does not hamper the installation
of the EM on the spacecraft structure. (e.g., lift points and mountingpoints cannot be the
same points.)

3.22.6 Integration and Test

[1] The Recorder EM shall supply test points via the interface connector for modulated IF
outputs from the KSA and DAS modulators.

[2] Recorder EM design shall ensure that access to the interface connector is suf13cientto
preclude the need for blind-mate connectorsduring installationof the RecorderEM on the
Spacecraft Core.

17 DCC072993



PS20001411
30July1S93

c

[3] @xmd cooling of the EM shall be accomplishedby (TBW). ‘-

[4] Items which for safety reasons may require rapid pre-launch maintenanceshall be readily
accessible.

[5] Itemsrequixingfnquent accessduringI&T or otherprelaunchoperationsshall be accessible
during I&T.

[6] Commandandhousekeepingtelemetry capabilitiesshall be availableboth with and without
RF links.

3.2.2.7 Layout

[1]

[2]

[3]

[4]

[5]

[6]

VI

Fuses for the RecorderEM shall be locate~ to the extent practical, such that it is possible
to replace or view any fuse without requiring any disassemblyof the EM.

TheRecorderEM layoutsshall, to the extentpractical,ensure thatanycomponentcontained
the Major Assembly can be removed without having to remove any other component.

Component spacings shall provide adequate clearance for harness runs.

All flight equipment which would require maintenance during a stomge period of 5 years
or less shall be accessiblewhen the Spacecraft is in its stored conjuration.

All Spacecraftcomponentswhicharefragile orotherwisesusceptibletodamage shall,where
practical, be guarded or located so as to n?ducethis susceptibility.

Sensitiveadjustmentcontrolsand actuatorsshall be located orguardedto protect themfiom
inadvertent perturbation.

Componentlabelingshallbe visible whenthe componentis installedin the parent assembly
or stowed. Labels shall be installed such that they am readable by the unaided human eye.

3.2.2.8 Configuration

[1] The EM shall conform to the assembly drawing 20001411G1.These drawings shall define
the following parameters:
a. Physical size
b. Mounting Requirements and interfaces
c. External ftishes
d. Electrical connector locations and sizes
e. Comectors reference designators
f. Method of identilcation

[2] The EM structure shall provideshielding equivalent to 40 mil of Aluminumfor the internal
components against the charged particle environments specifkd in the GIS, 1S20008501.
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30202.9 Natural Frequency
.

[1] The natural ffequencyof the Recorder EM shall be no less than the level specifkd in the
appendix to the Structures and Mechanisms Subsystem Performance Specfilcation,
PS20001415.

3.23 Reliability

The probability of mission success (Ps) is allocated to the individual subsystems and their
components. This informationmay be found in the applicablePerformancespecifications.

3.2.4 Durability

[1] The recorderEM shall operate as speeifkd hereinfor at least a five-year operational life.

3.2.5 Maintainability

[1] The recor&r EM shall be designedso that no regular maintenancewill be required.

[2] Removable dust covers or other protective devices shall be ~ovided over electrical
connectors.

3.2.6 Environmental Conditions

3.2.6.1 General

[1] TherecorderEM shallbecapableofmeetingtherequirementsdefinedin this documentafter
exposure to the handling, transportation, and launch environments defined in the GIS,
1S20008501Section6,

[2] and to the test environmentsdefined in the VerificationSpecflcation (VS), 1S20005404.

[3] The recorder EM shall be capable of meeting the requirements defined in this document
duringexposureto the missionorbitenvironmentspeci.tiedin the GIS,1S20008501Section
6.

[4] The recorderEM shall be capableof meetingall performancerequtiments whenoperating
in Spacecraftbay 2 on the -Z side of the Spacecraft.

[5] The EM shall comply with the requirements of the Contamination Control Plan,
PN20001412.

3.2.6.2 Sine Vibration

[1] TheREM shallremainundamagedduringandfollowingexposureto the sinevibration tests
defined in the appendix to the Structures and Mechanisms Subsystem Performance
Specification,PS20001415.

[2] The EM structwc shall ensure that no component internal to the EM experiences
accelerationsgxeaterthan 1.25times those defined in the Predicted Limit Loads figure of
the General IntezfaceSpeci.t3cation(GIS), 1S20008501when the EM experiences the test
levels defined above.
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3.2.7

[1]

[2]

3.3

[l]-

[2]

[3]

[4]

[5]

3.3.1

[1]

3.3.2

[1]

[2]

[3]

3.33

[1]

[2]

[3]

c .
lhnsportabiiity

TherecorderEM shall be capable of being tmnsported by surfacevehicle or aircmft

The transporting environment shall be controlled so as to be less severe than the specifkd
operating environment.

Design and Construction

Its design shall be such that it can be independentlyassembled, tested, and attached to or
detached from the EOS AM Spacecraft structure.

The recorder EM design shall preclude improper installation to the Spacecraft where
practical.

All electrical connecton shall be selected, sizet keyed, andbr marked such that incorrect
attachment to the mating connector is prevented.

All connectorsshallattach suchthat theconnectorscannotbe inadvertentlyunlockedduring
ground operations.

TheEM design shallcomplywiththellesign andConstructionrequirementsspecifiedin the
GIS, 1S20008501,for General requirements, Identification and Marking except for the
Content paragraph, Finishes, Venting, Interchangeability, and Drawing Terms and
Tolerances.

Materi* Roceses, and Parts

All materials, parts, and processes used in the design and constructionof the recorder EM
shal.lbeselectedandcontrolled in accordancewith therequimmentsforTmling in section 4
of the GIS, IS2000850L

Electric Fields

Componentsshall meet the electric field emissionsrequirementsin theEquipmentRadiated
Emissions (RE02, REO1/RE04)section of the EquipmentEMI Requirements in the EMC
Control Plan, PN20005869.

Components shall meet the requirements of the Radiated Susceptibility (RS03) Electric
Fields section and the

Radiated Susceptibility On-Orbit Environment section of the Equipment EMI
Requirements in the EMC Control Plan, PN20005869.

Magnetic Fields

Components shall meet the magnetic field emission and

magnetic properties requirements in the Equipment Radiated Emissions and Equipment
Radiated Properties sections respectivelyof the EquipmentEMI Requirements in the EMC
Control Plan, PN20005869.

Components shall meet the requirements of the Radiated Susceptibtity (RSOl) Magnetic
Fiel~ section of theEquipmentEMI Requirementsin theEMC ControIPlan, PN20005869.
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33.4

[1]

[2]

[3]

[4]

[5]

[6]

303s

[1]

3.3.6

[1]

[1]

[1]

[1]

[1]

[1]

[1)

3.3.7

[1]

c

Nameplatesand ProductMarking

The recorder EM shall be marked for identification in accordance with the Identification
Marking Standard S32534,and ICD 20001411.

Conspicuous markings or labels shall be affiied to the recorder EM components. The
identilcation shall contain,as a minimum, the following:

a. Astro SpacePart Number
b. “RecorderEquipment Module”
c. RevisionLevel
d. Date of Manufacture
e. ContractNumber
Applicabledate-sensitiveinformation shall dso be identified.

Hardware or equipment which is not suitable for use in flight, and which could be
accidentally substituted for flight or flight spares hardware, shall be plainly marked and
identifkd to indicate this status.

AU test points, adjustment devices, and alignment points shall be labeled for positive
identi.tlcation.

Wiresand cablesfor hardwareshall not be identi.tiedby hot stampingdirectly onto primary
or seeondary(shield) insulation.

Workmanship

Theelectricaldesignof therecorderEM shallbe in accordancewith the designrequirements
Spf3Ci.fkd in ~ 5300.4 (3A-1, 3G throtlgh3K).

Safety

The design shall meet the factors of safety presented in the mechanical section of
1S20008501.

Where practical,hazards shall be eliminated or removed through design measures.

Hazardswhichcannotbeeliminatedorremovedshall,wherepractical,bepreventedthrough
incorporationand use of safety devices or features.

Remaininghazards shall be controlled using warning devices and/or special procedures.

Automateddetectionand safmgof hazards whichmay causepersomel injury or loss of the
Spacecraft shall be independentof those subsystems being monitored.

Where practical, the detectionand safing of lesser hazards shall also follow this practice.

Designdeeisions shall accommodatecompliancewith safetyrequirements spectiled in this
document before accommodating any other considerations (e.g., cost, schedule,
performance).

Human Performancdh,unan Engineering

Therecorder EM shall comply with the human engineering criteria of MIL-STD-1472.

21 . . DCC072993



PS20001411
30July1993

L .
3.4 Documentation

Documentationshallbe in accordancewiththeDataRequirementslist of theEOS-AMSpacecraft
Statementof Work(SOW),contract number NAS5-32500.

3.4.1 Specifications

All parent and component specs associated with this spec are shown in the EOS-AM Spacecraft
Specii3cationTree, 20008536.

3.402

[1]

[2]

3.43

[1]

3.5

Drawings

The recorderEM shallbe definedby prepared drawings.Drawing2000141lG1 shall define
and control the physical parameters of the EM,

and drawing 20038240shall describe the EM harness.

Test Plans and Procedures

Detail~ qualiilcation and acceptancetest plans and procedures sh~ be prepared.

Precedence

In the event of conflictingrequirements between the documentsreferenced herein and the content
of this document, the following descending order of precedence shall be used in resolution of the
conflict

a.
b.
c.
d.
e.
f.

g“
h.

RequirementsDocument for the EOS AM Spacecraft @D)
Performance AssumnceRequirements for the EOS Obsematories (PAR)
Unique Instrument Interface Documents
The General Instrument Interface Specification (GIIS)
ContractEnd Item (CEI) Spectilcation
External Interface Control Documents(ICD’s)(e.g., EOS to Launch Vehicle, EOS to
TDRSS, etc.)
Subsystem and Major Assembly Spec~lcations
Component Spectilcations
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4 QUALITYASS’UILOICEPROVISIONS

This sectionoutlinesthe requirementsand structureof a qualityassuranceprogramfor the recorder
equipment module. The purpose of the program is to demonstrate the design of the equipment
moduleand its componentsmeets the petiomnancerequirements,has been rnzumfacturedproperly,
and will operate as designed in association with all other EOS AM Spacecraft interfaces. The
PerformanceAssuranceImplementationPlan (PAP), PN20005397,documentsthe overallquality
assurance approach for the EOS AM Spacecraft. The speci.liesof the performance vefilcation
process are documentedin the VerWcationPlan, PN20005404.

4.1 General

This section delineates the inspections and tests which shall be performed in order to verify the
equipmentmoduleconformanceto thereqhments ofSection3 ofthis specification. Testmethods
and measurements shall be compliantwith all requirementsspecifiedherein.

4.1.1 Responsibilityfor Tests

Unlessothenvise specifiedherein, orin the StatementofWok acceptanceand quaMcation testing
shall be perfdrmed by Astro Space.

4.12 Special Testsand Examinations

Not applicable.

4.1.3 Reliability Test

Not applicable.

4.1.4 EngineeringEvaluation and Test

Not applicable.

4.1s Protoflight Test

Protoflight tests, combined with the other veritlcation methods listed in the Verifkation Matrix,
Attachment A (provided under separate cover), shall verify that the flight hardware design meets
the technicalrequirementsof Section3of thisequipmentmodulespeciilcationto assureoperational
suitability in the defined environments. Protoflight test hardware shall be used for quaMcation
testing and shall be identical in contlguration and productionprocessingto flight hardware.

Protoflight tests, where specilled shall consist of qualification level exposure of the fmt flight
article for acceptance level durations (time andor cycles)

Protoflight tests shall be performed under strict control of environments and test procedures.
Adjus~-ents or tuning of ‘Protoflight
program. The requirements of Section
shall be as S~ifkd in PN20008745.

test hardware is not permitted throughout the entire test
3 to be veri.fkdprior to, during, or after each environment
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4.1.6 Ins@ation Testand Checkout

Installation testing and checkout shall include continuity checking, interface mating, support
equipment comptibfi~, and documentation veri.fkation. The recorder Equipment Module
integration and test flow is shownin Figure 5.

1’
Rear&r EM structm*

TheIInalcontrolHardware /wernble ElectricalIn- Fumhnal
KinematicMounts Equipment - tegration& Test

TestFixture Mcdule

Compcnenls‘
Harness— EMSTE EMSTE

HandlingFixture-

e : “T -~ -‘T-
Three-Axis

Comprehensive sine Acoustic Comprehensive Orkmanship

Perfonnauce Vibration Test PerfcXmance
Test Test

EMsTE- EMSTE EMSTE EMSTE EMSTE

Comptiensive Spacecmft Interface
Perfamance “ & ~ ‘Installation ● , Verification

Test Test

EMSTEJ

* RecorderEMStructuresStrengthTested

F-5. Recorder EM Integration And Test Flow

4.1.6.1 Ekctrical Integrationand Checkout (EIC)

AnEIC shallbe performedto ver@ the proper input andgroundingof power,commands,and other
signals prior to mating of flight hardware. The EIC shall also verify proper response to power,
commands, and signal upon initial integration of fight hardware. The recorder EM components
shall be integrated with the panel in the following orden

a. Recorder EM Harness
b. Fuse and Distribution Box
c. Heater Control Electronics (HCE2),Heaters and Sensors
d. Bus Data Unit (BDU)
e. Solid State Recorder- DCU-1 and DMU-1
f. Solid State Recorder- DCU-2 and DMU-2
g. Science Formatting Equipment (SFE)

DCC072993 u



PS2UO01411
30July1993

c

h. Ku-Band SingleAccess Modulator(KSAMod)-l :
i. Ku-Band Singl&Access Modulator(KSAMod}2
j. X-Band D*t-Amss Mduhtor (DASMod)-l
k. X-Band Direct-Access Modulator(DASMod)-2

4.1.6.2 InterfhceUnit FunctionalTest (FT)

A fictional test of the recorderEquipmentModule shall be performedto test command and data
paths between componentsand to exerciseprime and redundanthadwim.

4.1.6.3 ComprehensivePerformanceTest (CPT)

A CPT shall be performedto ver@ that the recorder Equipment Module meets the performance
requirements in dl operationaland contingencymodes,as well as verifyingall command and data
paths and all redundanthardware.

4.1.6.4 InterfaceVerificationTest(IVT)

AnITT shallbe ptxformedto verifythe properEquipmentModuleinterfacesto the SpacecraftBus.
It vetiles all-power, groun~ amdsignal connectors are properly matedand that there is signal
presence on the proper connectors.

4.1.7 Formal T=t Verification

Formal verification of the performancerequirements of the recorder EM are in the Vefilcation
Matrix, Attachment J% The Veri.tlcationMatrix identifks the vefilcation method as specified
herein and the level at which tests m conducted.The recor&r EM shallbe tested accordingto the
RecorderEM TestPlan, PN20001411.

4.2 Quality Conformance Inspections

The recorder equipmentmoduleshall be exposed to vetilcation conditionswhichrepresent those
environments encountered throughout the ground phase and flight mission. The environmental
conditions and levels of exposure are defined in the Vetilcation SpecKlcationfor the Earth
ObservingSystem(VRD-11O),PS20005404,Section4. Therearefour methodswhichmaybe used
individually or in combinationto verify each requirementin Section 3. These methods,defmedas
inspection (I), analysis (A), demonstration(D), and test (T) are defined in the Veritlcation
Speci.tIcationfor the Earth ObservingSystem(VRD-llO),PS20005404,Section 4.

4.2.1 Methodof Verification

4.2.1.1 Inspection

Inspection may be used to verify design and constructionrequirements,drawing compliance, or
speciilc physical dimensions of the equipment module. Inspection is a method of verification of
physical characteristicsthat determines compliancewithout the use special laboratory equipmen~
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procedures,test supportitems, or services.Inspectionusesstandardmeth~ suchas visual gauges,
etc., to verify compliance with requirements. Inspection also includes the review of design
documents,material lists, code, plans, etc., to verify that requirements have been met.

4.2.1.2 Analysis

AAytical techniquesmaybe used,in lieu oftesting, toverifycomplianceto specifkd requirements,
either alone or in combinationwith test. The selected techniques may include, typically, system
engineeringanalysis, statistics, qualitative analysis, analog modeling,and computer simulation.

4.2.1.3 Demonstration

Demonstration is a qualitative method of verification that evaluates the properties of the subject
equipment by obsemation. Demonstration is used with or without special test equipment or
instrumentation to verify required characteristics such as operational functioning human
engineeringfeatures, service and access features, transportability,and displayeddata.

4.2.1.4 Test

Test is a qu~titative method of vetilcation wherein performance requirements are veritled by
measurement during and after the controlledapplication of functional and environmental stimuli.
These measurements may requhe the use of laboratory equipmen~recorded da@ procedures, test
support items, or services.

4.2.1.s Classification of Characteristics

Classificationof characteristicsas critical,majororminor,shallbe as definedin MIL-STD-109.

4.2.1.6 Test Equipment

[1] Existing test equipment shall be used wherever practical.

[2] Where new test equipment is requtid to test units which are physically or functionally
identical or similar, the equipment shall be designedto perform its task(s) on each element
of that group, where practical.

4.2.1.6.1 TestEquipment Safety Features

[1] Test equipment shall incorporateany safety interlocks or other safety features necessary to
reduce the introduction of safety hazards by the test equipment.

[2] Any safety feature included in any Spacecraft test equipment shall give a visual, auditory,
or electronic indication of activationwhen it is activated.

4.2.1.63 T-t Equipment Verification

Unless otherwise specified herein, test equipment
characteristicsshallbe capableof demonstratingthat
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a. it willnot impose environmentson the tested item(s) beyond~e levels calledfor in the
VerificationSpecifkation, PS20005404,and

b. it is capable of imposing the test levels called for in the Vetilcation Specification,
PS20005404.

c. It is capable of meeting all the requirements imposed on it by the Ground Support
EquipmentRequirementsDocument,20001430(GSERD).

4.2.1.63 TkstEquipmentCalibration

[1] EM test equipment shall be cahbrated in accordance with the Performance Assurance
ImplementationPlan, 20005397.
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5 PREPARATIONFOR DELIVERY

5.1 General

Interior and exterior shippingcontainersshallbe markedin accordancewith the Identilcation and
Marking requirementsof the General Interface Specification,1S20008501.

29 DCC072993



PS20001411
30July1993

(This page intentionally left blank.)

DCC072993 30



PS20001411
30July 1993

6 NOTES

6.1 Definitions

None

6.2 Abbreviationsand Acronyms

BDU

c

C&DH

CEI

COMM

dc

DAS

DCU

DMU

EAS

EMC

EMI

EOL

EOS

FDB

GFE

GSE

HGA

I&T

ICD

IMc

LV

MS

NA

NASA

Bus Data Unit

Celsius (degrees)

Commandand Data Handhng

ContractEnd Item

Communications

Direct Current

Direct Access System

Data Control Unit

Data MemoryUnit

Electrical AeeomodationsSubsystem

Equipment Module

ElectromagneticCompatibility

ElectromagneticInterference

End of Life

Earth ObservingSystem

Fuse DistributionBox

GovernmentFurnishedEquipment

GroundSupportEquipment

High Gain Antenna

Integration and Test

Interface ControlDocument

Intermodule Connector

Launch Vehicle

Margin of Safety

Not Applicable

National Aeronautics and Space Administration

31 DCC072993



Ps20001411
30July1993

PAML

PmL

PDU

REM

Scc

SSR

TBD

TBR

TCS

Vdc

Program ApprovedMaterialsList

Program ApprovedParts List

Power DistributionUnit

RecorderEquipment Module

SpacecraftControls Computer

Solid StateRecorder

ToBe Determined

To Be Reviewed

Thermal Control System

VoltsDirect Cummt

603 Exceptions to the GIS and GIIS

None. (Nameplatesandpmduct Markingrequirementsin GISare supplementedby paxagraph3.3.4
herein.)

6.4 Requirements Traceability Matrix

Requirements in Section 3 of this spec~lcation were derived fkom the source documen~
PS20005396,ContractEnd Item (CEI)Spedlcation. Complianceto these requirements are shown
in the Requirements TraceabilityMatrix, AttachmentB, provided under separate cover.
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APPENDIX I

10 ELECTRICALCONNECTORCONTACTASSIGNMENTS

The recorder EM connectors on the electrical connectorbracket shall be conf@uredas shown in
Figure 6.

Note: The Contact Number assignmentsare (TBR-1).

Note: The Circuit Categoriesare (TBD-5)
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ConnectorDesignation: RXJO1 ConnectorFunction; Power input

Part Number: 24034844PJ1D18N Comector ‘ljqx?: 18 p~ cimula.r
I

contact I FunctionName I Circuit I Destinatiotiource
Number Category

2. RFDBA1120VPOS-1 RFDB/Pnnpm bus
I I 1

I 3. RFDBA1 120VRTN-1 I I Pm pm bus/RFDB i
I I I

I 4. RFDBA1 120VPOS-2 RFDB/Prmpm bus I1 I I

t 5. RFDBA1 120VRTN-2 I I PrmPWTbus/RFDB 1
I I 1

I 6. I REM FAULTGNDAl I I RFDBISRP I
I I I

I 14. RFDBA2 120V POS-1 I RFDB/Pnn pm bus
I I 1

I 15. I RFDBA2 120VRTN-1 I I PmPWTbus/RFDB
1 I I

t 16. RFDBA2 120VPOS-2 I RFDB/Prmpm bus II 1 1

I 17. I RFDBA2 120VRTN-2 I I Prm pm bus/RFDB I
I ,

I 18. I REMFAULTGNDA2 I -RFDB/SRP I

ConnectorDesignation: RXJ02 IConnectorI?unctiomPower input
Part Number: 20034844PJ1D18A Connectorme: 18 pi%circular

Contact FunctionName Circuit Destination/Source
Number category

2. RFDBB1120VPOS-1 RFDB/Prmp~ bus
, ,

3. I RFDBB1 120VRTN-1 I I PmPWTbuslRFDB
I I 1

4. I IWDBB1 120VPOS-2 I I RFDB/Pnn p~ bus
,

5. I R.FDBB1120VRTN-2 I Pm pm bus/RFDB
I 1 1

6. I REM FAULTGNDB1 I I RFDB/SRP
# 1 ,

14. I RFDBB2 120VPos-1 I RFDB/Pnn p~ bus

15. RFDBB2 120VRTN-1 Pm pm bus/RFDB

16. RFDBB2 120VPOS-2 RFDB/l%n p~ bus
I I 1

17. RFDBB2 120VRTN-2 I PrmPWTbus/RFDB
1 I 1

18. I REM FAUIT GNDB2 I I RFDB/SRP
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I ConnectorDesiition: RXJ45 I Connector lhmctiom C&T bus interfkce I
lPart Numbtm 20040889P1 Iconnector‘l@e: TRrAx (1553) I

Contact FunctionName Circuit Destination/Soume
Number category

da RC&T BUS A STUB 1 RBDUCITU

I Connector Designation RXJ43 I ConnectorFunction: C&Tbus interfkce 1
Part Numbe~ Connector~: TRIAx (1553)

Contact FunctionName circuit Destination/Source
Number Category

n/a RC&T BUS A STUB2 RBDU/CTIU

Connector Designation: RXJ49 Comector Functiom Cmd interface
Part Number: 2OO42415P1OO9PA Comector Type: Rectanguhr (9 pin)

I

Contact I FunctionName I Circuit I Destination/Source I
I Number I ICategory I It 1 ,

I 1. I CT.IUlRBDU A ON CMD I I RBDU/C’ITU I1 I I

I 2. CTIUl RBDU A ON CMD RTN t i C’ITWRBDU I
I I #

I 3. CITUl RBDU A OFF (2MD I I RBDUICITU I
1 1

I 4. I CTIUIRBDUA OFF CMDRTN I I CTIWRBDU II I I

I 5. CTIU2 RBDU A ON CMD I I RBDU/CTIU I
1 I ,

I 6. I CI’IU2 RBDU A ON CMDRTN I I CTIWRBDU I1 I I

I ‘J. C’HU2 RBDU A OFF CMD I I RBDU/CTIU i
I I !

I 8. I CTIU2 RBDU A OFF CMDRTN I I CT’IWRBDU i

Connector Designation RXJ40 ConnectorFunction: C&T bus interface
Part Number: 20040889P1 CohnectorType: TRIAx (1553)

Contact I FunctionName I Ckcuit I Destination/Source
Number Category

nla RC&TBUS B STUB 1 RBDU/CTIU

Connector Designation: RXJ42 lConnectorFunction: C&T bus interface I
Part Number: 20040889P1 Ic onnector me: TRIAx (1553) II

Contact I Function Name I Circuit I Destination/Source i
Number Catego~

n/a RC&TBUS B STUB2 RBDUKTIU
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ConnectorDesignation: RXJ50 ConnectorFunction: Cmd interface

Part Number: 2OO42415P1OO9PA Connectorme: Rechnguk (9 pin)

Contact FunctionName Cimuit Destination/Source
Number Category

1. CTTUIRBDUBONCMD ‘ RBDUICHU

2. CTIU1RBDUB ONCMDRTN CTIU/RBDU

3. CTIUl RBDUB OFFCMD RBDU/CIIU

4. CITU1RBDUB OFF CMDRTN CTIWRBDU

5. CTIU2RBDU B ON CMD RBDU/~

6. CTlU2RBDU B ON CMDRTN C’ITWRBDU

7. C’ITU2RBDU B OFF CMD RBDU/C’IIU

8. ClTU2 RBDUB OFF CMD RTN CITU/RBDU

ConnectorDesignation: I@137

‘1

ConnectorFunction: K-band signal i/f
Part Numbez G2R52 Connectorme: SMAJack

Contact I FunctionName ]-Circuit I Destination/Source
Number Category

nfa KSAM1 I/FSIGNALOUT HGAIKSAM1

IConnectorDesignation: RXJ35 ConnectorFunction K-band signal i/f
Part Number: 20040889P1 Connector~: lkiax

I Contact I Function Name I Circuit I Destination/Source
Number Category

nla KSAM 1LO SIGNALOUT HGA/KSAMl

Connectorlkignatiom RXJ33 ConnectorFunction: K-band signal iff
Part Number: G2R52 Comector Type: SMAJack

Contact Function Name Circuit Destination/Source
Number Category

nfa KSAM 1 MO 1 SIGNAL KsAM1/Mo

ConnectorDesignation RTXJO1 Comector Function: K-band signal i/f
Part Number: G2R52 Connectorme: SMAJack

Contact Function Name Circuit Destination/Source
Number Category

n/a KSAM1 I/FTESTSIGNAL GSELKSAM1
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IComar Des@ption RXJ2$ IConnector Function: K-band signal i/f I
lPart Number: G2R52 IConnector~: SMA Jack I

Contact FimctionName Cimuit Deatinatiofiource
Number Category

n/a KSAM2 I/F SIGNALOUT HGA/KSAM2

IConnectorDesignation RXJ30 I Connector Function: K-band signaJi/f I
Part Nmnbec 20040889P1 ConnectorTYpe: l’kiax

Contact FunctionName Cimuit Destination/Source
Number Category

nia KSAM2 LO SIGNALOUT HGAIKSAM2

ConnectorDesignation: RXJ32 I Comector Function: K-band signal i/f
Part Numbec G2R52 Comector l’@e: SMA Jack

Contact I - FunctionName Circuit I DestinationSource
Number Category

nla KSAM2 MO2 SIGNAL KSAM2./HGA

ConnectorDesignation: RTXJ02 Connector Function K-band signal ilf
Part Numbe~ G2R52 Connector~ SMA Jack

Contact I FunctionName I Cimuit I Destination/Source I
Number Category

n/a KSAM2 I/FTESTSIGNAL GSE/KSAM2

IConnectorDesignation RXJ31 I Comector Function X-band signal i/f
Part Number: G2R52 ConnectorType: SMA Jack

Contact FunctionName Cimuit DestinationEource
Number Category

nfa DASM 1 I/F SIGNALOUT DAS PANEIJDASM1

I ConnectorDesignation RXJ29 I Connector Function: X-band signal i/f
Part Number: XM40889P1 Connector Type: Tkiax
1
Contact FunctionName Circuit DestinationiSource
Number Category

n/a DASM 1LO SIGNALOUT DAS PANEUDASM1
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ConnectorDesignation: RXJ27 Connector Function: X-band signal ilf

Part Number: G2R52 ConnectorType: SMAJack

Contact FunctionName Circuit Desti.nationBource
Number Category

n/a DASM 1 MO 1 SIGNAL DASMILMO

ConnectorDesignation RTXJ03 Comector Function: X-band signal ilf

Part Number: G2R52 ConnectorType: SMAJack

Contact FunctionName Circuit DestinationA30urce
Number Category

I I — I

n/a DASM 1 I/F TESTSIGNAL I I GSWDASM1 I

ConnectorDesignation RXJ34 ConnectorFunction X-band signal i/f
Part Number: G2R52 ConnectorType: SM.AJack

Contact - FunctionName circuit De@ination&ource
Number Category

1 I
—

I

n/a 1 DASM 2 I/F SIGNALOUT I I DASPANEIJDASM2

Comector Designation RXJ36 ConnectorFunction X-band signal Vf
Part Number: 20040889P1 Comector ~: Tkiax

Contact FunctionName Circuit DestinationlSource
Number Category

n/a I DASM 2 LO SIGNALOUT I I DASPANFJJDASM2 I

ConnectorDesignation: RXJ38 ConnectorFunction: X-band signal i/f
Part Number: G2R52 ConnectorType: SMA Jack

Contact FunctionName Circuit Destimtion/Source ~
Number Category

, 1 ,

I rda I DASM 2 MO 2 SIGNAL I I DASM21M0 I

~ConnectorDesignation: RTXJ04 ConnectorFunction: X-band signal W
Part Number: G2R52 Connectorme: SMA Jack

Contact FunctionName Cimuit Destination/Source
Number Category

nla DASM2 I/FTESTSIGNAL GSWDASM2
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IConnectorDesignation: RXJ25 IConnectorFunctiom-high rate data link I
lPart Number: G2R52 Ic onnector Type: SMAJack I

Contact I Function Name Destination/Source I
Number categoIy

n/a HRDLIA VNIR 1HI sFWVNIR

ConnectorDesignation: RXJ23 ConnectorFunction: high rate data link

Part Number: G2R52 Comector Type: SMA Jack

Contact Fimction Name Cimuit DestinationlSource
Number Category

nfa HRDLIAVNIR 1LO SFWVNIR

ConnectorDesignation: RXJ21 ConnectorFunction: high rate data link
Part Number: G2RS2 Connectorme: SMAJack

Contact - Function Name Circuit Destinatiotiource
Number Category

nfa HRDL2ASWIRHI SFWSWIR

IConnectorDesi@ition: RXJ19 T-”-ConnectorFunction: high rate data link
Part Number: G2R52 Comector me: SMAJack

Contact Function Name Destination/source
Number category

In/al HRDL2A SWIR LO I I sFIYswlR

ConnectorDesignation: RXJ17 IConnectorFunction: high rate data link I
IPart Number: G2R52 IConnector~pe: SMAJack I

Contact I Function Name I:::vl Destination/Source
Number

r 1 1

n/a I HRDL3ATIR HI I I SFIYTIR

ConnectorDesignation: RXJ15 IConnector Functiom high rate data link
Part Number: G2R52 Connectorme: SMAJack

Contact Function Name Circuit Destination/Source
Number Category

n/a I HRDL3A TIR Lo I I sFEfrIR I
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ConnectorDes@atiorx RXJll ConnectorFunction: high rate data link

Part Numbe~ G2R52 ConnectorTjpx SMAJack
r ~

Contact FunctionName Clmuit Destination/Source
Number Category

n/a HRDL4AVNIR2 LO SFEIVNIR

IConnectorDes@nation:RXJ13 IConnectorFunctiom high rate data link 1
lPart Number: G2R52 Iconnector~: SMAJack I

Contact FunctionName Circuit Destination/Source
Number Category

nla HRDL4AVNIR2HI WE/VNIR

IConnectorDesignation RXJ09 IConnector Function high rate data link I
lPart Number: G2R52 IConnectorT@e: SMAJack I

I

Contact I - FunctionName I circuit I Destination/Source 1
I Number I ICategory I I

I 1 1

I n/a I HRDL5AMODISHI I I SFEih40DIS 1

IComector DesignatioIE RXJ07 I Com=tor Functiom high rate data link I
Part Numbec G2R52 Comector ~: SMAJack

Contact FunctionName Circuit Destination/Source
Number Category

nfa HRDL5AMODISLO SFWMODIS

I ConnectorDesignation RXJ05 I Connector Function: high rate data link I
Part Number: G2R52 Connectorme: SMAJack

Contact FunctionName Cimuit Destination/Source
Number Category

nla HRDL5AMISRHI SFEIMISR

I ConnectorDesignation RXJ03 I Connector Function: high rate data link 1
lPart Number: G2R52 Ic omector me: SMAJack I

I

Contact I FunctionName I Circuit I Destinatiotiource \
Number Category

n/a HRDL5AMISRLO SFEtMISR
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ConnectorDesignation RXJ16 ConnectorFunction: high rate data link

Part Numberv G2R52 Comector Type: SM.AJack
* ~ ~
contact Function Name Circuit Destination/Source
Number Category

n/a HR.DLIBVNIR 1HI SFENNIR

ConnectorDes@@om RXJ18 ICom=tor Functiom high rate data link
Part Numbe~ G2R52 Ic onnector me: SM.AJack

Contact Function Name Circuit Destinatiotiource
Number Category

n/a HRDLIBVNIR 1LO sFE/vNIR

ConnectorDesignation: RXJ20 ConnectorFunction: high rate data link

Part Numbe~ G2R52 ConnectorType: SW Jack

Contact - Function Name Circuit Destination/Source
Number Category

n/a HR.DL2BSWIR HI SFWSWIR

ConnectorDe&gnatiom RXJ22 ConnectorFunction: high rate data link
Part Number: G2R52 Comector T@% SMAJack

Contact Function Name Circuit Destination/Source
Number Category

nfa HRDL2B SWIR LO SFWSWIR

ConnectorDesignation: RXJ24 IConnectorFunction: high rate data link I
Part Number: G2R52 Connector~: SMAJack

Contact Function Name Cimuit Destination/Source
Number Category

I I ,

n.fa HRDL3BTIR HI I SFWTJR

ConnectorDesignation: RXJ26 ConnectorFunction: high rate data link
Part Number: G2R52 ConnectorType: SMA Jack

Contact Function Name Circuit Destinatiotioume
Number Category

I I —.
I

nfa I HRDL3B TIR LO I SFEfrIR
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ConnectorDesignation RXJ06 ConnectorPuuction: high rate data link

Part Number: G2R52 Connectorme: SMAJack

Contact FunctionName Circuit Destinatiofiource
Number Category

nla HRDL4BVNIR2 LO SFEIVNTR

ConnectorDesignation RXJ04 ConnectorFunctiom high rate data link

Part Number: G2R52 Comector ~: SMAJack

Contact FunctionName Cimlit DestinationiSource
Number Category

nla HRDL4BVNIR2HI SFEfvNrR

ConnectorDesignation RXJ08 Connector Function: high rate data link

Part Number: G2R52 ConnectorType: SMAJack

Contact - FunctionName circuit Destination/Source
Number Category

nfa HRDL5BMODISHI SFHMODIS

ConnectorDesignation RXJ1O Connectorlhmction: high rate data link
Part Number: G2R52 Connector me: SMA Jack

Contact FunctionName Cimuit Destination/Source
Number category

nia HRDL5BMODISLO SFEJMODIS

ConnectorDesignatioIx RXJ12 ConnectorFunction high rate data link
Part Number: G2R52 ConnectorT@ SMAJack

Contact FunctionName Cimuit Destination/Source
Nnmber Category

nfa HRDL5BMISRHI SFEIMISR

ConnectorDesignation RXJ14 ConnectorFunction: high rate data link
Part Number: G2R52 Comector ~: SMAJack

Contact FunctionName Cimuit Destination/Source
Number Category

nfa HRDLSBMISRLO SFWMISR
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ConnectorDesignation: RXJ41 IConnectorFunction:‘low rate data bus link

Part NumbeE 20040889P1 Connectorme: lkinax
> ~
Contact Function Name ~ Destinatiofiource
Number Category

nJa SFEA LRDATABUS A S=w ratedatabus

ConnectorDesignation RXJ44 ConnectorFunction: low rate data bus link

Part Numbe~ 20040889P1 Comector ~: l’kinax

Contact Function Name Cimlit Destination/Source
Number Category

nfa SFEA LRDATABUS B SFWLowntc databus

ConnectorDesignation RXJ39 Iconnector Fhction: low rate data bus link
Part Numbe~ 20040889P1 Connectorme llvinax

Contact Function Name Circuit Destination/Source
Number - Category

nla SFEB LRDATABUS A S=w ratedatabus

IConnectorDesignation RX&M IConnectorFunction: low rate data bus link
lPart Nurnbm m889Pl IComector Iy’pe: W’inmI I

Contact Function Name Cil%nlit Destination/Source
Number Categoly

tia SEEB LR DATABUS B S-w rate data bus

ConnectorDesignation: RXJ47 IConnectorFunction: low rate data bus link
Part Number: 2OO42415P1O25PA Ic onnectorme: 25 Pin Rectangular It

Contact I Function Name I Circuit Destination/Source I
Number Category

1, CITUl DCU1DATARECHI DCUIKTTU1

2. CTIUl DCU1DATARECLO DCU1/CTIUl

3. CITUlDCU1DATAPLAYHI CTIU1/Dcul

4. CITUl DCU1 DATAPLAYLO CTIU1/DCul

5. CTIUl DCU1 REC UK HI DCU1/CTIUl

6. CI’lUl DCU1 REC CLKLO DCU1/CTIUl

7. CTIU1DCU1 1XPLAYUK HI cl’’rullDCUl

8. CTIUl DCU1 1XPLAYCLKLO Crrulmcul

9. CTIUlDCU12X PLAY UK HI crTul/Dcul
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IConnectorDe@gnatiomRXJ47 IConnector Function:- low rate data bus link

Part Number: %42415p10~A Connectorme: 25 Pin Rectang@w

Contact I FunctionName Circuit I Destinatiotiomce
Number Category

10. CTIUl DCU12X PLAYCLKLO CITU1/Dcul

11. CTIUl DCU1 SIG GRD CTIUUDCul

12. C’ITUlDCU2DATAREC HI DCU2/CTIUl

13. CTIUl DCU2DAIA REC LO DCU2CITU1

14. CTIUl DCU2DATAPLAYHI CITU1/Dcu2

15. CIIUl DCU2DATAPLAYLO CITWDCU2
I

16. CllUl DCU2R.ECCLKHI DCU2CITU1

17. CllUl DCU2REC CLK LO DCUXTIU1

18. CTIUlDCU21X PLAYCLK HI CTIUUDCU2

I

19. CTIU1DCU2 1XPLAYCLKLO GTrul/Dcu2

20. CITUlDCU22X PLAYCLK HI CITU1/Dcu2

21. CTIU1DCU22X PLAYCLKLO C’ITUUDCU2

22. CTIUl DCU2 SIG GRD crrul/Dcu2

IConnectorMgnatiom RXJ48 IConnector Function low rate data bus link

Part Nurnbe~ 2OO42415P1O25PA Connector~: 25 Pin Rectangulm

Contact FunctionName Circuit DestinatioxdSo-
Nurnber Category

1. CTIU2DCU1DATAREC HI DCU1KTIU2

2. CTIU2DCU1DATAREC LO DCU1/CTIU2

3. CTIU2DCU1DATAPLAYHI Cr’Iuwcul

4. ClTU2DCU1DATAPLAYLO cTIu2/Dcul

5. C’ITU2DCU1REC CLKHI DCU1/CTlU2

6. CITU2DCU1REC CLK LO DCU1/CTIU2

7. C’ITU2DCU1 1XPLAYCLK HI crru2/Dcul

8. C’ITU2DCU1 1XPLAYCLKLO CTlumul

9. CTIU2DCU12X PLAYCLK HI Cr’rumcul

10. CTIU2DCU1 2X PLAYCLK LO C’rrwDcul
, 11. CTIU2DCU1SIG GRD Crrumcul

12. CTIU2DCU2DATAREC HI DCU2/CTlU2

13. CTlSJ2DCU2DATAREC LO DCU2/C’ITU2
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}ConnectorDesigmtiom RXJ48 IConnectorFunction: low rate data bus link

Part NmnbeE 2OO42415P1O25PA Connector~ 25 Pin Rectangdar

Contact FunctionName ~ Destination/Source
Number Category

14. CI’TU2DCU2DATAPLAYHI cTIu2/Dcu2

15. CITU2DCU2DATAPIAY LO cTIu2/Dcu2

16. CTIU2DCU2RECCLKHI DCU2fC’ITU2

17. ClTU2DCU2RECCLKLO DCU21CTIU2

18. CTTU2DCU21XPLAYUK HI CI’IU24DCU2

19. CTIU2DCU21X PLAYCLKLO CITUZDCU2

20. CTlU2DCU22X PLAYCLKHI CTIUMDCU2

21. CTIU2DCU22X PLAYCLKLO ClTU2/Dcu2

22. CTIU2DCU2SIGGRD cTru2/Dcu2
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1 SCOPE

1.1 Identification

This specflcation establishesthe performance,design, development, and test requirements for the
Power Equipment Module(EM)andbatterypanels. ThePowerEM andthe twobattery panelswill
meetall the applicablerequirementsof the ContractEnd Item(CEI)SpecKlcationfor theEOS-AM
Spacecraft, PS20005396 (SEP-101), throughout its design life. The principal requirement of
modularityto facilitateSpacecraftconstruction,maintenance,and serviceabilityis satisfiedby this
module design. The Power EM and battery panels will be designed to facilitate producibility,
integration,and accessibilityto the internal componentswhile minimizingweight. Requirements
andperformancecharacteristicsdefinedin this speciilcationare intendedto supportthe buildupand
veriilcation of the EM by the EOS-AM Integrationand Test (I&T) organization. The Power EM
andbatterypanelswillbemodularto allowon-groundremovalandreplacementontothe Spacecraft
core.
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2 APPLICABLE DOCUMENTS

All and only those documents referenced in Sections 3,4, and 5 and appendices of this spectilcation
are listed in Section 2 of the specitlcation. References axeconfined to documents currently available
at the time of issuance of the cuent revision of this specification..

2.1 Government Documents

The following documents of the exact issue shown, forma part of this speci.tlcation to the extent
spec~led herein. In the event of contlict between the documents referenced below and the contents
of this specification, the contents of this spectilcation shall take pnxedence, except as defined in
Section 3.5 herein.

2.1.1 Military

WSMCR 127-1

MIL-STD-1472D
20 March 1991

MIIAWD-490A
04 June 1985

MILSTD-889B
07 July 1976

MIL-STD-1553B
08 September 1986

MIL-HDBK-5

MIL-HDBK-17

2.1.2 NASA

MSFC-SPEC-522

NHB 5300.4 (3A-l,G-K)

2.2 Non-Government Documents

Western Space and Missile Center Range Safety
Requirements

Human Engineering Design Criteria for Military
Systems, Equipment and Facilities

Spectilcation Practices

Dissimilar Materials

Digital Tme Division CommandResponse
Multiplex Data Bus

Military Handbook Metallic Materials and
Elements for Aerospace Vehicle Structures

Militay Handbook, Plastics for Aerospace Vehicles

Design Criteria for Controlling Stress Corrosion

Workmanship Standards

Unless otherwise speciiled, the following documents of the latest issue form a part of this
specification to the extent spectiled herein. In the event of a conflict between the documents
referenced herein and the contents of this specitlcation, the contents of this s~c~lcation shall be
considered a superseding nxp.irement, except for the higher tier documents.
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22.1 Specifications

20008536

1S20008501

PN20001408

PN20001412

PN20005404

PN20005869

PN20005397

PN20008540

PN20008648

PN20008650

PN20008664

PS20005396

PS20005404

PS20005397

PS20004749

PS20008746

PS20008882

PS20008596

PS20008599

PS20008694

EOS-AMSpacm’aft ObservatorySpectlcation Tree

GeneralInterfaceSpecKlcation fortheEarth Obseming
System,ICD-101

Power EM Test Plan

EOS-AM Spacecraft Contamination Control Plan
(SEP-107)

Spacecraft Verification Plan, V’RP1OO

Electromagnetic Compatibility (EMC) Control Plan,
SEP-106

EOS Performance Assurance Implementation Plan
(PAIP) (PA-1OO)

Logistics Plan

Program Approved Parts List (PAPL)

Program Approved Materials and Processes List

Comprehensive Test Plan

EOS-AM Spacecraft Contract End Item Specflcation,
SEP-101

Verification SpecKlcation for the Earth Observing
System, VRD-110

Product Assurance Implementation Plan (PAIP)

Electrical Power Subsystem (EPS) Pexfoxmance
Specification

Battery Panel Performance Specillcation (Hex Bay)

Battexy Panel Performance Speciilcation (Power EM)

Batteg Power Conditioner (BPC) Performance
Specillcation

Power Distribution Unit (PDU) Performance
Spectlcation

Fuse and Distribution Box (13DB)Performance
Specfilcation
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PS20008597

PS20008568

PS20008550

PS20003827

PS20003828

PS20003829

PS20003828

PS20008549

PS20008636

PS20001415

PS20008567

PS20008569

PS20004937

Source:

2.2.2 STANDARDS

S32534E

Source:

2.2.3 DRAWINGS

20008536

c

ElectricalPowerConditioner (EPC)Perforrnance
Speciilcation

BusDataUnit(BDU) Performance Specification

Heater ControlElectronics (HCE)Pexformance
Speciilcation

Earth SensorElectronics Performance Speci.tication

Fine Sun SensorElectronics PerformanceSpecflcation

TorqueRodPeflormance Speciilcation

FineSunSensorHead PerfonnanceSpecitlcation

Thermal Control Subsystem (’KS) Performance
Speciilcation

Electrical Accommodations Subsystem (EAS)
Performance Specification

Structures and Mechanisms Subsystem (SMS)
Petiormance Specflcation

Command and Data Handling Petiomance
Spedlcation

Command and Telemetry Interface Unit (CIIU)
Performance Specification

Guidance, Navigation, and Control Performance
Speci.iication

Martin Marietta Astro Space
P. O. BOX800
Princeton, NJ 08543-0800

Identflcation Marking

Martin Marietta Astro Space
P. O. BOX800
Princeton, NJ 08543-0800

EOS-AM Spacecraft Observatory Speci13cation IYee
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20001408

20001430

ICD20001408

20008746

ICD20008746

Source:

2.2.4 Other Publications:

20004280

20008540

20008682GX

200387 13GX

ICD20008568

ICD20008569

Source:

=

Power Equipment Module Assembly Drawing

Ground Support Equipment Requirements Document
(SEP-104)

Interface Control Drawing, Power Equipment Module

Hex Bay Battery Panel Assembly Drawing

Interface control Drawing, Hex Bay Battery Panel

Martin Marietta Astro Space
P. O. BOX800
Princeton, NJ 08543-0800

Subcontractor Performance Assurance Requirements

Logistics Plan

Power Equipment Module Power Harness

Power Equipment Malule C&DH Harness

Interface Control Documen~ Bus Data Unit

Interface Control Document
Command and Telemetry Interface Unit

Martin Marietta Astro Space
P. O. BOX800
Princeton,NJ 08543-0800
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3 REQUIREMENTS

ThePowerEM shall meet all performance requirements specified herein under all combinations of
environmental conditions and after exposure to the launch environment described herein. All
requirements are end-of-life (EOL) specflcations unless stated otherwise.

3.1 Power EM Description

The Power EM contairts elements of several Spacecraft subsystems. These subsystems and their
major functions performed within the EM are described in Table I.

Table L Power EM Subsystem Functions

Subsystem and
Performance
Specification

Command and
Data Handling

Subsystem
(C&DH)

PS20008567

Electrical
Power Subsys-

tem (33?3)
PS20004749

Major EM Subsystem Functions

Provides standard command and telemetry semices

Provides power distribution and fusing for all local 120 volt users via fuse
distribution box
- Provides power regulation and energy storage

Thermal Con-
trol Subsystem

(TCs)
PS20008549

Electrical Ac-
commodations

Subsystem
PS20008636

Structures &
Mechanisms
Subsystem

PS20001415

- Provides heatem, sensors, and control for maintaining EM
temperatures

- Provides the harness and connections for electrical components
- Grounding and signal reference connections.

- Provides mounting and protection for subsystem components
- Provides a thermal path to carry dissipated component power

i

3.1.1 Power EM Functional Description

The Power EM contains the power regulating functions of the electrical power subsystem (EPS)
described in Petiormance SpecKlcation PS20004749. It also includes a battery panel (20008882),
which is one of the two battery panels that makeup the energy storage capabtity of the EPS. The
EM battery panel forms the +Y side of the module, while the other battery panel (20008746) is
attached to the Spacecraft hex bay. Other non-power system components included within the Power

7 DCC080593
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Equipment module axea bus data unit (BDU) (PS20008568), the fme Sun sensor (FSS) electronics
box (20003828), fme Sun sensor head (PS20003828), and 5 (TBR-1) heater control electronics
(I-ICE)boxes (20008550), 2 of type 5 and 3 of type 2. The BDU and HCE components interface
the power subsystem components with the command and &ta handling subsystem (PS20008567)
and the thermal control subsystem (PS20008549), respectively. The fme Sun sensor components
and magnetic torque rod are part of the guidance, navigation, and control (GN&C) subsystem
(PS20004937). Isometric diagrams of the Power EM, the EM battery panel, the Hex Bay battery
panel and an integrated view of both battery panels are shown in Figures 1,2,3, and 4, respectively.

Most of the components (boxes) shown in Figure 1 are attached to the -Z radiator panel called the
power management and distribution (PMAD) panel (see Figure 5). Constant conductance heat pipes
(CCHP) are imbedded in this panel to provide for waste heat rejection of the PMAD panel
components (BPCs) while tiimizing heater power in low load or cold cases. BPC number 1 is
connected to the hex bay battery panel, and BPC number 2 is connected to the EM battery panel
through BPC/battery panel interface connectors. The FSS head is attached on the outside to the
-Y panel, while the torque rod is outside on the -X panel. The battery enable plugs (BEPs) are
mounted on a bracket attached to the +2 close-out panel with access holes in the -Xpanel. AUaccess
holes are covered prior to launch.

Kinematic mounts are used to attach the EM to the primary structure. The EM battery panel is
removable from the EM with the module installed on the Spacecraft bus. This will facilitate battery
replacement or re-work if and when it is required (i.e. to replace workhorse batteries with flight
batteries). ‘l%emal control of the nickel-hydrogen (’MHz)battery cells located on the battery panels
is achieved by a combination of swface coatings, heaters, and thermally conductive cell sleeves.

Electrical connections between the components of all subsystems within the EM are part of the
mcxluleharness design. An electrical interface connector bracket attached to the +2 close~ut panel
supports ti module harness interface connectors required to mate with the bus harness. The -Y
and -X panels axe detachable, which provides for access to the components for intra-module
harness connections and other related integration and test (I&T) functions. BPC/batte~ connector
brackets are located on the +Z close-out panel. These connector brackets support the battery enable
plug function, as well as external battery cell voltage monitoring and cell let-down functions toGSE
connectors.

3.1.1.1 Functional Definition

Figure 6 shows a functional block diagram of the Power EM and Hex Bay Battery Panel EM.

3.1.2 Interface Definition

The EM interfaces shall comply with the requirements of Sections 3, 4, and 5 of the GIS,
1S20008501. Exceptions must be explicitly noted in either the component specflcations or this
document.

DCC080593
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Figure 1, Power Equipment Module Isometric Diagram
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Figure 6. Power EM and Hex Bay Battery Panel Functional Block Diagram
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3.102.1 Electrical Interfaces

All Power EM electrical interfaces are defined in the Electrical Power Subsystem Performance
Specification (PS20004749) and those derived from the components listed in Table II. Figu~ 7 is
a summary of the functional electrical intetiaces. Connections will only be made at the bus interface
connectors.

[1]

[2]

[3]

[4]

[5]

[6]

External power sources will provide full protection such that intetiace requirements of this
speci.ilcat.ionand of those components listed in Table II are not exceeded during normal or
abnormal module operation, i.e., cument limiting and overvoltage protection.

Performance parameters essential for normal opaation shall be monitored and used by the
interfacing GSE, including the test points listed in Appendix I, to determine module
performance and to prevent externally induced component darnage.

The Power EM shall comply with the rq.tirements of the GIS, 1S20008501, Section 3,
regarding ~wer, grounds, standard signal interfaces, electro-explosive devices, test points,
and connectors and pin allocations.

The Power EM shall meet the requirements specified for Spacecraft equipment in the
Equipment Subsystems EMI Requhements section of PN20005869 (EMC Control Plan).

All electrical connections between the component in the EM and between the EM and the
Spacecraft core shall be accomplished through the use of interconnecting cables, as
described in the Power EM harness installation dmwirtgs, 20008682GX for the power
harness and 20038713GX for the C&DH harness.

These cables and connectors shall meet the Harness Design and Construction requirements
of the EAS Performance SpecWlcation PS20008636.

3.1.2S.1 Spacecraft Power Bus Interface

[1] The Power EM shall generate prime power voltage at 120volts dc with a regulation of *4%.

3.1.2.2 Command and Telemetry Interfaces

[1]

[2]

[3]

[4)

[5]

me Power EM interface to the Spacecraft command and telemetry bus shall be a redundant
MIL-STD-1553B bus as shown in Figure 7, and shall distribute commands to, and collect
telemetry from, all components located in or on the Power EM. The BDU petiormance shall
be as specifkd in the Bus Data Unit Performance Speciilcation, PS20008568.

The BDU shall intetface to both the A and B Spacecraft command and telemetry buses.

The BDU shall distribute commands to, and collect teleme~ from, all components located
in or on the Power EM. The BDU performance will be as speciiled in the Bus Data Unit
Performance Speci.tlcation, PS20008568.

The Spacecraft command and telemetry bus interfaces shall have the following
characteristics:

a. Connection ~: Twisted shielded pair transformer coupled

b. Signal ~pe: MIL-STD-1553B

GN&C components within the Power EM shall receive control and data signals (and 28 V
power) from the PSU located in the GN&C sensor EM via the Spacecraft bus harness.

15 DCC080593
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3.1202.1 Command hlptlts

The forma~ function and timing of the various commands for the EM components are listed in an
appendix to the respective performance specification of each component.

3.1.2.2.2 Telemetry Outputs

The format, function and timing of the various telemetry words for the EM components are listed
in an appendix to the respective performance specflcation of each component.

3.192.3 Mechanical Interfaces

[1]

[2]

[3]

[4]

[5]

[6]

[7]

The PowerEM shall be mounted to the primary structure via one 3-axis, two 2-axis and three
single axis kinematic mounts, as shown in Figure 8.

Access to the module components at the Spacecraft level of assembly shall be possible by
removal of the -Y panel.

Removal of this panel shall not require the removal of any other Spacecraft equipment.

The Power EM structure shall comply with the requirements of the SMS Performance
Specfilcation PS20001415 regarding coordinate systems, physical characteristics, design
and construction, mounting, positioning, mechanisms, dynamic characteristics, structural
criteria, and tooling.

The honeycomb COE of the Power EM shall shall be densifkd locally to ensure that
throughout testing no component internal to the EM experiences accelerations greater than
1.25 times those defined in the Predicted Limit Loads figure of the General Interface
Spexillcation (GIS), 1S20008501.

The Power EM shall be designed so it can be independently assembled, teste~ attached or
detached fkom the EOS Spacecraft structure without requiring disassembly of thermal
control subsystem hardware.

The Power EM panel shall provide adequate strength at the fastener locations for the
mechanical mounting of the components and assemblies listed in Table II.

3.1.2.4 Thermal Interfaces

[1] AU thermal control hardware (heaters, MLI, etc.) in the Power EM shall meet the thermal
control hardware requirements of the GIS, 1S20008501, Section 5, Thermal Interfaces.

[2] The flight hardware component characteristics shall be as specified in the Thermal Control
Subsystem (TCS) Pexfonnance Specification, PS20008549.

[3] The Power EM shall acquire, spread, and reject componentheat to the external Spacecraft -
sink as necessary to maintain the temperature at each component interface to levels below
the maximum limits specified in the Temperature Requirements table in Section 5 of the GIS,
1S20008501. (Constant conduction heat pipes embedded into the panel itself may be
incorporated into the -Z and +Y panels of the EM to meet this purpose.)

[4] The heater control electronics (HCE5), using heaters and thermistors in the EM, shall
maintain the temperature at each component interface to levels above the minimum limits
spedfkd in the Temperature Requirements table in Section 5 of the GIS, 1S20008501.
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[5] Heat dissipating components shall meet the EM/Component Conductive Intetiace
requirements in the GIS, IS20008501, Section 5.

[6] Temperature Sensing Assemblies shall be connected to the BDU for the purpose of tracking
thermal performance.

3.13 Major Component List

The major components of the Power EM are listed in Table II.

Table IL Power Equipment Module Components

Subsystem Component Part Number

Structures and Secondary Structure (mD-l)
Mechanisms -Y Panel 20008880G1

Equipment/Radiator Panel (PMAD) 20008881G1
Kinematic mounts (6) 20001400
+X, -X End Panel 20008883
+Z Close-out PaneJs (5) 20043177-81
Bus Interface Connector Bracket (TIML2)
BP(YBattery IF Connector Bracket (TBW3)

I’hennal Power Module Blanket/Installation 20008675
Heater Control Elec@onics (5) (TBR-2) 20008550
PMAD Sumival Heaters (12) 20008788

Power Batttxy Panel, Power EM 20008882
Battery Panel, Hex Bay 20008746
Battery Power Conditioner (2) 20008596
Power Distribution Unit 20008599
Fuse and Distribution Box 20008694

~ommand and Data Bus Data Unit 20008568
~andling

Electrical Power Module Power Harness 20008682GX
Accommodations Power Module C&DH Harness 20038713GX

Guidance, Navigation, Fine Sun Sensor Electronics 20003828
md Control Fine Sun Sensor Head 20003828

3.2 Characteristics

3.2.1 Performance

The performance of the Power EM is limited to the combined functions of several subsystem
components interconnected at the module level. Performance requirements are extracted or derived
from the subsystem specifkations of subsystem components which make up the Power EM
equipment complement.

DCC080593 18
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302.1.1 Power EM EPS Primary Functions

The Power EM shall support the EPS (PS20004749) with the following functions:

[1] Provide all instrument and housekeeping regulated +120 Vdc * 4~0 electrical power at the
user load interface during all mission phases for a minimum operational lifetime of five years
with a solar amay source voltage of up to +127 Vdc (@ Vssu) and a battery source voltage
range of +50 to +90 Vdc.

[2] Provide for connecting and disconnecting the instruments and the high gain antenna (HGA)
from the main electrical bus.

[3] Provide independent, fused, dual power feeds to housekeeping equipment and instruments
via the bus harness.

3.2.1.2 Power Management and Distribution Characteristics

The Power Distribution Unit (PDU), PS20008599, as described in the EPS Performance
SpecKlcation PS20004749, contains control circuitry for power management and the central power
distribution bus. The PDU shall provide control signals via the EM bus interface connector to the
SSU to shunt excess solar array power for main bus voltage regulation. Internal to the Power EM,
the PDU provides a control signal to each of the BPCS during the charge and discharge operating
modes to maintain bus voltage regulation.

Redundant fuses and connectors provide distribution of the +120 V bus via the EM bus intetiace
connector to the $paeecraft loads. The instrument loads and the HGA have ordoff relays on the load
feed lines in the PDU for ensuring persomel safety during I&T.

3.2.1.3 Battery Power Conditioner (BPC) Characteristics

The BPC (PS20008596) provides power conversion for batte~ charge and discharge control
functions. During periods of sunlight, the BPC acts as aPWM buck charge regulator which converts
regulated bus power to battery charge power. During eclipse and peak load conditions, the BPC acts
as a PWM boost discharge regulator which converts battery power to regulated bus power. There
is one BPC per battery with internal redundancy of 4-for-3 chargekiischarge channels. The BPC
operation and requirements arc firther described in the EPS Performance Specflcation,
PS20004749.

3.2.1.4 Power EM and Hex Bay Battery Panel Characteristics

~o battery panels make up the total battery system. The functions of each battery panel are
identical, but they are structurally different due to different attachment lccations and resultant
requirements. The Power EM battery panel is designated as 20008882 and is interfaced with BPC
number 2. Battery panel 20008746 is located on the hex structure and is interfaced with BPC
number 1 (refer to Figure 6). The battery requirements m ftnther described in the EI?S
Performance Speci.tIcation, PS20MM749.
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3.2.1.5 Power EM and Battery Panel Thermal Control Subsystem (TCS) Functions

The TCS, PS20008549, shall maintain the power EM components and battery panel interface
temperatures within allowable limits, thermal gradients, and temperature transition limits for all
expected environmental and thermal loading conditions encountered during integration and testing,
prelaunch, launch/ascent, and orbital phases of the EOS mission.

3.2.1.5.1 PMA.DEquipment Panel

The PMAD equipment panel shall have sufilcient CCHPS imbedded in the panel core structure to
allow waste heat rejection of the PMAD-mounted equipment.

3.2.1 .5.1.1 Maximum Temperature Limit

The PMAD panel thermal control system shall control the PMA.D-mounted equipment to the limits
defined in the performance specifications for the individual equipment listed in Table II.

3.2.1 .5.1.2 Minimum Temperature Unit

Five (TBR-3) heaterconrrolelectronics (IKE) modules (PS20008550 ~pes 2&5) are located on
the +X panel are interfaced with heaters on the PMAD panel to maintain minimum equipment
temperature limits as defined in the individual equipment performance specflcation listed in
Table I. Them are 2 HCE-5 for battery temperature control and 3 HCE-2 for other Power EM
components.

3.2.1.5.2 Battery Panel, Power EM

3.2.1.5.2.1 Maximum Temperature Limit

[1] The Power EM battery panel, 20008882, shall have a passive thermal dissipation control
system of optical surface mirrors bonded to the +Y side of the panel. Heat generated in the
individual battery cells (54) is conducted by a battery cell sleeve to the panel structure where
it is radiated to space.

[2] The thermal design shall limit the maximum battery temperature to the limit defined in the
Battery Panel Performance Specillcation, PS20008882.

3.2. L5.2.2 Minimum Battery Temperature

One (TBR4) HCE-5 module shall be interfaced with heaters on the Battery Panel to maintain
minimum cell temperature limits as defined in the Battery Panel Performance Specification,
PS20008882. Control is a function of cell temperatunx from individual cell-mounted thermistors.

3.2.1.5.2.3 Temperature Gradient

The battery thermal control system shall limit batte~ cell temperature differences to those specified
in the Battery Panel Performance SpecK1cation, PS20008882.
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302.1053 Battery Pan~ Hex Bay

3.2.1.53.1 Maximum Temperature Limit

[1] The Hex Bay battery panel, 20008746, has a passive thermal dissipation control system of
optical sudace minors bonded to the +Y side of the panel. Heat generated in the individual
battery cells (54) is conducted by a battery cell sleeve to the panel structure where it is
radiated to space.

[2] The thermal design shall limit the maximum battery temperature to the limit defined in the
Hex Bay Battery Panel Pefionnance Specification, PS20008746.

3.2.1.53.2 Minimum Battery Temperature

One (TBR-5) HCE5 module is interfaced with heaters on the Hex Bay battery panel to maintain
minimum cell temperature limits as defined in the Hex Bay Battery Panel Performance
Specflcation, PS20008746.

3.2.1.53.3 Temperature Gradient

The batte~ thermal control system shall limit battery cell temperature differences to those spec~led
in the Hex Bay Battery Panel Performance SpecKlcation, PS20008746.

3.2.1.5.4 Automatic Over-Temperature Protection

Each battery panel shall have thermostatic heater control to provide over-temperature heater
shutdf to maintain battery integrity.

3.2.1.6 Power EM Mechanical Subsystem Functions

3.2.1.6.1 Power EM

Mechanical subsystem functions which support the Power EM design shall include the module
structure, the kinematic mount intexface to the COKstructure, and EM interface connectors.

3.2.1 .6.1.1 structure

[1]

[2]

[3]

[4]

The Power EM structure shall provide mounting and protection to the components mounted
within the EM from all mission-related environments defined in the CEI Specillcation,
PS20005396, and GIS, PS20008501, Section 6.

The requirements defined in Mechanical Performance Spcciilcation, PS20001 415, Section
3.7.3, shall be met.

The facesheet and honeycomb core for all structural panels shall be aluminum to facilitate
thermal conduction to the radiator surfaces.

The facesheet and core thickness shall be sized to provide adequate stiifness to meet the
minimum frequency requirement of 35 Hz. The CORshall be densifkd locally as required
to provide adequate strength for component fasteners. The layout of major components
within the EM is shown in Figures 1,2, and 4.
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[5] Component spacings shall provide adequate clearance for harness runs.

[6] The Power EM shall be designed to facilitate producibility, integmtion, and accessibility to
the internal components while minimizing weight.

[7] The Power EM structure shall be capable of withstanding on-orbit environments given in
the SMS Performance Specitlcation, PS20001415, for a period of at least five years.

[8] The Power EM structure shall withstand the quasi-static, acoustic, random vibration, and
shock loads, as well as pressure loads and electromagnetic radiation of the launch
environment.

[9] The factors of safety and definition of the analytical requhtments shall be as contained in
the SMS Petiormance Specification, PS20001415.

[10] The ability to survive these environments shall be verifkd as defined in PS20005404.

3.2.1.6.1.2 Kinematic Mounts

[1] A total of six kinematic mounts (KMs) shall be used to support the Power EM mechanical
load and to minimize the interaction with the core structure.

[2] The six KMs shall be divided into four single-axis constraint KMs, onedual-axis constraint,
and one th~e-axis constraint. The KMs shall be distributed as shown in Figwe 8, Kinematic
Mount Distribution.

3.2.1.6.2 Battery Pane~ Power EM

The Power EM structure shall provide all the mechanical subsystem support functions to the Power
EM battery panel.

3.2.1.6.2.1 structure

The Power EM battery panel structure shall be as defined in PS20008882.

3.2.1.6.2.2 Panel Access

The Power EM battery panel (+Y) shall be removable from the Power EM at any time during I&T
or launch site preparations.

3.2.1.6.3 Interface Connectors

Power EM interface connectors shall meet the requirements of GIS, 1S20008501, Section 3.6, and
the Electromagnetic Compatibility Control Plan, PN20005869, Section 1.4.11.1.

3.2.1.7 Power Module Electrical Accommodation Subsystem (EAS) Functions

The EAS functions, as defined in PS20008636, shall support electrical interconnections of Power
EM components and the battery panel within the module, as well as electrical interfaces to the
Spacecraft.
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Figure 8. Power EM Kinematic Mount D~tribution
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3.2.1.7.1 Power EM Harness

The Power EM internal harms shall meet the harness bend radius requirements of EAS,
PS20008636, Section 3.3.6.8.

3.2.1.7.2 Battery Enable Plugs (BEP)

The BEP and Sating BEP for each battery panel is located at the -X panel intefiace as shown in
Figure 1.

3.2.1.8 Guidanc%Navigation and Control

AU GN&C hardware (FSSE, and FSSH) in or on the Power EM shall meet the performance
requirements of their respective performance specifications, the GIS, 1S20008501, and the GN&C
Performance Speci.t3cationPS20004937.

3.2.1.9 Power EM Monitoring

[1] The Power EM shall provide battery temperature, battery pressure, battery voltage monitors
to permit monitoring by the GSE in the absence of Spacecmft power.

[2] The Power EM shall also provi& power bus voltage, power bus cument(s) and mode control
monitors to permit monitoring by the GSE with the Spacecraft powered.

3.2.2 Physical Characteristics

The components on the Power EM shall comply with the power consumption, power dissipation,
and mass allocations given in ‘RibleIII. The requirements for maximum power dissipation, as a
function of Spacecraft operating mode, is given in Table IV.

3.2.2.1 Mass

The total mass of the Power EM, including the Torque Rod mounted on the EM, and the Hex Bay
Batte~ Panel shall not exceed 1175.0 pounds.

3.2.2.2 DC Power Consumption

The maximum orbit average DC power consumed by the Power EM, including the Torque Rod
mounted on the EM, and the Hex Bay Battery Panel shall not exceed 175.OW [one orbit average,
science mode, end-of-life (five years)].

3.2.2.3 Power Dissipation

The power dissipated by the Power EM for the different EOS Spacecraft operating modes shall be
specifkd in the TCS Performance Specitlcation, PS20008549. The dissipation of the various Power
EM components by Spacecraft modes is given in Table IV.
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3.2.2.4 Dmension

3.22.4.1 Power EM Dimension

The envelope of the Power EM shall not exceed the maximumdimensions given below, including
connectors, as defined in the Martin Marietta Astro Space (Astro Space) assembly drawing
20001408.

Length (X) 70.7 inches (TBR-6)
Width (Y) 54.5 inches (TBR-7)
Height (Z) 40.5 inches (TBR-8)

3.2.2.5 lkansport and Storage

[1] Accommodations for tie-downs, pallets, packaging,andcontainersnecessary for transport
and storage of the Power EM shall be made to reduce the likelihood of damage to flight
equipment, and to ease handling by and interaction with ground suppofi equipment (GSE).

[2] Proper orientation for tmnsportation or storage shall be obvious by marking and design.

[3] The Power EM shall provide lift points capable of suppxtirtg the Power EM and any
accompanying GSE under loads of 2g vertical (per IvIIIATW1367A).

[4] When four or more lift points are provid@ any combination of the shall be capable of
lifting the entire load

3.2.2.6 Integration and Test

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

The Power EM shall bfig out test points external to the Spacecraft on the module (a) to
permit EMC measurements on the power bus, (b) to verify the inte@y of the redundant
fuses, (c) to ver@ the integrity of all double insulation, including power distribution and
battery cells, and (d) for the Signal Reference Plane and the Prime Power reference, at the
Spacecraft level. A list of the Power EM test points is given in Appendix I.

The Power EM shall be able to be independently assembled and tested and independently
attached to or detached from the Spacecraft Core.

The Power EM design shall define the GSE required for cooling the EM during I&T as well
as during processing at the launch site.

The Power EM shall incorporate the Thermal GSE interfaces which are necessary to enstue
adequate ground cooling.

The interfaces shall be accessible to the thermal GSE at the Spacecraft level of assembly.

The Power EM Battery Panel shall provide the necessmy test points to discharge the
batteries.

This test point interface shall be accessible at the Spacecraft level and designed to ensure
personnel cannot be exposed directly to battery power.

The Power EM design shall ensure that access to the intexface connectors is suftlcient to
preclude the need for blind-mate connectors during installation of the Power EM on the
Spacecraft CoE.

25 DCC080593



PS20001408
05August 1993

=

3.2.2.7 Layout

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

The Power EM shall have a panel that can be removed to provide access to equipment
contained within the module at the EM and spacecraft levels of assembly.

Removal of this panel shall be possible without requiring removal of any other spacmaft
equipment.

The battery panel shall have the capability to be removed, provided adequate external
structural support to the PMAD panel (-Z) is provided.

Fuses for the Power EM shall be located, to the extent practical, such that it is possible to
replace or view any fuse without requiring any disassembly of the EM.

The Power EM layouts shall, to the extent practical, ensure that any component contained
within the EM can be removed without having to remove any other component.

Component spacings shall provide adequate clearance for harness runs.

All flight equipment which would require maintenance during a storage period of 5 years
or less shall be accessible when the Spacecraft is in its stored conllgumtion.

All Spacecraft components which are ftagile orothenvise susceptible to damage shall, whe~
practical, be guarded or located so as to reduce this susceptibility.

Sensitive adjustment controls and actuators shall be located or guarded to protect them from
inadvertent perturbation.

Component labeling shall be visible when the component is installed in the parent assembly
or stowed. Labels shall be installed such that they are readable by the unaided human eye.

Table III. Power EM Component Allocations

Power EM Component Powe#J Powe#J Mass lbs
consumptio~ w D~sipatiow W

IBDU I 9.2 I 8.5 I 22.9 I

1 I 1

BPC1 I 18.0 I 79.0 23.5

BPC2 18.0 79.0 23.5

Power EM Battery Panel 4.9 132.0 293.2
(20008882)

Hex Bay Battery Panel 6.6 132.0 324.5
(20008746)

HCE (5) 22.8 20.8 19.6

Misc. Thermal H/W 49.5 45.0 20.7

Heat Pipes o 0 1.9

Power EM Structure& o 0 157.3
Mounts

IHex Bay Panel Structure &
I

o
I

o
I

55.0
Mounts I
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Table III. Power EM Component Allocations (Continued)

Power EM Component Powe# Powertlj Mass lbs
Consumptio~ W Dissipation W

Harness-power & C&DH o 38.3 102.4

Power EM MLI o 0 9.4

FSS Electronics 2.8 2.8 2.4

FSS Head o 0.0 0.9

Fuse Distribution Box o 1.0 1.9

Unallocated Margin 4.8 0 14.3

Totals 175.0 581.0 1175.0

fl~Science Mode I

Table IV. Power Equipment Module Thermal Dissipation

Component Maximum Thermal Dissipation (watts)

Component Ground Launch/ Standby/ Survival Safe Mode
Test Ascent Delta-v/ Mode

Mode Mode Science Level O Level 8
Mode

Power EM Battery Panel 132 90.8 132 128.6 132 128.6

Hex Bay Battery Panel 132 90.8 132 128.6 132 128.6

Battery Power Condit. 158 108.7 158 134.1 158 134.1

Power Distribution Unit 42.6 42.6 42.6 42.6 42.6 42.6

Bus Data Unit 8.5 8.5 8.5 8.5 8.5 8.5

Heater Control Elect. (2) 0.8 0.8 0.8 0.8 0.8 0.8

Heater Control Elect. (5) 20 20 20 20 20 20

Fine Sun Sensor Elect. 2.8 2.8 2.8 2.8 2.8 2.8

Fine Sun Sensor Head o 0 0 0 0 0
Power Harness 38.3 26.3 38.3 26.3 38.3 26.3

Fuse Distribution Box 1.0 1.0 1.0 1.0 1.0 1.0

Misc. Thexmal H/W 45.0 45.0 45.0 45.0 45.0 45.0

Totals 581.0 437.3 581.0 538.3 581.0 538.3

3.2.2.8 Configuration

The Power EM shall conform to Astro Space assembly drawing 20001408. These drawings shall
define the following parameters:

a. physical size

27 DCC080593



PS20001408
05August1993

b.

c.

d.

e.

f.

3.2.2.9

mounting requirements and interfaces

external ftihes

electrical connector locations and sizes

connector reference designators

method of identilcation.

Natural Frequency

The natural ftequency of the Power EM shall not exceed the level specifkd in the appendix to the
Structures and Mechanisms Subsystem Performance Specflcation, PS20001415.

3.2.3 Reliability

The probability of mission success, Ps, is allocated to the individual subsystems and their
components. This information may be found in the applicable performance speci.tlcations.

3.2.4 Durability

The Power EM shall be designed to support a minimum five-year operational life.

3.2.S Maintaimbility

[1] The Power EM shall be designed so thatno regular maintenance will be requ~d.

[2] Removable dust covers or other protective devices shall be provided over electrical
comectom.

3.2.6 Environmental Conditions

3.2.6.1 General

[1] The Power EM shall be capable of meeting the requirements defined in this document after
exposure to the handling, transportation, and launch environments defined in the GIS,
1S20008501 Section 6

[2] and to the test environments defined in the Verification Specification (VS), 1S20005404.

[3] The Power EM shall be capable of be capable of meeting the requirements defined in this
document during exposure to the mission orbit environment specfled in the GIS,
1S20008501 Section 6.

[4] The Power EM shall be capable of meeting all performance requirements when operating
in Spacecraft bay 1 on the-Z side of the Spacecraft.

[5] The Power EM shall comply with the requirements of the Contamination Control Plan,
PS20001412.
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3.2.6.2 Sine Vibration

[1]

[2]

3.2.7

[1]

[2]

3.3

[1]

[2-J

[3]

[4]

[5]

3.3.1

[1]

3.3.2

[1]

[2]

[3]

The Power EM shall remain undamaged during and following exposure to the sine vibration
tests defined in the appendix to the Structure and Mechanisms Subsystem Performance
Speciilcation, PS20001415. “

The EM structure shall ensure that no component internal to the EM experiences
accelerations water than 1.25 times those &fined in the Predicted Limit Loads figure of
the General Interface Specification (GIS), 1S20008501 when the EM experiences the test
levels defined above.

!Ikmsportabiiity

The Power EM shall be capable of being tmnsported by stiace vehicle or aircraft.

The transporting environment shall be controlled so as to be less severe than the specfled
operating environment.

Design and Construction

The Power EM design shall be such that it can be independently assembled, tested, and
attached to or detached from the EOS-AM Spacecraft structure.

The Power EM design shall preclude improper installation to the Spacecraft, where
practical.

All electrical connectors shall be selecte~ size~ keyed, ardor marked such that incorrect
attachment to the mating connector is prevented.

All connectom shall attach such that the connectors cannot be inadvertently unlocked during
ground operations.

The EM design shall comply with the Design and Construction requirements specified in the
GIS, 1S20008501, for General requirements, Identi.ilcation and Marking except for the
Content paragraph, Finishes, Venting, Interchangeability, and Drawing Terms and
Tolerances.

Materials, Processes, and Parts

All materials, parts, and processes used in the design and construction of the recorder EM
shall be selected and controlled in accordance with the requirements for Tooling in section
4 of the GIS, 1S20008501.

Electric Fields

Components shall meet the electric field emissions requirements in the Equipment Radiated
Emissions (RE02, REO1/RE04) section of the Equipment EMI Requtiments in the EMC
Control Plan, PN20005869.

Components shall meet the requirements of the Radiated Susceptibility (RS03) Electric
Fields section and the

Radiated Susceptibility On-Orbit Environment section of the Equipment EMI
Requirements in the EMC Control Plan, PN20005869.
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3.33 Magnetic Fields

[1] Componentsshall meet the magnetic field emission and

[2] magnetic properties requirements in the Equipment Radiated Emissions and Equipment
Radiated Properties sections respectively of the Equipment EMI Requirements in the EMC
Control Plan, PN20005869.

[3] Components shall meet the requirements of the Radiated Susceptibility (RSO1) Magnetic
Fields section of the Equipment EMI Requirements in the EMC Control Plan, PN20005869.

3.3.4 Nameplates and Product Marking

[1] The Power EM shall be marked for identilcation in accordance with the Identiilcation
Marking Standard, S32534, Rev E, and ICD 20001411.

[2] The proper orientation for placing items in storage or transportation containers shall be
obvious by design or marking.

Conspicuous markings or labels shall be affixed to the Power EM components. The identillcation
shall contain, as a minimum, the following:

a. Astro Space Part Number

b. ‘Tower Equipment Module”

c. Revision Level

d. Date of Manufacture

e. Contract Number

[3] Applicable date-sensitive information shall also be identiled.

[4] Hardware or equipment which is not suitable for use in flight, and which could be
acciden@ly substituted for flight or flight spares hardware, shall be plainly marked and
identiled to indicate this status.

[5] All test points, adjustment devices, and alignment points shall be labeled for positive
identillcation.

[6] Wires and cables for hardwaxe shall not be identifkd by hot stamping directly onto primary
or secondaxy (shield) insulation.

3.3.5 Workmanship

[1] The electrical design of the Power EM shall be in accordance with the design requirements
specfled in NHB 5300.4 (3A-1, 3G through 3K).

3.3.6 Safety

[1] The design shall meet the factors of safety presented in the mechanical section of
1S20008501.
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Hazards which cannot be eliminated or removed shall, where practical, be prevented through
incorporation and use of safety devices or features.

Remaining hazards shall be controlled using waning devices ardor special procedures.

Automated detection and safiig of hazards which may cause personnel injury or loss of the
Spacecraft shall be independent of those subsystems being monitored.

Where practical, the detection and safing of lesser hazards shall also follow this practice.

Design decisions shall accommodate compliance with safety requirements speci.lled in this
document before accommodating any other considerations (e.g., cost, schedule,
performance).

Human Performance/Human Engineering

The Power EM shall comply with the human engineering criteria of MIL-STD-1472.

Documentation

Documentation shall be in accordance with the Data Requ&ments list of the EOS-AM Spacecraft
Statement of Work (SOW), contract number NAS5-32500.

3.4.1 Specifications

All parent and component specs associated with this spec am shown in the EOS-AM Spacecraft
Specflcation free, 20008536. .

3.402 Drawings

[1] The Power EM shall be defined by prepared drawings. Drawing 20001408 shall define and
control the physical parameters of the EM,

[2] and drawings 20008682GX and 200387 13GX shall describe the EM Power and C&DH
harnesses, respectively.

3.43 Test Plans and Procedures

[1] Detailed qualillcation and acceptance test plans and procedures shall be prepared.

3.5 Precedence

In the event of conflicl.ing requirements between the documents referenced herein and the content
of this document, the following descending order of precedence shall be used in resolution of the
conflict

a. Requirements Document for the EOS-AM Spacecraft (RD)

b. Pexfoxmance Assurance Requirements for the EOS Observatories (PAR)

c. Unique Instrument Interface Documents
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d. The General InstrumentInterfaceSpecifkation (GIIS)

e. Contract End Item (CEI) Specification

f. External Interface Control Documents(ICD’s) (e.g., EOS to Launch Vehicle, EOS to
TDRSS, etc.)

g. Subsystemand MajorAssemblySpecifications

h. Component SpecKlcations
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QUALITY ASSURANCE PROVISIONS

section outlines the requirementsand structureof a qualityassuranceprogramfor the Power
EM. The purpose of the quaMy assurance program is to demonstrate that the design of the Power
EM and its components meet the performance requirements, has been manufactured properly, and
will operate as designed in association with all other EOS-AM Spacecraft interfaces. The PAP,
PN2MI05397, documents the overall quality assurance approach for the EOS-AM Spacecraft. The
speciilcs of the performance vetilcation process me documented in the Vefilcation Plan,
PN20005404.

4.1 General

Each of the requirementsin Section 3 of this specification shall be verifkd by performanceof
inspection, analysis, demonstration,or test as delineated in the test procedure.Test methods and
measurements shall be compliant with all requirements specifkd herein.

The fmt PowerEM battery panel (workhorse) is to be tested and verified according to the principles
of a Protoflight test program. The second Power EM battery panel is to be flight acceptance tested
and used to replace the Protoflight (workhorse) panel prior to Spacecraft shipment to the launch site.
Both the Power EM and Hex Bay workhorse bauery panels will support the power EM testing.

4.1.1 Responsibility for Tests

Unless othenvise specifiedherein, orin theStatementof WorLacceptanceandqualificationtesting
shall be performedby Astro Space.

4.12 Special Tests and Examinations

***Not Applicable***

4.1.3 Reliability Test

***Not Applicable* **

4.1.4 Engineering Evaluation and Test

***Not Applicable***

4.1s Protoflight and Flight Acceptance Test

Protoflight and flight acceptance tests, combined with the other vefilcation methods of
Attachment A (provided under separate cover), shall verify that the flight hardware design meets
the technical requirements of Section 3 of the Power EM speciilcation to assure operational
suitability in the defined environments. Flight hardware shall be used for Protoflight qualiilcation
testing. No ETM or mass models will be used to substitute for Protoflight or flight testing.
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Protoflight tests, where speci.tied, shall consist of qual.i.tlcation-level exposure of the fmt flight
article for flight acceptance-level durations (time an~or cycles). Flight tests shall consist of
acceptance-level exposure for flight-level durations (time and/or cycles).

Tests shall be petiormed under strict control of environments and test procedwes. Adjustments or
tuning of test hardware is not permitted throughout the entire test program. The requi.mments of
Section 3 to be verifki prior to, or after each environmen~ shall be as spec~led in Attachment A.

4.1.6 Installation Test and Checkout

Installation testing and checkout such as continuity checking, interface mating, support equipment
compatibility, and documentation verillcation shall be done in accordance with the Power EM Test
Plan, PN20001408. The Power EM integration and test flow is shown in Figure 9, and the Power
EM battery panel I&T flows is shown in Section 4 of the Power EM Battery Panel Performance
Specillcation, PS20008882. The Power EM and Hex Bay batte~ panels must be tested before
integration to the Power EM.

* Power EM Structures Strength Tested

Power EM Structures*
Battery Panel

Thermal CmtrolHardware Assemble Electrical
● Equipment ~ Integration . Functi(mal _

Kinematic Muunts
Module & checkout Teat

Tat Fixture

GUlponcnta— Hex Bay Battuy PUIC1 Hex Bay Battery Pxrtd -
Hameaa — Power

Handliog Fixture —
Power sTE—

Wcxkmanship

Comprehensive Single-his
~ m Random Vlbraticm

Comprehensive
Pexfamance * PerfOnnance

Test (Power EM only) Test

Hex Bay BaMcry Pxod - Hex Bay Battery Panel Hex Bay Battery Pxnd

Power WE — Power SIT Power STE

Wakmanship Comprehensive Mass Spacecraft Interfaee
Thermal ~ Perfamance ~ Properties ~ Installation ~ Verifkatiun

Cycle Test (Power EM
only) 4

Hex Bay Battery Paod Hex Bay Battery Panel -
Power STE Power SE - Sc

F@ure 9. Power EM Integration and Test Flow
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4.1.6.1 Electrical Integration and Checkout (EIC)

An EIC shall be performed to verify the proper input and grounding of power, commands, and
signals prior to mating of flight hardware. The EIC shall also verify proper response to power,
commands, and signal upon initial integration of flight hardware. The Power EM components shall
be integrated with the appropriate panel in the following order

-Z (PMAD) Panel -Y Panel

a. Bus Data Unit FSS Head

b. PDU

c. BPC 1

d. BPC 2

e. HCE (5)

f. FSS Elec~onics

g. FDB

The fme Sun sensor head is attached to the-Y panel after the EM is assembled.

4.1.6.2 Functional Test @W)

A functional test of the Power EM shall be performed to test command and data paths bemnxm
components and to exercise prime and redundant hardware.

4.1.6.3 Comprehensive Performance Test (CPT)

A CPT shall be performed to verify that the Power EM meets the performance requirements in all
operational and contingency modes, as well as verif@g all command and data paths and all
redundant hardware.

4.1.6.4 Interface Verification Test (IVT)

An electrical IVT shall be performed to verify the proper EM interfaces to the Spacecraft Bus,
including input and grounding of power, commands, and signals, prior to mating with the
Spacecraft.

4.1.7 Formal Test Verification

Fcmnal veritlcation of the performance requirements are in the Verification Matrix, Attachment A.
The Verillcation Matrix identities the test method as specified herein and the level at which tests are
conducted. The Power EM shall bc tested according to the Comprehensive Test Pkm for the
EOS-AM Spacecraft (VRD-105), PN200086&l, and the Power EM Test Plan, PN20001408.
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4.2 Quality Conformmce Xtiom

The Power EM shall be exposed to veri.tication conditions which represent those environments
encountered throughout the ground phase and fight mission. The environmental conditions and
levels of exposure am defmcd in the Vetilcation SpccKlcation for the Earth Observing System
(VRD-11O), PS20005404, Section 4. Them are four methods which my be used individually or in
combination to verify each requirement in Section 3. These methods, defined as inspection (I),
analysis (A), demonstration (D), and test (T), are defined in the Verification Speci.tlcation for the
Earth Observing System (VRD-1 10), PS20005404, Section 4.

4.2.1 Method of Verification

4.2.1.1 Inspection

Inspection may be used to verify design and construction requirements, drawing compliance, or
specific physical dimensions of the equipment module. Inspection is a method of verification of
physical characteristics that determines compliance without the use special laborato~ equipment,
procedures, test support items, or services. Inspection uses standard methods such as visual gauges,
etc., to verify compliance with requirements. Inspection also includes the review of design
documents, material lists, code, plans, etc., to verify that requirements have been met.

4.2.1.2 Analysis

Analytical techniques may be use~ in lieu of testing, to verify compliance to speciilcdrequimrnents,
either alone or in combination with test. The selected techniques may include, typically, system
engineering analysis, statistics, qualitative analysis, analog modeling, and computer simulation.

4.2.1.3 Demonstration

Demonstration is a qualitative method of verifkation that evaluates the properties of the subject
equipment by observation. Demonstmtion is used with or without special test equipment or
instrumentation to verify required characteristics such as operational functioning human
engineering features, service and access features, transportability, and displayed data.

4.2.1.4 Test

Test is a quantitative method of vefilcation wherein performance requirements are verilled by
measurement during and after the controlled application of functional and environmental stimuli.
These measurements may require the use of laboratory equipment, recorded data, procedures, test
support items, or services.

4.2.1.5 Classification of Characteristics

ClassKlcationof characteristicsas critical, majoror minor, shall be as defined in MIL-STD-109.

4.2.1.6 Test Equipment

[1] Existing test equipment shall be used wherever practical.
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[2] Where new test equipment is required to test units which aIEphysically or functionally
identicalor similar,the equipmentshall be designedto performits task(s) on each element
of that group,wherepmctical.

4.2.1.6.1 Test Equipment Safety Features

[1] Test equipmentshall incorporateany safety interlocksor other safety features necessary to
reduce the introductionof safety hazardsby the test equipment.

[2] Any safety feature included in any Spacecraft test equipment shall give a visual, auditory,
or electronic indication of activation when its its activated.

4.2.1.63 Test Equipment Verification

Unless otherwise specifkd herein, test equipment used to measure Power EM performance
characteristics shall be capable of demonstrating that

a. it will not impose environments on the tested item(s) beyond the levels called for in the
Vefilcation Specification, PS2MI05404, and

b. it is capable of imposing the test levels called for in the Verification Speciilcat.ion,
PS20005404.

c. it is capable of meeting all the requirements imposed on it by the Ground Support
Equipment Requirements Document, 20001430 (GSERD).

4.2.1.63 Test Equipment Calibration

[1] PowerEM Testequipmentshallbecalibrated in accordance with the Performance Assurance
ImplementationPlan, 20005397.
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5 PREPARATION FOR DELIVERY

5.1 General

Interior and exterior shipping containers shall be marked in accodance with the Subcontractor
Petiormance Assurance Requirements, 20004280.
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6 NOTES

6.1 Definitions

None

6.2 Abbreviations and Acronyms

BDU

BEP

BPC

BPM

CCHP

C&DH

CDR

CEI

EAS

EGSE

EIC

EM

EMC

EMI

EOS

EPc

EPs

ESE

EU

FDB

FSS

GN&C

HCE

I&T

Bus Data Unit

Battery Enable Plug

Battery Power Converter

Battery Pressure Monitor

Capillary Cooled Heat Pip

Command and Data Handling

Critical Design Review

Contract End Item

Comprehensive Performance Test

Electrical Accommodation Subsystem

Electrical Ground Support Equipment

Electro-explosive Device

Electrical Integmtion and Checkout

Equipment Module

Electromagnetic Compatibility

Electromagnetic Interference

Earth Observing System

Electrical Power Convetier

Electrical Power Subsystem

Earth Sensor Electronics

Electronics Unit

Fuse Distribution Board

Fine Sun Sensor

Guidance, Navigation, and Control

Heater Control Electronics

Integration and Test

41 DCC080593



PS20001408
05August 1993

Pm

PAML

PAPL

PMAD

PMCS

PDR

PDU

PWM

Scs

SMS

Ssu

STE

TCS

Interface Veri.tlcationTest

KinematicMount

PerformanceAssuranceImplementation Plan

Program Approved Materials and Process List

Program Approved Parts List

Power Management and Distribution

Power Monitoring and Control Software

preliminary Design Review

Power Distribution Unit

Pulse Width Modulation

Spacecraft Checkout Station

Structures and Mechanisms Subsystem

Sequential Shunt Unit

Special Test Equipment

Thermal Control Subsystem

6.3 Exceptions to the GIS and GIIS.

None

6.4 Requirements Traceability Matrix

Requirements shown in Section 3 of this speciilcation were derived from the source documents,
PS20005396, Contact End Item Spec~lcation (CEI). Compliance to the requirements are shown
in the Requirements Traceability Matrix, Attachment B ( provided under separate cover).
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10 POWER EM TEST POINTS

Test Point Name EM Internal Routing Test
Level

PDU Mode Controller Reference Test Point PDU to EM Test Corm EM,SC

PDU Mode Controller A Fail Stim Test Input PDU to EM Test Corm EM,SC

PDU Mode Controller B Fail Stim Test Input PDU to EM Test Corm EM,SC

PDU mode Controller C Fail Stim Test Input PDU to EM Test Corm EM,SC

PDU Shunt Drive A Fail Stim Test Input PDU to EM Test Corm Sc
1 1

PDU Shunt Drive B Fail Stim Test Input IPDU to EM Test Corm Isc I
PDU Shunt Drive C Fail Stim Test Input PDU to EM Test Corm ISc

I
IPDU Shunt Drive Reference Ground Test Point IPDU to EM Test Corm Isc I

,

Primary Power Reference Test Point IPDU to EM Test Corm IEM,SC I
1 I

External Power Safety Ground Test Point IPDU to EM Test Corm Ill I

120 Volt Bus Test Point PDU to EM Test Corm EM,SC

PDU Load Feed Redun Fuse Test Points (60x2) PDU to EM Test Corm EM,SC

PDU Batt 1Feed Redun Fuse Test Points (4x2) PDU to EM Test Corm EM,SC

PDU Batt 2 Feed Redun Fuse Test Points (4x2) PDU to EM Test Corm EM,SC

Battery 1 Double Insulation Test Points (2) EM Bat 1 to GSE BatlConnl EM,SC

120 Volt Bus Test Points (2) EM Bat 1 to GSE BatlConn2 EM,SC

Primary Power Refenmce Test Points (2) EM Bat 1 to GSE BatlConn2 EM,SC

120 Volt Bus Double Insulation Test Points (4) EM Bat 1 to GSE BatlConn2 EM,SC

IHousekeeping Load Current Test Point IEM Bat 1 to GSE BatlConn2 IEM,SC I
,

Instrument Load Current Test Point IEM Bat 1 to GSE BatlConn2 IEM,SC I
I I

Battery 1 Return Test Point IEM Bat 1 to GSE BatlConn2 IEM,SC I,
Battery 1 Volts Test Point IEM Bat 1 to GSE Bat lConn2 IEM,SC I
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APPENDIX II

20 ELECTRICAL CONNECTOR CONTACT ASSIGNMENTS

POWER EM WC INTERFACE CONNECTOR PANEL LIST

Comector Designations: PXIJOl Connector Function: Bat 1 & 2 Pyro A
Part Number: 20038047PJ1C98A Connector Type: 10 pin circular

Contact Number Function Name Cimuit Category Destination/Source

(TBS-1) (TB%l) (TBS-1) (TIN-l)

IComector Designations: PX1J02 IConnector Function: Bat 1 & 2 Pyro B
Part Numbe~ 20038047PJ1C98N Connector me: 10 pin circular I

4

Contact Number Function Name Circuit Category Destination/Source

(T’ISl) (mS-l) (TIM-l) (TBS-1)

Connector Designations: PX1J03 Comector Function: Bat 1 & 2 Umb Pwr
Part Number: 20038047PJ1E26N Connector we: 26 pin circular

Contact Number I Function Name Circuit Category I Destination/Source

(TBS-1) I (TBS-1) (TBS-1) I (TBS-1)

Connector Designations: PXlJ04 Connector Function Bat 1 & 2 Umb C&T
Part Numbe~ 20038047PJ1E35N Connector ~e 55 pin circular—

J
Contact Number Function Name Circuit Category Destination/Source

(TBS-1) (TIN-l) (TIN-l) (TIN-l)
1 I

Connector Desigmtions: PXlJ05 Connector Function: SAD 1A, lB
Part Numbe~ 20038047PJ1H55N Connector Type: 55 pin circular

Contact Number Function Name Circuit Category Destination/Source

(TBS-1) (TIM-l) (mS-l) (TBS-1)

IConnector Designations: PX1J06 Connector Function: SAD lC, lD
Part Number: 20039047PJ1H55A Connector ~pe: 55 pin circular I

1

I Contact Number I Function Name I Circuit Category I Destination/Source I
(TM-l) (l-K-l) (TBS-1) I (TBS-1)

Comector Desigmtions: PX1J07 Connector Function: SAD lG lF
Part Number: 20038047PJ1H55B lConnectorType: 55 pin circular

Contact Number Function Name Circuit Category Destinatiofiource

(TBS-1) (TIM-l) (TIM-l) (TBS-1)L
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POWER EM WCINTERFACE CONNECTOR PANEL LIST (Continued)

Comector Designations: PXlJ08 Connector Function: DEU 1 kW
Part Number: 20034844PJ1B98B Comector me: 6 pin circular

Contact Number Function Name Circuit Category Destination/Source

(TEE&l) (TIM-l) (TBS-1) (TBS-1)

Connector Designations: PX1J09 Connector Function: 6 kW Test
Part Number: 20034844PJ1D18N Connector me: 18 pin circular

Contact Number Function Name Circuit Category Destination/Source

(TBS-1) (mS-l) (TIM-l) (TIM-l)
P —
Connector Designations: PX1J1O Connector Function Instr. Pwr
Part Number: 20038047PJ1J61N Connector Type: 61 pin circular

Contact Number Function Name Circuit Category Destination/Source

(TIM-l) (TN&l) (TBS-1) (TBS-1)
I

1 1

~Comector Designations: PXIJ1l Connector Function: Instr. Pwr
IPart Numbe~ 20038047PJ1J61A Connector ~c 61 pin circular

I

Contact Number I Function Name I Circuit Category I Destimtion/Source I# ,
(TIN-l) I (TB!!&l) I (TIM-l) I (TIM-l) I

1 !
— 1

Connector Designations: PXlJ12 Connector Function: EM Pwr A
Part Numbe~ 20038047PJ1G41N Connector me: 41 pin circular
1

Contact Number Function Name Circuit Category Destination/Source

(TBS-1) (TBS-1) (TBS-1) (TBS-1)

Connector Designations: PXlJ13 Connector Function EM Pwr A
Part Number: 20038047PJ1G41A Connector Type: 41 pin circular

Contact Number Function Name Circuit Category I Destination/Source

(TBS-1) (TBS-1) (TBS-1) I (TBS-1)

Connector Designations: PX1J14 Connector Function: EM Pwr B
Part Number: 20038047PJ1G41B Comector Type: 41 pin circular

Contact Number Function Name Circuit Category Destination/Source

(TBS-1) (TBS-1) (TBS-1) (TBS-1)

‘Connector Designations: PX1J15 IComector Function: EM Pwr B
Part Number: 20038047PJ1G41C Connector MG 41 pin circular

,

Contact Number Function Name I Circuit Category I Destination/Source
I I t

(TIM-l) (TBS-1) I (TBS-1) I (TIM-l)
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POWER EM S/C INTERFACE CONNECTOR PANEL LIST (Continued)

Connector Designations: PX1J16 Connector Function 28V to FSSE “
Part NumbeK 20038047PJ1A35N Connector me: 6 pin circular

Contact Number Function Name Cimuit category DestinationlSource

(TBS-1) (mS-l) (TBS-1) (TBS-1)

Connector Designations: PX1J17 Comector Function: 28V to FSSE
Part Numbe~ 20038047PJ1A35A Connector ~: 6 pin cirmdar

Contact Number Function Name Ciiuit category Destination/Source

(TIM-l) (TBS-1) (TBS-1) (TM-l)

Connector Designations: PX1J18 Connector Function:
Part Number: 2OO42415P11O4PB Connector Type: 104 pin rectangular

Contact Number Function Name circuit category Destination/Source

(TIWl) (TIN-l) (TBS-1) (TBS-1)

Connector Designations: PX1J19 Connector Function:
Part Number: 2OO42415P11O4PB Connector me: 104 pin rectangular

Contact Number I Function Name cimuit category I Destination/Source

(’I’WLl) I (’HIS-l) ~ (TIM-l)
— m

Comector Designations: PX1J20 Connector Function
Part Number: 2OO42415P1O5OPA Connector ~ 50 pin rectangular

Contact Number Function Name circuit category Destination/Source

(TBS-1) (TB!!&l) (TIM-l) (TBS-1)

Connector Designations: PX1J21 Connector Function:
Part Numbe~ 20042415PI050PA Connector ~: 50 pin rectangular

Contact Number Function Name Circuit Category Destination/Source

(TIM-l) (TBS-1) (TIM-l) (TBS-1)

Connector Designations: PX1J22 Connector Function: HD Cmd
Part Numbe~ 2OO42415P1OO9PA Connector ~pe: 9 pin rectangular

Contact Number Function Name Cimuit Category Destination/Source

(TIN-l) (TBS-1) (TBS-1) (TBS-1)

Connector Designations: PX1J23 Connector Function: HD Cmd
Part Number: 2OO42415P1OO9PA Connector ~ 9 pin rectangular

Contact Number Function Name Cmuit category Destination/Source

(’Ills-l) (TBS-1) (TIN-l) (TIN-l)d
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POWER EM S/C INTERFACE CONNECTOR PANEL LIST (Continued)

IConnector Designations: PX1J24 ~
I
Connector Function: C&T Bus 1

Part Number: 20040889P1 Connector ~: triax (1553) I
4

Contact Number Function Name Cimuit Category Destination/Source

(TBS-1) (TIM-l) (’Ills-l) (TBS-1)

IConnector Designations: PX1J125 IConnector Function: C&T Bus 1
Part Number: 20040889P1 Connector me: triax (1553) I

Contact Number Function Name Cimuit Category Destimtion/Source

(TBSl) (mS-l) (TBS-1) (TBS-1)
w — —
Connector Designations: PX1J26 Connector Function: C&T Bus 2
Part Number: 20040889P1 Connector me: triax (1553)

Contact Number Function Name Circuit Category Destination/Source

(TBS-1) (TIM-l) (TBS-1) (TBS-1)
1

Connector Designations: PX1J27 Connector Function: C&T Bus 2
Part Number: 20040889P1 Connector me: triax (1553)

Contact Number Function Name Circuit Category Destination/Source

(TIM-l) (TBSl) (TBS-1) (TBS-1)

BA’ITERY PRE-ENABLE CONNECTOR PANEL LIST

Connector Designations: BEJO1 Connector Function Battery Enable Ch 1
Part Number: 20038047PJ1G41B Comector me: 41 pin circular

Contact Number Function Name Circuit Category I Destination/Source

(TBS-1) I (mS-l) ‘1 ‘m=) I (TBS-1)
1 1

Connector Designations: BEJ02 Connector Function: Battery Enable Ch 2
Part Numbe~ 20038047PJ1G41N Connector Type: 41 pin circular

Contact Number Function Name Circuit Category Destination/Source

(TBS-1) (TIM-l) (TBS-1) (TBS-1)

Comector Designations: BEJ03 Connector Function: Battery Enable Ch 3
Part Numbe~ 20038047PJ1G41B Connector Type: 41 pin circular

I Contact Number I Function Name I Circuit Category I Destination/Source I

I (’TB%l) I (TIN-l) I (TBS-1) I (TBS-1) I
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BEJ3 Battery Enable Channel 3
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PGSEJ7 GSE Interface
PGSEJ8 GSE Interface

PEJ9 BatteryPre-Enable Channel 1
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PEJ11 Battety Pre-Enable Channel 3
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PDUPEJ14 PDU Prc-Enable,Rcdundant
PGSEJ15 GSE Interface
PGSEJ16 GSE Interface
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BATTERY PRIMZNABLE CONNECTOR PANEL LIST (Continued)

Connector Des@ations: BEJ04 Connector Function: Battery Enable Ch 4
Part Numbe~ 20038047PJ1G41N Connector me: 41 pin circular

Contact Number Function Name ~ Destination/Source

(TIE-l) (mS-l) (TBS-1) (TBS-1)
L
Connector Designations: PDUBlZJ05 Comector Function: PDU Enabl~ Primary
Part Numbe~ 20038047PJ1F35N Connector ‘I@ 66 pin circular

Contact Number Function Name Circuit Category Destination/Source

(l-W-l) (TM-l) (TIM-l) (TIM-l)
I 1 1

Connector Designations: PDUBEJ06 Connector Function: PDU Enablq Redund
Part Numberv 20038047PJ1F35A Comector me 66 pin circular

I
.-

Contact Number I Function Name I Cimdt Category
1 1 I

(TBS-1) I (TBSl) I (TBS-1) I (TIM-l) I
Connector Designations: PGSIH07 Connector Function: GSE Interface
Part Number: 20038047PJ1G41N Connector me: 41 pin circular

I

Contact Number Function Name Cimuit Category Destination/Source

(TBS-1) (TBS-1) (TM-l) (TIM-l)
~

Connector Designations: PGSEJ08 Connector Function: GSE Interface
Part Numbe~ 20038047PJ1G41A Connector ~: 41 pin circular

~ Function Name Circuit Category Destination/Source

(TBS-1) (TIM-l) (TBS-1) (TBS-1)

Connector Designations: PEJ09 Connector Function: Battery Pre-En Ch 1
Part Number: 20038047PJ1G41C Connector Type: 41 pin circular

Contact Number Function Name Circuit Category Destination/Source

(TBS-1) (TBS-1) (TBS-1) (TBS-1)

Connector Designations: PEJ1O IConnector Function: Battery Pre-En Ch 2
Part Number: 20038047PJ1G41A Comector Type: 41 pin circular I

1

Contact Number I Function Name I Circuit Category I Destinatiofiource 1
(TBS-1) (TIM-l) (TBS-1) I (TBS-1)

Comector Designations: PEJ1l Comector Function: Battery Pre-En Ch 3
Part Number: 20038047PJ1G41C Comector ~: 41 pin circular

Contact Number Function Name Cimuit Category Destination/Source

(TBS-1) (TIM-l) (TIM-l) (TBS-1)
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BATTERY PRE-ENABLE CONNECTOR PANEL LIST (Continued)

IConnector Designations: PEJ12 IConnector Function: Battery Pre-En Ch 4
Part Nunhz 2Q038047PJ1G41A Connector w: 41 pin circular I

j Contact Number 1 Function Name 1 Circuit Category I DestinatiodSource I
1 I

(TBSl) (TIN-l) (mS-l)- - I (TBS-1)

Comector Designations: PDUPN13 Connector Function: PDU PrAln Primary
IPart Numbe~ ~38047PJlF35B lConnector~e: 66pin circular I

Contact Number Function Name Cilwlit category Destination/Source

@Bs-1) (’TM&l) (TM-l) (TBS-1)
J

Connector Designations: PDUPEJ14 Connector Function: PDU Pm-En Redund
Part Numbe~ 20038047PJ1F35C Connector Type: 66 pin circular

J

Contact Number Function Name Circuit Category Destination/Source

(TIM-l) (TB&l) (TIM-l) (TBS-1)
-

Connector Designations: PGSEJ15 Connector Function: GSE Interface
Part Number: 20038047PJ1G41B Connector ~: 41 pin circular

Contact Number Destination/Source I
I

(TBSl) ~
-

Connector Designations: PGSM16 Comector Function: GSE Interface
Part Numbe~ 20038047PJ1G41C Connector k: 41 pin circular

~
Contact Number Destination/Source I

I 1 1

(TIM-l) I (TBS-1) I (TBs-1) I (TIM-l) I
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1 SCOPE

1.1 Identification

This spectilcation establishes the performance, design, development, and test requirements for the
CommunicationdCommand andDataHandling (COMM/C&DH) Equipment Module (EM) critical
item. The Comm/C&DH EM shall meet all the applicable requirements of the Contract End Item
(CM) Specillcation for the EOS-AM Spacecraft, PS20005396 (SEP-101), throughout its design
life. The principal requirement of modularity to facilitate Spacecraft construction, maintenance and
serviceability is satisfied by this module design. The equipment module will be designed to facilitate
producibility, integration, and accessibility to the internal components while minimizing weight.
The equipment module will be modular to allow on-ground removal and replacement onto the
Spacecraft core.
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2 APPLICABLE DOCUMENTS

The following documents of the exact issue shown, forma part of this specification to the extent
speci.fkd herein. In the event of conflict between the documents referenced herein and the contents
of this speci.ilcation, the contents of this spec~lcation shall take precedence, except as defined in
Section 3.6 herein.

2.1 Government Documents

The following documents of the exact issue shown, forma part of this specification to the extent
specified herein. In the event of conflict between the documents referenced herein and the contents
of this specification, the contents of this specification shall take precedence, except as defined in
Section 3.6 herein.

2.1.1 Military

MSFC-SPEC-522

MIL-STD-490
30 October 1968
NOTICE 1-1 February 1969
NOTICE 2-18 May 1972

M’lbSTD-889 (Rev. B)
4 March 1988

MIL-STD-1472 (Rev. D)
20 March 1991

MIL-STD-1553 (Rev. B)
8 September 1986

MIL-STD-109

WSMCR-127-1
December 1989

MIIAIDBK-5

MIL-HDBK-17

2.12 NASA

420-03-02
1 December 1992

Design Criteria for Controlling Stress Corrosion

Specitlcation Practices

Dissimilar Metals

Human Engineering Design Criteria for Military
Systems, Equipment, and Facilities

Digital Time Division CommancUResponse
Multiplex Data Bus

Ciassillcation of Characteristics

Western Space and Missile Center Range Safety
Regulations

Military Handbook, Metallic Materials and Elements
for Aerospace Vehicle Structures

Military Handbook, Plastics for Aerospace Vehicles

General Instrument Interface Spectlcation (GIIS),
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42(M5W2
8 November 1991

421-10-01
1 May 1992

NHB 5300.4 (3A-1)
December 1976

NHB 5300.4 (3G)
Aprd 1985

NHB 5300.4 (3H)
May 1984

NHB 5300.4 (31)
May 1984

NHB 5300.4 (3J)
April 1985

NHB 5300.4 (3K)
April 1985

c
Performance Assurance Requirements for the EOS
Observatories (PAR)

Requirements Document for the EOS-AM
Spacemaft @D)

Requirements for Soldexed Electrical Connections

Requirements for Interconnecting Cables,
Harnesses, and Wiring

Requirements for Crimping and Wire Wrap

Requirements for Printed Wiring Boards

Requirements for Conformal Coating and Stalcing of
Printed Wiring Boards and Electronic Assemblies

Design Requirements for Rigid Printed Wiring
Boards and Assemblies

2.2 Non-Government Documents

Unless otherwise spec~le~ the following documents of the latest issue form a part of this
specification to the extent specfled herein. In the event of conflict between the documents
referenced herein and the contents of this spec~lcation, the contents of this specflcation shall be
considered a superseding requirement, except for higher tier documents.

2.2.1 Martin Marietta Astro Space Documents

2.2.1.1 Specifications

1S20008501 General Interface Specti~cation for the EOS
Spacecraft (ICD-101)

PS20001415 Structures and Mechanisms Subsystem Spectilcation

PS20004749 Electrical Power Subsystem Performance
Specification

PS20005396 EOS–AM Spacecraft Contract End Item
Specification (SEP-101)

PS20005404 Verillcation Specification for the Earth Observing
System (VRD-1 10)
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PS20008543

PS20008549

PS20008550

PS20008567

PS20008568

PS20008569

PS20008570

PS20008580

PS20008584

PS20008586

PS20008602 “

PS20008636

PS20008694

PN20001412

20001430

PN20005397

2.2.1.2 Standards

S32534, Rev. E

c
Perfcmnance SpecKlcation forthe MasterOsci.llator

Thermal Control Subsystem Speci.tlcation

Petiormance SpecKlcation fortheHeaterControl
Electronics

CommandandData Handling Subsystem
Performance Specification

Performance Specification for the Bus Data Unit

Performance Spedlcation for the Command/
Telemetry Interface Unit

Performance Speciilcation for the Spacecraft
Controls Computer

Communications Subsystem Speciilcation for the
EOS–AM Spacecraft

Performance Specillcation for the S-band
Transponder

Performance Specification for the S-band Interface
Unit

Performance Speci.flcation for the Amay Drive
Electronics

Electrical Accommodations Subsystem Speciilcation

Performance Specitlcation for the Fuse and
Distribution Box

EOS-AM Spacecraft Contamination Control Plan
(SEP-107)

Ground Support Equipment Requirements Document
(SEP-104)

EOS Petiormance Assurance Implementation Plan
(PAIP) (PA-1OO)

Martin Marietta Astro Space
P. O. BOX 800
Princeton, NJ 08543-0800

Identi.tlcation Marking
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2.2.103 Drawings

20008745

ICD20W3745

Source:

2.2.1.4 Other Publications

20008536

20008540

PN20005869

PL20008648

PL20008650

PN20005397

PN20005404

PN20008664

PN20008745

Source:

EIA Std. RS-422

Source:

COMIWC&DH Equipment Module Assembly
Drawing

Interface Control Drawing, COMM/C&DH
Equipment Module

Martin Marietta Astro Space
P. O. BOX 800
Princeton, NJ 08543-0800

EOS-AM Spacecraft Speciilcation Tree

Logistics Plan

Electromagnetic Compatibility Control Plan
(SEP-106)

Program Approved Parts List (PA-325)

Program Approved Materials and Processes List
(PA460)

Performance Assurance Implementation Plan
(PAW)

Vefilcation Plan for the Earth Obsening System
(VRD-11O)

Comprehensive Test Plan for the EOS-AM
(VRD-105)

Command & Data Handling/Communications
Equipment Module Test Plan

M@ Marietta Astro Space
P. O. BOX 800
Princeton, NJ 08543-0800

Electrical Characteristics of Balanced Voltage Digital
Intetface Circuits

Electronic Industries Associates
Engineering Department
2001 Eye Street
N.W. Washington, D.C. 20006
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CCSDS 201.CMI-1
1987

CCSDS 202.@B-l
1987

CCSDS 203.O-B-1
1987

CCSDS 301.O-B-1
January 1987

CCSDS 700.04-2
October 1989

CCSDS 701.O-B-1
Issue 1, October 1989

Source:

=

Recommendations for Telecommand, Part 1, January
Channel Service

Recommendations for Telecommand, Part 2, January
Data Routing Service

Recommendations for Telecommand, Part 3, January
Data Management Service

Recommendations for Time Code Formats

Recommendations for Advanced Orbiting Systems.
Networks, and Data Links: Summary of Concept,
Rationale and Performance

Recommendations for Advanced Orbiting Systems.
Networks, and Data Links:

CCSDS Secmariat
Communications and Data Systems Div. (Code-TS)
National Aeronautics and Space Administration
Washington, D.C. 20546
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3 REQUIREMENTS

The Communication#Command and Data Handling Equipment Module (COMM/C&DH EM)
shall meet all performance requirements spec~led herein under all combinations of environmental
conditions and input signals described and after exposure to the launch environment described
herein. AUrequirements are end-of-life (EOL) specifications unless stated otherwise.

3.1 Critical Item Definition

The COMM/C&DH EM contains elements of several Spacecraft subsystems. These subsystems and
their major functions performed within the Equipment Module are described in Table I.

‘I?ableL COWC&DH EM Subsystem Functions

Subsystemand
Performance Major Subsystem Functions
Specification

commandand - Providesdata formattingfor S-band telemetrylinks.
Data Haudling - Decodesand disrnbutesuplinkcommands.

Subsystem - Providesstandardizedsensorandeffecter interfacesto localusers.
(-m - Providesmultipletelerneay collectionschedulesfor both Sband

PS20008567 downlinksand for onboardck)sed-kq control.

- Providesa real-time clock to synchronizeusers.
- Providesa processingresourceto suppoxtother subsystemfunctions.
includingattitudecontrol,navigation,communications,etc.

communications -Performsmodulation,codingattdhighpoweramplificationsof telemetry signals
Subsystem in supportof communicationsvia the Ornniandhigh-gain antennas.
(coMM’) - Perfcmnsdemodulationof forwardlink commandsignalsreceivedvia the

PS20008580 omni and highgain antennas.
- Provideson–boardfiquency referenceto supportthe highaccuracy

frequencyrequirementsof all Spacecraftsubsystems.
- Receivesand pre-processesTDRSSnavigationsignals.

Electrical - Providespowerdisuibution and fusingfor all local 120volt users.
Power Subsystem - Providespositioningcontrol for the solar array.

m)
PS20004749

Thermal Control - Providesthermalradiators,heaters,sensors,andconrrolfor maintainingEM
Subsystem(TCS) temperatures.

PS20008549

Electrical Accom- - Provides the harnessand comections for electricalcomponents,
modationsSubsys- includingC&DHdata bussesand discretewiring.

tern (EAS) – Groundingand signalreferenceconnections.
PS20008636

structures & - Providesmountingand protectionfor EM components.
MechanismsSub- - Rovides a thermalpath to carry dissipatedmmponent power.

system (SMS)
PS20001415
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3.1.1 COWC&DH Equipment Module Description

The Cornm/C&DH Equipment Module houses the S-band RF equipment for command nxeption
and telemehy transmission and the C&DH equipment for command processing and distribution.
This EM also houses the telemetry collection and formatting equipment, the Spacecraft Controls
Computers, the control electronics for the solar may drive motor, and the equipment to interface
with the Spacecraft power, thermal, and C&DH subsystems. An isometric diagram of the
Comm/C&DH EM showing the layout of components is shown for refenmce only in Figure 1.

lRT2RPAN2L -
l/c Zm-f

L)m \
Scc

\ i

I

Y Legend:

ADE
BDU
BRF
CTIU
FDB
HCE
UC BRKT

~:u
SBT
Scc

Figure 1.

Array Drive Electronics
Bus Data Unit
Band Reject Filter
Command Telemetry Interface Unit
Fuse Distribution Box
Heater Control Electronics
Interface Con rwtor Bracket
Master Oscillator
S-band InterfaceUnit
S-band Transponder
Spac=raft Controls Computer

Isometric Diagram of the COMM/C&DH EM
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The COMM/C&DH Equipment Module performs the following functions:

a.

b.

c.

d.

e.

f.

g.

Receiving, &modulating, and decoding S-band command data.

Management and control of the Spacecraft Command and Telemetry Data Bus.

Coding and modulating the Spacecraft housekeeping telemetry and low-rate science
data.

Routing the S-band signals to and from the Spacecraft antennas. and the S-band
transponders.

Electronic Control of the Solar Amy rotation.

Petiorming onboard Spacecraft housekeeping control and data processing support.

Providing an on-board frequency reference and time updates for the Spacecraft.

3.1.2 Interface Definition

The Comm/C&DH EM and all included components shall utilize the standard interfaces defined in
the General Interface Specillcation (GIS) for the Earth Obseming System, 1S20008501. Exceptions
must be explicitly noted in either the component spec~lcations or this document.

3.1.2.1 Electrical Interfaces

Electrical connections between and among the components of all subsystems within the module are
part of the EM harness design. An electrical interface connector bracket attached to the +Z panel
shall support all module harness interface connectors requiredto mate with the bus harness. Figure 2
shows the primary internal and external connections for the Comm/C&DH Module.

[1] All elecrncal connections between the Spacecraft and the Comrn/C&DH EM shall meet the
requirements of the GIS (IS20008501), the EMC Control Plan (PN20005869), and the
Electical Accommodations Subsystem (EAS) Performance Specification (PS20008636)
regarding Power, Grounds, Standard SignaI Interfaces, Test Points, Connectors, Pin
Allocations, and harness design and construction.

[2] All electrical connections between the components in the COMM/C&DH EM and between
the COMM/C&DH EM and the Spacecraft core shall be accomplished through the use of
interconnecting cables as described in the COMM/C&DH EM Harness Installation
Drawing, 20038241.

[3] All electrical connections between the components in the COMM/C&DH EM and between
the EM and the Spacecraft Core shall be accomplished through the use of interconnecting
cables as described in the Comm/C&DH EM harness installation drawing, 20038241.

3.1.2.1.1 Spacecraft Power Bus Interface

[1] The Comrn/C&DH EM shall accept a prime power voltage of 120 volts DC A4%.

[2] The recorder EM shall
shown in Figure 3.

connect to the 120V Spacecraft power bus via four power feeds as
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Figure 2. COMM/C&DH Equipment Module (EM) Block Diagram
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120VdcBus 120 Vdc BUS 120VdcBUS 120VdcBuS

Feed A Feed B Feed C Feed D

Fi~ 3. Power Distribution in the CO WC&DH Equipment Module

3.1.2.12 Spacecraft Command and Telemetry Bus

[1]

[2]

[3]

[4]

[5]

[6]

The Command and Telemetry (C&T) Bus which provides both internal and external
connections to the Comm/C&DH EM shall be implemented according to
MIL-STD-1553B.

The C&T bus shall be comprised of two separate, redundant busses (A and B).

Separate triaxial connectors, one each for both the A and B buses,shall be provided at the
external interface of the Comm/C&DH EM.

Intetiaces with the C&T buses shall be over shielded twisted pair hzmsformer coupled
connections.

Each side of the BDU shall interface to both the A and B Spacecraft C&T buses. The BDU
shall distribute commands to, and collect telemehy from, all components located in the
Cormn/C&DH EM.

The RT address assignments on the Command and Telemetry Bus shall be as listed in
‘hble II. The component RT addmses listed in Table II will be programmed via jumper
plugs provided by the EAS.
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The C&T bus connections are shown conceptually in Figure
=

4. One CITU acts as bus controller
(BC), and the other CI’IU, the two SCCS, ~d the BDU tm cotilgured as remote terminals (RT).
Each of these components is comected to the C&T bus via tmnsformer-coupled stubs which me
provided as part of the EM harness. One end of each of the two busses is terminated in the EM as
part of the harness. The bus extends outside the EM to provide other housekeeping equipment and
the Instruments with a path to communicate housekeeping commands and telemetry to and from the
CTIu.

EXTERNAL
CONNECTION

BDU

w-5!F-

Comm/C&DH EM
mm

NOTES:
1. T/C=TIUNSFORMER COUPLER
2. CONNECTION ORDER NOT NECESSARILY

AS SHOWN
3. BUSSES ARE MTL-STD-1553B

Figure 4. CommanWelemetry Bus Connections
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Table IL Command and Telemetry Bus RT Address Assignments

I uNt I RT Address I

1

I SCGI I 3 I,

I SCG2 I 4 I
1

I BDU I 16 I

3.1.2.1.3 Spacecraft Low Rate Science Bus Interface

[1] The Low Rate Science Bus shall be implemented according to MILSTD-1553B.

[2] The CTTUSshall be cotilgurcd as RTs on the Low Rate Science bus.

[3] Redundant Low Rate Science bus (A and B) connections shall be provided by separate
triaxial connectors located on the EM.

[4] Each CTIU shall be comectczl to both A and B Low Rate Science buses through
transformer<oupled stubs provi&d by the EAS.

[5] The Readdresses assigned to Cl’lU-l and CTIU-2 shall be 1and 2, respectively. The CTIU
RT addresses will be programmed via jumper plugs provided by the EAS.

3.1.2.1.4 Spacecraft l’lme Mark and Frequency Bus Interface

[1] The SpacecraftTmeMark andFrequency Bus shall consist of two separate, redundant buses
(A and B).

[2] Each Tne Mark and Frequency Bus shall intexface with both CllUs, although the bus will
be driven by one CITU at a time.

[3] Separate triaxial connectors, one each for both the A and B Time Mark and Frequency buses,
shall be provided at the external interface of the Comm/C&DH EM.

[4] Cabling for the Time Mark and Frequency bus shall be 100 ohm, double-shielded twisted
pair.

lime Mark and Frequency bus connections are shown conceptually in Figure 5.

3.1.2.1.5 Intra-EM Signal Interfaces

3.1.2.1.5.1 SCC/CTIU Interface

[1] The intetiace between the SCCS and the CTIUS shall be in accordance with the C&DH
Subsystem Performance SpecKlcation, PS20008567.

[2] This intetiace shall be fully cross-strapped between both SCCS and both C’ITUs.

[3] Signals between the SCC and CTIU shall be compatible with RS422.
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TIF BU+A

cl-w-l

TF BUS-B
T/F BUS-A

EXTERNAL
W BU%B CONNECTION

T/F BUS-B

CTIU-2
TRIA%IAL 00 NNECTOR (TYP.)

T/F BUS-A

Comm/C&DH EM

Figure 5. ‘IIme Mark and Frequency Bus Connections

3.12.1052 SBT/SBIU Interface

[1] The int.cxface between the SB’Ik and the SBIUS shall be in accordance with the
Communications Subsystem Performance Specification, PS20008580.

[2] Signals between the SBT and SBIU shall be compatible with RS-422.

3.1.2.1.5.3 CTIUBBT Interface

[1] The interface between the CITUs and the SBTS shall be in accordance with the
Comman~elemetry Interface Unit Performance Specification, PS20008569, and the
S-band Transponder Performance Specification, PS20008584.

[2] The CTIU/SBT interfaces shall be RS-422 compatible.

Connections between the CTIU and SBT are shown in Figures 6 and 7. Both CTIUs will receive
uplink baseband trafllc from both SBTS,while only one CITU at a time will provide valid downlink
telemetry to the SBTS.

3.1.2.1S.4 Master Oscillator (MO) Internal Interfaces

[1] The interface between the Master Oscillator and the CITU shall be as defined in the
Command/Telemetry Interface Unit Performance Specitlcation, PS20008569, and the
Master Oscillator Performance Specification, PS20008543.

[2] The cables between the MOS and the CTIUS shall be shielded twisted pair.
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b
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-I

Figure 6. CTIU to S-Band ‘lhmsponder (SBT) Interface

[3] The interface between the MO and the SBT shall be as defined in the S-band ‘lla.nsponder
Performance Specification, PS20008584, and the Master Osei.llator Performance
SpecKlcation, PS20008543.

[4] Cables between the MOS and the SBTSshall be coaxial type RG303.

The MO interfaces internal to the Comrn/C&DH EM are shown in Figure 8.

3.1.2.1.SS Thermal Control and Monitoring Interfaces

[1] The thermal control interfaces involving sensors, heaters, and HCES shall be as detailed in
the Thermal Control Subsystem Performance SpecKlcation, PS20008549.

[2] Strategically located throughout the EM shall be a set of thermistors connected to the BDU
for the purpose of tracking thermal performance.

3.1.2.1.5.6 Telemetry Outputs

[1] The format, function, and timing of the various telemetry words for the EM components are
listed in an appendix to the nxpeetive perfomxmce spectilcation of each component.

3.1.2.1.5.7 Command Inputs

[1] The format, function, and timing of the various commands for EM components are listed in
an appendix to the respective performance specification of each component.
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Figure 8. Master Oscillator Connections to the CTIU, SBT and DAS & KSA Modulators

3.1.2.1.6 External Signal Interfaces

3.1.2.1.6.1 Solar Array Drive (SAD) Intefice

[1] The electrical intetiaces between the ADE in the Comm/C&DH EM and the Solar Array
Drive (SAD) shall be as &fmed in the ADE Performance Spectilcation (1%20008602) and
on the ADE intetiace control drawing (ICD20008602).

[2] The electrical intetiace shall conform to the RS-422 requirements of the GIS, 1S20008501.

Connections between the Comrn/C&DH EM and the SAD arc shown in Figure 9.

3.1.2.1.6.2 Attitude Control Electronics (ACE) Interface

[1] The electrical interfaces between the ADE in the Comrn/C&DH EM and the Attitude Control
Electronics (ACE) shall be as defined in the ADE Performance Specification (PS20008602)
and on the ADE intetiace control drawing (ICD20008602).

[2] The electrical interface shall conform to the RS-422 requirements of the GIS, 1S20008501.

Connections between the Comrn/C&DH EM and the ACE are shown in Figure 9.

3.1.2.1.6.3 Solid State Recorder (SSR) Interface

[1] The electrical interfaces between the CTIU in the Comrn/C&DH EM and the Solid State
Recorders (SSRS) shall be as defined in the CTIU Performance Spectilcation,PS20008569.
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F@ure 9. SAD and ACE Interfaces

[2] The cross-strapped bidirectional data interfaces shown in Figures 10 shall be provided for
the transfer of serial digital data between the CITUs and the SSR data control units (DCUS).

[3] The electrical interface shall conform to the RS-422 requirements of the GIS, 1S20008501.

The telemetry data me into the SSR is 16 kbps with a playback rate to the CTIU of 256 or 512 kbps.

3.1.2.1.6.4 Omni Antenna Interface

[1] The SBIU shall interface with the S-band ornni antennas as spec~led in S-band Interface
Unit Performance Speci.tlcation, PS20008586.

[2] The connectors to both onmi antennas shalJ be SMA female.

[3] The maximum RF power level at the ornni antenna interfaces shall be less than 5 watts.

3.1.2.1.6.5 High Gain Antenna Interface

[1] The SBIU shall interface with the High Gain Antennas as spectiled in S–band IntexfaceUnit
Performance Specitlcation, PS20008586.

[2] The S-band Interface Unit (SBILJ)intetiace to the HGA shall be via two cables, one for right
hand circular polarization (RHCP) and one for left hand circular polarization (LHCP).
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Figure 10. SSR Interface Comections

[3] Both the RHCP and the LHCP connectors shall be SMA female.

[4] The maximum RF power level at these interfaces shall be less than 5 watts.

3.1.2.1.6.6 Bus Data Unit (BDU) Interfaces

[1] The interface between the CI’IU and the BDUSshall be as defined in the CTIU Performance
Specification, PS20008569.

[2] Discrete xelay commands between the CITU and all Spacecraft BDUS shall be as defined in
the CTIU Performance Spectilcation, PS20008569.

[3] The CTIU shall provide telemetry intetiaces to the Cornrn/C&DH EM BDU as defined in
the CTIU Performance Specification, PS20008569.

[4] Cross-strapping shall be implemented so that either CTIU can provide relay commands to
all BDUS on the Spacecraft-
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Discrete command connections between the CI’IU and the BDUS are shown in Figure 11.

3.1.2.1.6.7 Master Oscillator (MO) External Interfaces

[1] The interface between the Master Oscillator and the Direct Access Subsystem (DAS)
modulator shall be as defined in the DAS Modulator Petiormance Spedilcation,
PS20008589, and the Master Oscillator Performance SpecKlcation, PS20008543.

[2] The intetiace between the MO and the Ku-band Single Access (KSA) modulator shall be
as defined in the Ku-band Modulator Performance Specillcation, PS20008588, and the
Master Oscillator Performance Specification, PS20008543.

[3] Each MO to modulator interconnection shall consist of a shielded twisted pair.

Each modulator will receive one 4.0 MHz clock as illustrated in Figure 8.

3.1.2.1.6.8 Launch Vehicle (IN) Hardline Interface

[1] The hardline interface between the CTIU and the launch vehicle which allows telemetry data
to be collected during the launchhscent phase shall be in accordance with the CTIU
Performance Specillcation, PS20008569.

[2] The interface shall confoxm to the RS-422 requirements of the GIS, 1S20008501.

3.1.2.1.6.9 T4 Umbilical Telemetry Interface

[1] The hard.lineintetiace between the CTIUand the T-Oumbi.lical which allows telemetry data
to be collected during the prelaunch phase shall be in accordance with the CTIUPerformance
SpecKlcation, PS20008569.

[2] The hardline telemetry interface connection shall consist of shielded twisted pair cables.

[3] The interface shall conform to the RS-422 requirements of the GIS, 1S20008501.

36, I
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A
4 I

I

[ I
I
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!
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/ >
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Figure 11. CTIU Discrete Command Connections
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3.L2.1.6.1O T-OUmbilical Coremand Interface

[1] The hardline interface between the S-band transponder and the ground support equipment
(GSE) via the launch vehicle umbilical for pre-launch command capability shall be in
accordance with the SBT Performance SpecKlcation, PS20008584, and the Spacecraft to
Launch Vehicle Interface Requirements Document, 1S20008503.

[2] The hardline command interface connection shall consist of shielded twisted pair cables.

[3] The interface shall conform to the RS-422 requirements of the GIS, 1S20008501.

The command rate is 2 kbps on a 16 kHz subcarrier.

3.1.2.2 Mechanical Interface

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

The Comm/C&DH EM structure shall comply with the requirements of the SMS
Performance Specification, PS20001415, regarding coordinate systems, physical
characteristics, design and construction, mounting, positioning, mw.hanisms, dynamic
characteristics, structural criteria, and tooling.

The facesheet and core thickness shall be sized to provide adequate stiffness to meet the
minimum frequency mqutiment of Section 3.2.2.8.

The honeycomb core of the Com.m/C&DH EM shall shall be densified locally as required
to provide adequate strength for component fasteners. The criteria for adequate strength
shall be that no component internal to the EM experiences accelerations during testing that
are mom than 1.25 times those defmcd in the Predicted Limit Loads figure of the General
Intetiace Speciilcation (GM), IS20008501.

The Com.mK&.DHEM shall be mounted to the Spacecraft primary structure via one 3-axis,
one 2-axis, and two single axis kinematic mounts.

A connector bracket on the +2 panel shall provide electrical interface to the Spacecraft bus,
and shall be located to facilitate I&T access.

The equipment module shall be designed so it can be independently assembled, tested,
attached or detached from the EOS-AM Spacecraft structure without requiring disassembly
of thermal control subsystem hardware.

Access to the module components at the Spacecraft level of assembly shall be possible by
removal of the -Y panel.

Removal of the –Y panel shall not require the,removal of any other Spacecraft equipment.

3.1.2.3 Thermal Interface

[1] All thermal control hardware (heaters, MLI, etc.) in the Comm/C&DH Equipment Module
shall meet the thermal control hardware requirements of the GIS, 1S20008501, Section 5,
Thermal Interfaces.

[2] The Flight Hardware Component Characteristics shall be as specificdin the Thermal Control
Subsystem (TCS) Performance Specification, PS20008549.

[3-J The Comrn/C&DH EM shall acquire, spread, and reject component heat to the external
Space sink as necessary to maintain the temperature at each component interface to levels
below the maximum limits specifkd in the Temperature Requirements table in Section 5 of
the GIS, 1S20008501.
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[4] The heater control electronics (HCE2), using heatm and thermistors in the Cornrn/C&DH
EM, shall maintain the temperature at each component interface to levels above the
minimum limits specified in the Temperature Requirements table in Section 5 of the GIS,
1S20008501.

[5] The Comrn/C&DH EM shall be designed to ensure that the baseplate temperature variation
of the prime and redundant MO shall not exceed 10”C per orbit during normal operations.

[6] Heat dissipating components shall meet the EM/Component Conductive Interface
requirements in the GIS, 1S20008501, Section 5.

[7] Temperatum Sensing Assemblies shall be connected to the BDU for tracking thermal
con~tions on the Comm/C&DH EM.

3.13 Major Component List

The major components of the COWC&DH Equipment Module shall be as listed in Table III.

Table III. C&DEUCOMM Module Components

Subsystem Component Part Number

C&DH Bus Data Unit (BDU) 20008568
Command5elemetry Interface Unit (CTIU) (2) 20008569
Spacecraft Controls Computer (SCC) (2) 20008570

Communications Master Oscillator (MO) (2) 20008543
S-band Transponder (SBT) (includes the

Band Reject Filter (BRF)) (2) 20008584
S-band Interface Unit (SBIU) 20008586

Power Array Drive Electronics (ADE) 20008602
Fuse Distribution Box (FDB) 20008694G1

Thermal Heater Control Electronics (9) 20008785
C&DH/Comm Module Thermal Blanket 20008675
Temperature Sensor (24) 20008790
Temperature Sensing Assembly (8) 20008791
Heaters (18) 20008788

Electrical Accom- C&DH/Comm Module Harness Installation 20038241
modations

Structures and Secondary Structure 20008891
Mechanisms Access Panel -Y 20008892

Radiator Panel Assembly -Z 20008893
Radiator Panel Assembly +Y 20008894
Kinematic Mount (4) 20001400
Base Panel +2 20008895
End Panel +X, -X 200088%
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3.2 Characteristics

3.2.1 Performance

3.2.1.1 Command Reception and Distribution

The Equipment Module shall conform to all of the command reception and distribution
requirements as detailed in section 3.2.1.1 of the Command and Data Handling (C&DH) Subsystem
Performance Specification, PS20008567.

3.2.1.2 Telemetry Collectio@ Formatting and D@nbution

The ~uipment Module shall conform to all of the telemetry collection, formatting and distribution
requirements as detailed in section 3.2.1.2 of the Command and Data Handling (C&DH) Subsystem
Performance Speci.tlcation, PS20008567.

3.2.1.3 Ancillary Data

The Equipment Module shall conform to all of the ancilkuy data requirements as detailed in
section 3.2.1.3 of the Command and Data Handling (C&DH) Subsystem Performance
Speci.tlcation, PS20008567.

3.2.1.4 Bus Utilization

The Equipment Module shall conform to all of the bus utilization rcquimments as detailed in section
3.2.1.6 of the Command and Data Handling (C&DH) Subsystem Performance SpecKlcation,
PS20008567.

3.2.1.5 EM Computing Resources

The Equipment Module shall conform to all of the computing resources requirements as detailed
in section 3.2.1.7 of the Command and Data Handling (C&DH) Subsystem Performance
Specification, PS20008567.

3.2.1.6 Tlrne Distribution and Synchronization Services

The Equipment Module shall conform to all of the time distribution and synchronization
requirements as detailed in section 3.2.1.8 of the Command and Data Handling (C&DH) Subsystem
Pefiormance Speeifkation, PS20008567, and section 3.2.1.3 of the Communications
(COMS) Performance Specification, PS20008580.

3.2.1.7 Science Data Handling

Subsystem

The Equipment Module shall conform to all of the science data handling requirements pertaining
to the CTIU as detailed in section 3.2.1.8 of the Command and Data Handling (C&DH) Subsystem
Performance SpecKlcation, PS20008567.
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3.2.1.8 Solar Array Drive Control

[1] The Comm/C&DH EM shall receive commands on the Command and Telemetry Bus and
signals from the Coarse Sun Sensor (CSS) and Attitude Conqol Electronics (ACE).

[2] The Aray Drive Electronics (ADE) within the Comm/C&DH EM shall generate the comet
control signals to drive the Solar Array Drive as detailed in the ADE Performance
Specification, PS20008602.

3.2.1.9 Communications Requirements

3.2.1.9.1 S-band Command Reception

[1] The Equipment Module shall conform to all of S-band command reception requirements as
detailed in sections 3.2.1.1,3.2.1.4,3.2.1.5 and 3.2.1.8 of the Communications Subsystem
(COMS) Performance Specification, PS20008580.

[2] The Equipment Module shall be configwed such that there will be no switches in the
command path between any of the antennas and the S-band transponders.

[3] Receive signals shall be routed such that both tmnsponders can receive commands from any
of the four antenna ports simultaneously.

3.2.1.9.1.1 Command Threshold

The Equipment Module shall have a command threshold at or below the values of RF input power
(referenced to the S-band Transponder input interface) listed in S-band TkansponderPerformance
!i@ecflcation, PS20008584, llMe IV. The command theshold is defined as the RF input power
level at which the error rate of the data out of the S-band Transponder equals 1 x 1(P5 per bit.

3.2.1.9.2 S-band Telemetry Transmission

[1] The Equipment Module shall conform to all of S-band teleme~ transmission requirements
as detailed in sections 3.2.1 .1,3.2.1.4,3.2.1.5 and 3.2.1.8 of the Communications Subsystem
(COMS) Performance Specii7cation, PS20008580.

[2] The Equipment Module S-band output power,level shall be greater than 33.5 dBm.

[3] The Equipment Module shall have the capability of routing signals from either of the two
S–band transponders to any of the four RF transmission ports (zenith omni, nadir omni,
HGA LHCP, HGA RHCP).

[4] It shall be possible to transmit from both transponders via different antennas simultaneously.

3.2.1.10 Navigation and Tracking

The Equipment Module shall conform to all of navigation and tracking support requirements as
detailed in section 3.2.1.2 of the Communications Subsystem (COMS) Performance Spectlcation,
PS20008580, and section 3.2.1.8 of the Command and Data Handling (C&DH) Subsystem
Performance Speci.tlcation, PS20008567.
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3.2.2.1 Mass

The mass of the COWC&DH Equipment module shall not exceed 310 lbs.

3.2.2.2 Power Consumption and Thermal Dissipation

The one-orbit average power consumption and thermal dissipation of the CommlC&DH EM for the
different EOS-AM Spacecraft operating modes shall not exceed the values in Table IV.

3.2.2.3 Dimension

The dimensions of the COWC&DH Equipment module shall not exceed the maximum
dimensions given below, including comeetors, as defined in assembly drawing 20008745:

Length (X) 52.5 inches
Width (Y) 70.65 inches
Height (Z) 37.5 inches.

3.2.2.4 ‘Ikansport and Storage

[1] Accommodations for tie-downs, pallets, packaging, and containers necessary for transport
and storage of the Comm/C&DH EM shall be ma& to ease handling by, and interaction with,
Ground Support Equipment (GSE).

[2] The proper orientation for placing items in storage or transportation containem shall be
obvious by design or marking.

[3] The Comm/C&DH EM shall provide lift points capable of suppcxting the EM and any
accompanying GSE under handling loads of 2g vertical (per MIIAYID-1367A).

[4] When four or more lift points are provided, a combination of any three lift points shall be
capable of lifting the entire load.

[5] Lift points for the Comrn/C&DH EM shall be chosen such that their use does not hamper
the installation of the EM on the spacecraft structure.

3.2.2.5 Integration and Test

[1] The S-band Transponder shall accept hardline eomrnands fkom the GSE via the T-O
umbilical as specifkd in the S-band Transponder Performance Specification, PS20008584.

[2] The CTTUshall provide prelaunch telemetry via a hardline link through the T-O umbilical
as specifkd in the CTIU Performance SpecKlcation, PS20008569.

[3] The Comm/C&DH EM shall supply test points via the interface connector for inputs to and
outputs fkom both CI’’fUs.

[4] Command and housekeeping telemeby capabilities shall be available both with and without
RF links.
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Table IV. Power Consumption and Thermal Dissipation watts]

Component Ground Standby Delt&v ScienceMode Survival SafeModd51
Teat and Mode Mode ~[31 Moddll
Launch/ ~[41 Nomi- ~[1] Mjn

Ascent[ll ~][x

POWER CONSUMPTION:

Scc #l 17 17 17 17 17 17 17 17 17

Scc X2 o 17[s] 0[6] d6] ()[6] @6] ()[6] 0[6] ()[6]

SBT #1 71.5 24.2 24.2 28.1 24.2 20.4 71.5 71.5 24.2

SBT #2 16.5 16.5 16.5 16.5 16.5 16.5 16.5 16.5 16.5

SBIU o 0 0 0 0 0 0 0 0

cm #1 34.3 34.3 34.3 34.3 34.3 34.3 34.3 34.3 34.3

cm #2 27.9 27.9 27.9 27.9 27.9 27.9 27.9 27.9 27.9

BRF o 0 0 0 0 0 0 0 0

ADE 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2

BDU 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2

HCES 7.5 7.5 7.5 7.5 2.5 2.5 7.5 7.5 2.5

Heaters o 0 16 14.2 0 0 0 0
(TB;-1) TBR-1 TBR-1 TBR-1 TBR-1 TBR-1 TBR-1 TBR-1 TBR-1

Total EM 193.1 162.8 I 145.8 165.7 155.0 142 193.1 193.1 145.8

THERMAL DISSIPATION:

Scc #l 17 17 17 17 17 17 17 17 17

Scc #2 o 17[6] 0[6] d6] 0[6] (j6] ()(6] 0[6] 0[6]

SBT #1 66 23.1 23.1 26.4 23.1 19.8 66 66 23.1

SBT #2 16.5 16.5 16.5 165 16.5 16.5 16.5 16.5 16.5

SBIU 1 1 1 1 1 1 1 1 1

CTIU #l 34.3 34.3 34.3 34.3 34.3 34.3 34.3 34.3 34.3

cm #2 27.9 27.9 27.9 27.9 27.9 27.9 27.9 27.9 27.9

BRF 0.44 0.44 0.09 0.13 0.09 0.04 044 0.44 0.09

ADE 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1

BDU 8.3 8.3 8.3 8.3 8.3 8.3 8.3 8.3 8.3

HCES 7.5 7.5 7.5 7.5 2.5 25 7.5 7.5 2.5

Heaters o 0 0 16 14.2 0 0 0 0
TBR-1 TBR-1 TBR-1 TBR-1 TBR-1 TBR-1 TBR-1 TBR-1 TBR-1

Total EM: 185.0 I 159.1 141.8 161.1 151.0 133.4 185.0 185.0 136.8

(1) Both SBTSreceive, SBT#l txsnsmits continuously. (2) SBT#l 20% transmit duty cycle, both SBTSreceive continuously

(3) SBTI 10% xmit duty (one missed TDRSS contact) (4) SBT#l 30% trensmit duty cycle, both SBTSreceive continuously
1

(5) For the Comm/GkDH EM, ssfe mode level Osafe mode is the maximum power case and level 8 is the minimum power csse.

(6) SCC #2 is nornidly iu cold standby, but both SCCS may be operational for several orbits while SCC#2 is in hot standby in
preparation for switching control from SCC #1 to SCC#2. Both SCCS will be powered during checkoutin aandbymode.
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[5] The Comm/C&DHEM design shall ensure that access to the intexfaceconnectors sufficient
to preclude the need for blind-mate connectors during installation of the EM on the
Spacecraft COE.

[6] Ground cooling during ambient tests of the EM shall be accomplished by (TBD-1).

[7] Items which for safety reasons may rq.dre rapid pre-launch maintenance shall be readily
accessible.

[8] Items requiring frequent access during I&T orotherprelaunch operations shall be accessible.

3.2.2.6 Layout

[1]

[2]

[3]

[4]

[5]

[6]

[7]

To the extent practical, fuses for the Comm/C&DH EM shall be located such that it is
possible to replace or view any fuse without requiring any disassembly of the EM.

To the extent pmctical, the layout of components within the Comrn/C&DH EM shall ensure
that any component contained in the EM can be removed without having to remove any other
component.

Component spacings shall provide adequate clearance for harness runs.

All flight equipment which would require maintenance during a storage period of 5 years
or less shall be accessible when the Spacecraft is in its stored conilgumtion.

All Spacecraft components which are fragile orothenvise susceptible to damage shall, where
practical, be guarded or located so as to reduce this susceptibility.

Sensitive adjustment controls and actuators shall be located or guarded to protect them from
inadvertent perturbation.

Component labeling shall be visible when the component is installed in the parent assembly
or stowed. Labels shall be installed such that they ~ readable by the unaided human eye.

3.2.2.7 Configuration

[1] The Equipment Module shall conform to assembly drawing 20008745.

[2] The assembly drawing shall define the following parameters:

a. Physical size

b. Mounting requirements and interfaces

c. External finishes

d. Electrical connector locations and sizes

e. Connectors reference designatcnx

f. Method of identiflcat.ion

3.2.2.8 Natural Frequency

The natural frequency of the Comm/C&DH EM shall be no less than 40 Hz when measured at the
base of the EM’s kinematic mounts.
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3.23 Reliabfity

The probability of mission success (PS) is allocated to the individual subsystems and their
components. This information may be found in the applicable performance specKlcations.

3.2.4 Durability

The Comm/C&DH EM shall operate as specif3ed hexein for at least a five-year operational life.

3.2.5 Maintainability

[1] The COMM/C&DH EM shall be designed so that no regular maintenance will be required.

[2] Removable dust covers or other protective devices shall be provided over electrical
connectors.

3.2.6 Environmental Conditions

3.2.6.1 General

[1] The Comm/C&DH EM shall meet the performance requirements specifkd herein during
and after exposure to the natural and induced environment conditions defined in the GIS,
1S20008501, Section 6.

[2] The ComnUC&DH EM shall remain undamaged during and immediately following
exposure to the Protoflight environmental test levels cormponding to the pre-launch,
launchhscent, and on-orbit environments defined in the Veri.fkation SpecKlcation,
1S20005404.

[3] The Comm/C&.DH EM shall meet the performance specflcations spectiled herein after
exposure to the test, launch, and mission orbit environments specified in the GIS,
1S20008501, Section 6.

3.2.6.2 Sine Vibration

[1] The Comm/C&DH EM shall remain undamaged during and following exposure to the sine
vibration tests defined in the appendix to the Structures and Mechanisms Subsystem
Performance Speci13cation,PS20001 415.

[2] The Comrn/C&DH EM structure shall ensure that no component internal to the EM
experiences accelerations greater than 1.25 times those defined in the Predicted Limit Loads
figure of the General Interface Spectilcation (GIS), 1S20008501 when the EM experiences
the test levels defined above.

3.2.6.3 Contamination

[1] The EM shall comply with the requirements of the Contamination Control Plan,
PN20001412.

3.2.7 Transportability

[1] The Comm/C&DH EM shall be capable of being transported by surface vehicle or aircraft.
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3.3

[1]

[2]

[3]

[4]

[5]

3.3.1
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The shipping environment shall be controlled so as to be less severe than the spectiled
operating environment.

Design and Construction

The Comrn/C&DH EM design shall be such that it can be independently assemble~ tested,
and attached to or detached from the EOS-AM Spacecraft structwe.

The Comm/C&DH EM design shall preclude improper installation to the Spacecraft, where
practical.

All electrical connectors shall be selected, sized, keyed, amlor marked such that incorrect
attachment to the mating connector is prevented.

All connectors shall attach such that the connectors cannot be inadvertently unlocked during
ground operations.

The EM design shall comply with the Design and Construction requfiments spectiled in the
GIS, 1S20008501, for General requirements, Identification and Marking except for the
Content paragraph, Finishes, Venting, Interchangeability, and Drawing Terms and
Tolerances.

Materi~ Parts, and Processes

All materials, parts, and processes usedin the design and construction of the Comrn/C&DH EM shall
be selected and controlled in accordance with the requirements for Tooling in section 4 of the GIS,
1S20008501.

3.32

[1]

[2]

[3]

3.303

[1]

[2]

[3]

3.3.4

[1]

Electric ~lelds

Components shall meet the electric field emissions nxpirements in the Equipment Radiated
Emissions (RE02, REO1/RE04) section of the Equipment EMI Requirements in the EMC
Control Plan, PN20005869.

Components shall meet the requirements of the Radiated Susceptibility (RS03) Electric
Fields section and the

Radiated Susceptibility On-Orbit Environment section of the Equipment EMI
Requirements in the EMC Control Plan, PN20005869.

Magnetic Fields

Components shall meet the magnetic field emission and

magnetic properties requirements in the Equipment Radiated Emissions and Equipment
Radiated Properties ~tions respectively of the Equipment EMI Requirements in the EMC
Control Plan, PN20005869.

Components shall meet the requirements of the radiated Susceptibility (RSO1) Magnetic
Fields section of the Equipment EMIRequirements in the EMC Control Plan, PN20005869.

Nameplates and Product Marking

The Comm/C&DH EM shall be marked for identiilcation in accordance with the
Identification Marking Standard, S32534, Rev E, and ICD20008745.
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[3]

[4]

[5]

[6]

[7]

[8]

30305

c

Conspicuous markings or labels shall be affixed to the Comm/C&DH EM components.

The identification shall contain, as a minimum, the following

a. Astro Space Part Number

b. “Comm/C&DH Equipment Module”

c. Revision Level

d. Date of Manufacture

e. Contract Number

Applicable date-sensitive information shall be identiled.

Hardw= or equipment which is not suitable for use in fligh~ and which could be
acci&ntally substituted for flight or flight spare hardware, shall be plainly marked and
identitled to indicate this status.

All test points, adjustment devices, and alignment points shall be labeled for positive
identilcation.

Wires and cables for hardware shall not be identiled by hot stamping directly onto primary
or secondary (shield) insulation.

The proper orientation for placing items in storage or transportation containers shall be
obvious by design or marking.

Workmanship

The construction and assembly of the COMM/C&DH EM shall be in accordance with the
workmanship requirements as specifkd in NHB 5300.4 (3A-1, 3G through 3K).

3.3.6

[1]

[2]

[3]

[4]

[5]

[6]

[7]

Safety

The Comm/C&DH EM design shall meet the factors of safety presented in section 4.0 of the
GIS, 1S20008501.

Where practical, hazards shall be eliminated or removed through design measures.

Hazards which cannot be eliminated orremoved shall, where practical, be prevented through
incorporation and use of safety devices or features.

Remaining hazards shall be controlled using warning devices and/or special procedures.

Automated detection and safing of hazards which may cause personnel injury or loss of the
Spacecraft shall be independent of those subsystems being monitored.

Where practical, the detection and sating of lesser hazards shall also follow this practice.

Design decisions shall accommodate compliance with safety requirements spec~led in this
document befo~ accommodating any other considerations (e.g., COSL schedule,
performance).
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33.7 Human PerformancdliIuman Engineering

The ComrrdC&DH EM shall comply with the human engineering criteria of MIL-STD-1472.

3.4 Documentation

Documentation shall be in accordance with the Data Requirements list of the EOS-AM Spacecraft
Statement of Work (SOW), contract number NAS5-32500.

3.4.1 Speeifieations

All parent and component specs associated with this spec are shown in the EOS-AM Spacecraft
Spedlcation Tree, 20008536.

3.42 Drawings

[1] The Comrn/C&DH EM shall be defined by prepared drawings.

[2] Drawing 20008745 shall define and control the physical parameters of the EM.

[3] Drawing 20038241 shall define and describe the EM harness.

3.43 Test Plans and Procedures

Detailed qualMcation and acceptance test plans and procedures shall be prepared.

3.5 Precedence

In the event of conflicting requirements between the documents refenmced herein and the content
of this document, the following descending order of precedence shall be used in resolution of the
conflict:

a.

b.

c.

d.

e.

f.

&

h.

Requirements Document (RD) for the EOS-AM Spacecraft, GSFC 421–lU1

Performance Assurance Requirements for the EOS Observatories (PAR)

Unique Instrument Interface Documents (UIIDS)

The General Instrument Interface Specification (GIIS), GSFC 420-03-02

Contract End Item (CEI) Specification for the EOS-AM Spacecraft, PS20005396

External Intaface Control Documents(ICD’s) (e.g., EOS to Launch Vehicle, EOS to
TDRSS, etc.)

Subsystem and Major Assembly Specflcations (including this spectilcation)

Component SpecKlcations.
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4 QUALITY ASSURANCE PROVISIONS

This section outlines the requhements and structwe of a quality assurance program for the
COWC&DH Equipment Module. The purpose of the program is to demonstrate that the design
of the Equipment Module and its components meets the performance requirements, has been
manufactured properly, and will operate as designed in association with all other EOS-AM
Spacecraft interfaces. The Performance Assurance Implementation Plan (PAIP), PN20005397,
documents the overall quality assurance approach for the EOS-AM Spacecraft. The speeiilcs of the
performance verification process are documented in the Veri.f3cationPlan, PN20005404.

4.1 General

Each of the requirements of Section 3 of this specification shall be verilled by performance of
inspection, analysis, demonstration, or test of the COWC&DH Equipment Module as delineated.
Test methods and measurements shall be compliant with all requirements spe@i.fkdherein.

4.1.1 Responsibility for Trots

Unless othenvise specilled herein, or in the Statement of Work, acceptance and quaMcation testing
shall be performed by Martin Marietta Astro Space (Astro Space).

4.12 Special Tests and Examinations

***Not Applicable***

4.1.3 Reliability Test

***Not Applicable***

4.1.4 Engineering Evaluation and Test

***Not Applicable***

4.1.5 Protoflight Test

Protoflight tests, combined with the other verillcation metkis of Attachment A, shall verify that

the flight hardware design meets the technical requirements of Section 3 of this equipment module

spectilcation to assure operational suitability in the defined environments. Protoflight test hardware
shall be used for qualification testing and shall be identical in configuration and production
processing to flight hardware.

Protoflight tests, where specKled, shall consist of qual~lcation level exposure of the fmt flight
article for acceptance level durations (time and/or cycles).

Protoflight tests shall be pexforrned under strict control of environments and test proctxhm?s.
Adjustments or tuning of Protoflight test hardware is not permitted throughout the entire test
program. The requirements of Section 3 to be verifkd prior to, during, or after each environment
shall be as specifkxl in PN20008745.
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4.1.6 Installation Test and Checkout

Installation testing and checkout such as continuity checking, interface mating, support equipment
compatibility, and documentation vtilcation shall be done in accordance with the GIS,
1S20008501, and the COWC&DH Equipment Module Test Plan, PN20008745. The
COWC&DH Equipment Module integration and test flow is shown in Figure 12.

4.1.6.1 Electrical Integration and Checkout (EIC)

An EIC shall be performed to ver@ the proper input and grounding of power, commands, and
signals prior to mating of flight hardware. The EIC shall also verify proper response to power,
commands, and signal upon initial integration of flight hardware. The COM.M/C&DH EM
components shall be integrated with the panel in the following order

1.

2.

3.

4.

COMM/C&DH EM Harness

Fuse and Distribution Board

Comman&Telemetry Interface Unit “A”

Command/Telemet.ty Interface Unit “B”

* COMM/C&DH EM StructuresStrengthTested

1’
COMM/C&DHEMStructures*

ThermalCmtrolHardware hsemble EkcUical Functional
Kinematic Mounts Equipment - Integration ~ ,

Test
Test Fixture Mdule &

com~ents —
Harness —

EM STE EM STE

Handling Fixture —

I h 4

Praoflight
comprehensive Sine Sweep Acceptance Comprehensive

Pafoxmance
~

Vibration
~ Accoustic performance

Test Each of 3 axes Exuosum Test

EM STE EM STE EM STE
EM STE

Workmanship Comprehensive
-9 ~ , Perfcxmanc4! ~ ~J“@#es ~

Cvcle Test

EMSTE EMSTE
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5. Bus Data Unit

6. Heater Control Electronics, Heaters and Sensors

7. Amy Drive Electronics

8. Spacecraft Controls Computer “A”

9. Spacecraft Controls Computer “B”

10. Master Oscillator “A”

11. Master Oscillator “B”

12. S-band Transponder “A”

13. S-band ‘llansponder “B”

14. Band Reject Filter “A”

15. Band Reject Filter “B”

16. S-band Interface Unit

4.1.6.2 Functional Test (FT)

A functional test of the COMM/C&DH Equipment Module shall be performed to test command and
data paths between components and to exercise prime and redundant hardware.

4.1.63 Comprehensive Performance Test (CPT)

A (IT shall be performed to verify that the COMM/C&DH Equipment Module meets the
performance requirements in all operational and contingency modes, as well as verifying all
command and data paths and all redundant hardware.

4.1.6.4 Interface Verification Test

An NT shall be performed to verify the proper Equipment Module interfaces to the Spacecraft Bus.

It vetiles all power, ground, and signal connectors are properly mated and that there is signal

presence on the proper comectors.

4.1.7 Formal Test Verification

Formal veri.tlcat.ionof the performance requirements of the COMMKMDH Equipment Module are
in the Veri.ilcationMatrix, Attachment A. The Vefilcation Matrix identiles the verification method
as spcc~led herein and the level at which tests are conducted. The COMM/C&DH Equipment
Module shall be tested according to the COMM/C&DH EM Test Plan, PN20008745.

4.2 Quality Conformance Inspections

The COMML3CDH Equipment Module shall beexposedtoverification conditions which represent
those environments encountered throughout the ground phase and flight mission. The
environmental conditions and levels of exposure are defined in the VerWcation Specillcation for the
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Earth Obsming System (VRD-11O), PS2(X)05404,Section 4. ‘Ihxe are four methods which may
be used individually or in combination to verify each requirements in Section 3. These methods,
defined as inspection(I), analysis(A), demonstration (D), and test (T) are defined in the VerMcation
SpecKlcation for the Earth Observing System (VRD-11O), PS20005404, Section 4.

4.2.1 Method of Verification

4.2.1.1 Inspection

Inspection may be used to verify design and construction requirements, drawing compliance, or

specific physical dimensions of the equipment module. Inspection is a method of veritlcation of

physical characteristics that determines compliance without the use special laboratory equipment,

procedures, test support items, or services. Inspection uses standard methods such as visual gauges,

etc., to verify compliance with requtiments. Inspection also includes the review of design

documents, material lists, code, plans, etc., to verify that requirements have been met.

4.2.1.2 Analysis

Analytical techniques may be used, in lieu of testing, to verify compliance tospecifkdrequirements,
either alone or in combination with test. The selected techniques may include, typically, system
engineering analysis, statistics, qualitative analysis, analog modeling, and computer simulation.

4.2.1.3 Demonstration

Demonstmtion is a qualitative method of veriilcation that evaluates the properties of the subject
equipment by obsemation. Demonstration is used with or without special test equipment or
instrumentation to verify required characteristics such as operational functioning human
engineering featwes, service and access features, transportability, and displayed data.

4.2.1.4 Test

Test is a quantitative method of vetilcation wherein performance requirements are veri.iled by

measurement during and after the controlled application of functional and environmental stimuli.

These measurements may require the use of laboratory equipment, recorded data, procedures, test
suppcm items, or semices.

4.2.1.5 Classification of Characteristics

Classii3cation of characteristics as critical, major or minor shall be as defined in MIL-STD-109.

4.2.1.6 Test Equipment

[1] Existing test equipment shall be used whenmer practical.

[2] Whe~ new test equipment is required to test units which w physically or functionally

identical or similar, the equipment shall be designed to perform its task(s) on each element

of that group, where practical.

DCC080593



Ps20008745
OSAugust 1993

=

4.2.1.6.1 Test Equipment Safety Features

[1] Test equipment shall incorporate any safety interlocks or other safety feature necessaxy to
reduce the introduction of safety hazards by the test equipment.

[2] Any safety feature included in any Spacecraft test equipment shall give a visual, auditory,
or electronic indication of activation when it is activated.

4.2.1.6.2 Test Equipment Verification

Unless otherwise specifkd herein, test equipment used to measure Communications or Command
and Data Handling Subsystem performance characteristics shall be capable of demonstrating that

a. it will not impose environments on the tested item(s) beyond the levels called for in the
Verillcation Specii3cation, PS20(K)5404,and

b. it is capable of imposing the test levels called for in the Vefilcation Specification,
PS20005404.

c. it is capable of meeting all the requirements imposed on it by the Ground Support
Equipment Requirements Documen~ 20001430 (GSERD).

4.2.1.62 Test Equipment Calibration

[1] EM Test equipment shall be calibrated in accordance with the Performance Assurance
Implementation Plan, 20005397.
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5 PREPARATION FOR DELIVERY

5.1 General,

Interior and exterior shipping containem shall be marked in accordance with the Identification and
Marking requirements of the General Interface Specification, 1S20008501.
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6 NOTES

6.1 Definitions

None

6.2 Abbreviations and Acronyms

ADE

BCH

BDU

CADU

CCSDS

COMM

Css

C&DH

C&T

DAS

EAS

EM

EOS

EMC

ESD

FARM

FDB

GN

GSE

HCE

HGA

Array Drive Electronics

Bose-Chaudhun-Hmquenghem

Bus Data Unit

Channel Access Data Unit

Consultative Committee for Space Data Systems

Communications

Coarse Sun Sensor

CommancVTelemeUyInterface Unit

Command and Data Handling

Command and Telemetry

Direct Access System

Electrical Accommodations Subsystem

Equipment Module

Earth Obseming System

Electromagnetic Compatibility

Electrical Static Discharge

Frame Acceptance Reporting Mechanism

Fuse Distribution Box

Ground Network

Ground Support Equipment

Heater Control Electronics

High Gain Antenna
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lCD

KSA

LHCP

Mbps

MO

MSFC

NASA

PAML

PAPL

PN

RD

RT

RTS

QPSK

RHCP

SBIU

SBT

Scc
SMS

STDN

TBD

TBR

TBs

TCS

TDRSS

TONS

Vdc

DCC080593

Interface Control Document

Ku-band Single Access

Left Hand Circular Polarization

Megabits Per Second

Megahertz

Master Oscillator

Marshall Space Flight Center

National Aeronautics and Space AdrninistratioII

Program Approved Materials and Process List

Program Approved Parts List

Psuedorandom Noise

Requirements Document

Remote Terminal

Relative Tme Sequence

Quadrature Phase Shift Keying

Right Hand Circular Polarization

S-band Intetiace Unit

S-band Transponder

,Spacecraft Controls Computer

Structures and Mechanisms Subsystem

Spaceflight Tracking and Data Network

To Be Determined

To Be Reviewed

To Be Supplied

Thermal Control Subsystem

Tracking and Data Relay Satellite System

TDRSS Onboard Navigational System

Volts, Direct Cunent
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6if Exceptions to the GIS and GIIS

None. (Nameplates and Product Marking requirements in GIS aR supplemented by paragraph 3.3.4
herein.)

6.4 Requirements Traceability Matrix

Requirements in Section 3 of this specification were derived from the source document,
PS20(X)5396,Contract End Item (CEI) SpecKlcation. Compliance to these mykments are shown
in the Requirements Traceability Matrix, Attachment B, provided under separate cover.
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APPENDKX I

10 ELECTRICAL CONNECTOR CONTACT ASSIGNMENTS

The electrical interface bracket for the Comm/C&DH EM will be as shown in Figure 13. The
electrical connector contact assignments will be as shown in the following table.

Note: The Contact Number assignments are (TBR-2).

Note: The Circuit Categories are (TBD-2).

Connector Designation: CXIJOI Connector Function: Power Input 1

IPart Numbe~ 20034844PJID18N IComeetor ~pe 18 pin
circuihr I

1 Number I I I I
J

1 CFDB A 120V POS-1 PDU CFDB

2 CFDB A 120V RTN-1 CFDB PDU

3 CFDB A 120V POS-2 PDU CFDB

4 CFDB A 120V RTN-2 CFDB PDU

5 CEM FAUET GND A CFDB GND

Conneetor Designation: CXIJ02 Conneetor Function Power Znput

IPart Number: 20034844PJ1D18A
I
Connector me: 18 pin

circular I
I

I Contact I Function Name j Circuit Category I Source /Destination I
I Number I I I Is

1 CFDB B 120V POS-1 PDU CFDB

2 CFDB B 120V R’TN-l CFDB PDU

3 CFDB B 120V POS-2 PDU CFDB

4 CFDB B 120V RTN-2 CFDB PDU

5 CEM FAULT GND B CFDB GND
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rContact
Number

t-

1

2

13

F 4

5

Function Name

SAD POS POT1 +5 VOLT

SAD POS POT1 +5 VOLT
RTN

SAD POS POT1 SIGNAL

S/A DEPLOYED A

S/A DEPLOYED A RTN

6 SAD MOTOR DRIVE A

7 SAD PHASE A RTN A

8 SAD PHASE B RTN A

9 SAD PHASE C RTN A

10 SAD PHASE D RTN A

t
Connector Designation: CXIJ04

IPart Numbe~ 20038047PJ1B35A

Contact Function Name
Number

3 SAD POS POT2 SIGNAL

4 S/A DEPLOYED B

5 S/A DEPLOYED B RTN

6 SAD MOTOR DRIVE B

7 SAD PHASE A RTN B

8 SAD PHASE B RTN B

9 SAD PHASE C RTN B

10 SAD PHASE D RTN B

c

IConnector Function SA Dtive T&n (A)

Connector ~pe: 13 socket
circulhr

Circuit Category Source /Destination

n

SAD I ADE

SAD ADE

ADE SAD

ADE SAD

SAD ADE

SAD ADE

SAD ADE

SAD ADE

1 mm

Connector Function SA Drive T&n (B)

Connector me: 13 socket
cinxdiz.r

Cimuit Category Source /Destination

SAD ADE

ADE SAD

SAD ADE

SAD ADE

ADE SAD

ADE SAD

SAD ADE

SAD ADE

SAD ADE

SAD ADE
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Connector Designation: CXLW5 IConnector Function C&T Bus (A) I
Part Numbe~ 20040889P1 Comector Typw TRIAX (1553)

Pm

Contact~ Cimuit Category Source /Destination
Number

1 CTIUl C&T BUSA C&T BUSA CI1-ul

2 C~2 C&T BuS A C&T Bus A aTu2

3 CBDUA C&T BuS A C&T BuS A CBDUA
STUB 1

4 CBDUB C&T BUS A STUB C&T Bus A CBDUB
I

5 SCC1 C&T BuS A C&T BuS A Sccl

6 SCC2 C&T BuS A C&T Bus A SCC2
I I 1 m,

Comector Designation: CX1J06 Connector Function: LRS-B

Part Number: 20040889P1 Connector me: TMAX (1553)

Contact Function Name circuit category Source /Destination
Number

1 I I I CrIul

Connector Designation CX1J07 Connector Function: MS-A -

Part Number: 20040889P1 Connector me: TRIM (1553)

Contact Function Name Cimuit Category Source /Destination
Number

1 , ,

Connector Designation: CX1J08 IConnector Function: C&T Bus (B) I
Part Number: 20040889PI IConnector Type: TRIAX (1553)

PIN
,

Contact Function Name Circuit Category Source /Destination
Number

1 CTIUI C&T BuS B C&T BuS B CTIul

2 CTIU2 C&T BUS B C&T Bus B CTIU2

3 CBDUA C&T BuS B STUB C&T BuS B CBDUA
1

7

4 CBDUB C&T BuS B STUB C&T BUS B CBDUB
1

5 SCC1 C&T BuS B C&T Bus B Sccl

6 SCC2 C&T BuS B C&T BuS B SCC2
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IConnector Designation CXIJ09 IComector Function: NADZR OMNZ

lPart Numbe~ G3R42 Iconnector ~pe: SMA JACK I
Contact Function Name Cimuit Category Source /Destination
Number

1 SBIU SBAND 1 NADIR SBIU NADIR
OMNI OMNI

Connector Designation CXLUO Connector Function S-BAND RHCP

lPart Numbe~ G3R42 IConnector Type: SMA JACK I
Contact I Function Name ICircuit Category I Source /Destination
Number I

1 SBIU SBAND 1 HGA SBIU HGA RHCP
RHCP PORT PORT

1 1 1 m,

Connector Designation: CXIJII IConnector Functiorc MO1 KSAW CLK 1

IPart Numbe~ 2036501400 IConnector ~pe: SMA RG303 I
~

Contact Function Name Circuit Category Source /Destination
Number

1 MO1 KSAM1 4MHZ (2LK MO1 KSAM1

2 MO1 KSAM1 4MHZ CLK KSAM1 MO1
RTN

I t 11

Connector Designation CXIJ12 Connector Function: LRS-B

Part Nurnbe~ 20040889PI Connector me: TRIAX (1553)

1Contact I Function Name Circuit Category
I

Source /Destination
Number I

I r

1 I I II ClTU2

Connector Designation: CX1J13 Connector Function: LRS-A

Part Number: 20040889P1 Connector ~pe: TRIAX (1553) I
1

Contact Function Name Circuit Category Source /Destination
I Number

I I I

1 I n CTIU2 I
1 1 ,,

Comector Designation: CXlJ14 Connector Function M02 KSAMI CLK

Part Numbe~ 2036501&O0 Connector Type: SMA RG303

Contact Function Name Circuit Category Source /Destination
Number

1 M02 KSAM1 4MHZ CLK M02 KSAM1

2 M02 KSAM1 4MHZ CLK KSAM1 M02
RTN
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Connector Des@atiow CXLU5 Connector Functiom ZENITH OMNI

Part Number: G3R42 Connector W: SMA JACK

- ~Function Name Cimuit Category Source /Destination
Number

1 SBIU SBAND 1 ZENITH SBIU ZENITH
OMNI OMNI

Connector Designation: CXlJ16 Connector Function S-BAND LHCP

Part Number: G3R42 Connector me: SMA JACK

1-Contact
I

Function Name ICimlitcategory I Source /Destination
Number I

1 SBIU SBAND 1 HGA SBIU HGA LHCP
LHCP PORT PORT

Connector Designation: CXIJ17 Connector Function MO1 DASM1 CLK

Part Numbe~ 203&501400 Ic onnector Typw SMA RG303 I
Contact

I
Function Name Circuit Category I Source /Destination

Number I
1 MO1 DASM1 4MHZ CLK MO1 DASM1

2 MO1 DASM1 4MHZ CLK DASM1 MO1
RTN

Connector Des@ation: CXlJ18 Connector Function: lVIEQUENCYl?US (2)

Part Number: ~~3) Connector me: TROMPETER

Contact Function Name Circuit Category Source /Destination
Number

1 II CTlul

1 I II CTIU2

Connector Designation: CX1J19 Connector Function FREQUENCY BUS (1)

Part Number: (TBD-4) IConnector ~pc TROMPETER I

Contact I Function Name I Circuit Catego~ I Source /Destination
Number I I I I

1 Crrul

1 CTru2
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Connector Designation: CXL120 Connector Function: M02 KSMZ2 CLK

Part Numbe~ 2036-501400 Connector T@: SMA RG303

Contact Function Name Ckuit category Source /Destination
Number

1 M02KSAM24MHZ CLK M02 KSAM2

2 M02KSAM24MHZ CLK KSAM2 M02
R~
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Connector Desigmtion: CXU2~

Part Numbe~ 2W42415P105OSA

Contact
Number

4

J

6

Function Name

DCU1 REC A CADUS

DCU1 REC A CADUS
RTN

CI’IU1 PB A CADUS

CTIU1 PB A CADUS RTN

DCU2 REC A CADUS

DCU2 REC A CADUS
RTN

7 CilU2 PB A CADUS

8 CTIU2 PB A CADUS RTN

9 SBT1 HARDLINE CMD

10 SBT1 HARDLINE CMD
RTN

11 SBT1 LOCK OVERRIDE

12 SBT1 LOCK OVERRIDE
RTN

13 CTIUl lK CADUS TO LV

14 CllUl lK CADUS TO LV
RTN

15 CTIU1 HSKP TLM CH 1

16 CTIU1 HSKP TLM CH 1
RTN

17 CTIU1 HSKP TLM CH 2

18 CTIU1 HSKP TLM CH 2
RTN

c

Connector Functiom Link CTZUIto DCU1 and [
DCU2; SBT1 Lock
Ovemide Test; Hardfine
Tlm to UMB

Connector Type: 50 socket
rectangular

b

circuitcategory Source / Destimtion

ml

DCU1

CTlul

DCU1

CTlul

DCU2

CTlul

DCU2

UMB

SBT1

UMB

SBT1

CTrul

LV

Cr’lsJl

LV

CTrul

LV

aDCU1

CTIul

DCU1

=-i

CTrul

DCU2

CTIul

SBT1

UMB

SBT1

UMB

LV

CTru 1

+

LV

CTrul

+

LV

ml
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Number

2

4

J

6

8

9

10

11

12

13

14

15

16

17

18

19

Function Name

CTIU2 ABDU A ON CMD

CTlU2 ABDU A ON CMD
RTN

CTIU2 ABDU A OFF
cm

CTIU2 ABDU A OFF
CMD RTN

CTIU2 ABDU B ON CMD

CTIU2 ABDU B ON CMD
RTN

CTIU2 ABDU B OFF
cm

C’ITU2ABDU B OFF
CMD R~

C’ITU2DBDU A ON CMD

C’ITU2DBDU A ON CME
R~

CTIU2 DBDU A OFF
cm

PS20008745
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Connector Functiom HD CMD (2)

Comector Type 104 socket
rectawuhzr

Circuit Category Source /Destination

CI’IU2

ABDU

CI’IU2

ABDU

cTlu2

ABDU

CTIU2

ABDU

r
m2

DBDU

CTIU2 DBDU A OFF DBDU
CMD RTN

C’ITU2DBDU B ON CMD CTI-U2

CTTU2DBDU B ON CMD DBDU

RTN

CI’IU2 DBDU B OFF CI’IU2
CMD

I

CTIU2 DBDU B OFF DBDU

CMD RTN

CTIU2 EBDU A ON CMD crIu2

CTIU2 EBDU A ON CMD EBDU

RTN

CTIU2 EBDU A OFF CTIU2

cm I I

ABDU

crru2

ABDU

CTIU2

ABDU

cllu2

ABDU

cTlu2

DBDU

crru2

DBDU

C’ITU2

DBDU

CTIU2

i=lDBDU

cTru2

HEBDU

cTru2

EBDU
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Comector Designation CXIJ22

Part Numbe~ 20042415PII04SA

contact
Number

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Function Name

CTIU2 EBDU A OFF
CMD RTN

CTIU2 EBDU B ON CMD

CTIU2 EBDU B ON CMD
RTN

CTIU2EBDU B OFF CMD

CTIU2EBDU B OFF CMD
RTN

CTIU2 GBDU A ON CMD

C’ITU2GBDU A ON CMD
RTN

CTIU2 GBDU A OFF
cm

CTIU2 GBDU A OFF
CMD RTN

CIlU2 GBDU B ON CMD

CI’IU2 GBDU B ON CMD
RTN

CI’IU2 GBDU B OFF
CMD

CTIU2 GBDU B OFF
CMD RTN

CTIU2 NBDU A ON CMII

CTIU2 NBDU A ON CMC
RTN

CTlU2 NBDU A OFF
CMD

CTIU2 NBDU A OFF
CMD RTN

CI’IU2 NBDU B ON CME

c

Connector Function: HD CMD (2)

Connector me: 104 socket
rectangular

Ci@t Category Source /Destination

EBDU

CTIU2

EBDU

CI’IU2

EBDU

crlu2

GBDU

crIu2

GBDU

CI’IU2

GBDU

cllu2

GBDU

cTlu2

NBDU

cTlu2

NBDU

CTIU2
m

CIlU2 NBDU B ON CMD I NBDU
RTN I I

crlu2

EBDU

crlu2

EBDU

crIu2

GBDU

CTIU2

GBDU

CTIU2

GBDU

CTISJ2

GBDU

CTIU2

NBDU

CTIU2aNBDU

cTlu2

NBDU

CTIU2

I
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Connector l)esignation: CX1J22

Part Number: 2W42M51W04SA

Contact
Number

39

40

41

42

43

44

45

46

47

48

49

50

52

53

54

55

56

57

58

Function Name

CI’IU2NBDUB OFF
CMD

CITU2NBDUB OFF
CMDRTN

CTIU2PBDUA ON CMD

CTIU2PBDUA ON CMD
RTN

CTIU2PBDUA OFF CMI

CTlU2 PBDUA OFFCMI
RTN

C’HLJ2PBDUB ON CMD

CITU2PBDUB ON CMD
R~

CI’IU2PBDU B OFF CMI

C1’IU2PBDU B OFF CMI
RTN

C1’IU2RBDUA ON CIVIC

CIlU2 RBDUA ON CMD
RTN

CTIU2RBDU A OFF
CMD

CTIU2RBDU A OFF
CMDRTN

CTIU2RBDUB ON CMD

CTIU2RBDU B ON CMD
RTN

CTIU2RBDU B OFF
CMD

CTIU2RBDU B OFF
CMDRTN

CTIU2 UBDUA ON CMD

CTlU2 UBDUA ON CMD
RTN

=

Connector Function HD (M4D (2) I
Connector Type: 104 socket

rectangular 1

circuit category
I

Source /Destination

crIu2

NBDU

crru2

PBDU

CTIU2

PBDU

CTIU2

PBDU

CI’ISJ2

PBDU

CTIU2

RBDU

CI’I-U2

RBDU

crru2

RBDU

cI’’rtJ2

RBDU

CTI-U2

UBDU

=1NBDU

cllu2

+

PBDU

cllu2

-

PBDU

CTIU2

-

PBDU

CI’IU2

-

PBDU

erIu2

-

RBDU

CI’IU2

T
-=--laRBDU

crTu2

--i

RBDU

-

UBDU

crxu2
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Connector Designation: CXLJ22 IConnector FunctioIx HD CfkfD(2) I

Part Number: 2W42M5PH04SA IComector Type: 104 socket
rectangular

Contact
Number

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

Function Name~ Circuit Category Source /Destination

CTIU2UBDUA OFF CI’IU2
CMD

CTIU2UBDUA OFF UBDU
(MD RTN

CTIU2UBDUB ON CMD CTIU2

CTIU2UBDUB ON CMD UBDU
RTN

CITU2UBDUB OFF CTIU2
CMD

CHU2 UBDUB OFF UBDU
CMDRTN

CTIU2UBDUA ON CMD cTnJ2

CTIU2 UBDUA ON CMD UBDU
RTN

CTIU2UBDUA OFF crJsJ2
CMD

CTIU2UBDUA OFF UBDU
CMDRTN

CI’’IU2UBDUB ON CMD CTIU2

CI’IU2UBDUB ON CMD UBDU
RTN

CTIU2UBDUB OFF crIu2
cm

CTIU2UBDUB OFF UBDU
CMDRTN

CTIU2WBDUA ON CMD CTIU2

ClTLJ2WBDUA ON CMD WBDU
RTN

CTIU2WBDUA OFF crru2
cm

CTIU2WBDUA OFF WBDU
CMDRTN

CTIU2WBDUB ON CMD crIu2

-=-i

--i

CTIU2

=%-i

3UBDU

CTTLJ2

UBDU

CTIU2

+-i

--i

crru2

aUBDU

CTIU2

-1

-

WBDU

crru2

7
-1

CTIU2

WBDU
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Connector Designation: CJW22 Connector Functiom HD (MD(2)

Part Number: 2(?042415Pl104SA Connector me: 104 socket
rectangular

Contact Function Name Circuit Category Source /Destination
Number

78 CTHJ2WBDUB ON CMD WBDU cTnJ2
RTN

79 CTIU2WBDUB OFF cTru2 WBDU
CMD

80 CTIU2WBDUB OFF WBDU crru2
CMDRTN

81 M02 DASM2 4MHZCLK M02 DASM2

82 M02 KSAM2 4MHZCLK M02 KSAM2
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Connector Des@nation: CXU23 Connector Function: HD CMD (1)

Part Number: 2W42415PI104SA Comector ‘i’ypfx 104 socket

kcontact
Number

F3

4

F
6

7

t--=---

E
11

12

13

14

F15

16

F18

19

rectangular
—

Function Name Circuit Category Source /Destination

CTIU1ABDUA ON CMD CTlul

CTIU1ABDUA ON CMD ABDU
RW

CTIU1ABDUA OFF Cllul
CMD

CITUl ABDUA OFF ABDU
CMDRTN

CTIUl ABDUB ON CMD CTlul

C’ITUlABDUB ON CMD ABDU
RTN

CTIUl ABDUB OFF CTrul
cm

CTIUl ABDUB OFF ABDU
CMDRTN

CTIUl DBDU A ON CMD CTrul

CTIUl DBDU A ON CMD DBDU
RTN

CTIU1DBDUA OFF Crrul
cm

CTILJ1DBDU A OFF DBDU
CMDRTN

CTIUl DBDUB ON CMD CTrul

C’I’IU1DBDU B ON CMD DBDU
RTN

CTIU DBDUB OFF CMD CTnJl

CTIU DBDUB OFF CMD DBDU
RTN

CTIU1EBDU A ON CMD Crrul

CTIU1 EBDU A ON CMD EBDU
RTN

CTIU1EBDU A OFF CTrul
CMD

-

ABDU

CTrul

=!ABDU

CTrul

+

ABDU

CTIul

aDBDU

Crlul

-==-i

+

DBDU

CTIul

-

DBDU

C1l-ul

-

EBDU

CIlsJl

-1
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Connector Function: HD CMD (1)onnector hiig’MtiOIX CXU23

art Number: 2W42415P11OI4SA Connector me:

Cixmit Category

104 socket
rectangular

Source /DestinationContact I Function Name
Number I

EBDU CTrul

EBDUCTrul

C’iTul

CrIul

EBDU

EBDU

CITU1
1

24 ICTIU1EBDU B OFF CMD
RTN

25 CTIU1GBDUA ON CMD

26 CTIU1GBDUA ON CMD
RTN

27 CTILJ1GBDUA OFF
cm

Cllul

GBDU

GBDU

ml

CTrul ‘GBDU

GBDU CTrul28 I CTIUl GBDUA OFF
CMDRTN

1

29 I CllUl GBDUB ON CMD Crrul

GBDU

GBDU

CTrul30 CTIUl GBDUB ON CMD
RTN

31 CTIUl GBDUB OFF
CMD

32 CTIU1GBDUB OFF

CTIul GBDU

GBDU ‘t’n-ul
CMDRTN

33 CTIU1NBDUA ON CMD Cm-Ul

NBDU

NBDU

34 CTIU1NBDUA ON CMD
RTN

35 CTIU1 NBDUA OFF
CMD

36 CTIU1 NBDUA OFF
CMDRTN

CTrul

NBDUCTIul

NBDU

Crrul

CTrul

NBDU37 ‘-1 CTIUl NBDUB ON CMD

38 CTIUl NBDUB ON CMD
RTN

NBDU CITul

I
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Connector Designation: CXL123 Connector Function: HD CMD (1)

Part Number: 20042415Pl104SA Connector me: 1# socket
rectangular

- Function Name Cixwit category Source /Destination
Number

39 CTIUl NBDUB OFF Crrul NBDU
CMD

40 CITLJlNBDUB OFF NBDU CTnJl
CMDRTN

41 CTIUl PBDUA ON CMD CTlul PBDU

42 CTIUl PBDUA ON CMD PBDU CTrul
RTN

43 CTIU1PBDUA OPF CMD CTrul PBDU

44 CTIU1PBDU A OFTCMD PBDU CTIU1
RTN

45 CTIU1PBDUB ON CMD CTrul PBDU

46 CllUl PBDUB ON CMD PBDU CTlul
RTN

47 CllUl PBDU B OFF CMD CTIul PBDU

48 CITLJlPBDU B OFF CMD PBDU CIlul
RTN

49 CTIUl RBDUA ON CMD Crrul RBDU

50 CTIUl RBDUA ON CMD RBDU CTnJl
RTN

51 CTIU1RBDUA OFF CTrul RBDU
CMD

52 CI’IU1RBDUA OFF RBDU CTIU1
CMDRTN

53 CTIU1RBDU B ON CMD CTlul RBDU

54 CTIU1RBDUB ON CMD RBDU CTIU1
RTN

55 CTIU1RBDUB OFF CTIul RBDU
CMD

56 CTIU1RBDU B OFF RBDU CTlul
CMDRTN

57 CTIU1UBDUA ON CMD CTIul UBDU

58 CTIU1 UBDUA ON CMD UBDU CTrul
RTN
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Connector Function: HD CfkfD(1)

Comector ‘J.)p 104 socket
rectangular

circuit category Source /Destination

Connector Designation CXU23

Part Number: 2OO42415P11O4SA

Contact
Number

Function Name

CTIU1UBDUA OFF
CMD

Cr’lul

UBDU

Crlul

UBDU

CrIul

UBDU

Crrul

UBDU

Crrul

UBDU

CT’rul

UBDU

Crrul

UBDU

Crrul

WBDU

Crrul

WBDU

UBDU59

60 CrlulCTIU1UBDUA OFF
CMDRTN

CTIUl UBDUB ON CMD UBDU

CTrul

UBDU

61

CllUl UBDUB ON CMD
RTN

62

63 CTIUl UBDUB OFF
cm

CTIU1UBDUB OFF
CMDRTN

CTIU1

UBDU

CTrul

64

65

66

67

CTIU1UBDUA ON CMD

CTIU1 UBDUA ON CMD
RTN

CTIU1UBDUA OFF
cm

UBDU

Crlul68 CTIU1UBDUA OFF
CMDRTN

CITUl UBDUB ON CMD UBDU

CTrul
69

70

71

CT’IUlUBDUB ON CMD
RTN

CI’IU1UBDUB OFF
cm

UBDU

CTrul

WBDU

CTnJl

72 CTIU1UBDUB OFF
CMDRTN

CTIUl WBDUA ON CMD

C’ITUlWBDUA ON CMD
RTN

CTIU1WBDU A OFF
cm

CTIU1WBDU A OFF
CMDRTN

CTIU1WBDUB ON CMD

-4WBDU

74

75

76

77

-1Crrul

I Cllul
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Connector Designation: CXU23 IConnector Function: HD CMD (1)

Part Numbel

Contact
Number

78

79

80

81

82

: 2OW415P11O4SA Connector me: 104 socket
rectangular

Function Name Cimlit category Source /Destination

CTIU1WBDUB ON CMD WBDU Crrul
RTN

CTIU1WBDUB OFF CTrul WBDU
cm

CTIU1WBDUB OFF WBDU ml
CMDRTN

MO1DASM1 4MHZCLK MO1 DASM1

MO1 KSAM1 4MHZCLK MO1 KSAM1



PS20008745
05August1993

Connector Des@ation: CxU~
Part Numbw

Contact
Number

1

2

J

4

5

6

7

8

9

10

11

12

13

14

15

16

18

2OO42415P1O5OSA

4

Function Name

DCU1REC A CADUS

DCU1REC A CADUS
RTN

CTIU2PB A CADUS

CTIU2PB A CADUSRTN

DCU2REC A CADUS

DCU2REC A CADUS
RTN

CTIU2PB A CADUS

CTlU2 PB A CADUSRTN

SBT2HARDLINECMD

SBT2HARDLINECMD
RTN

SBT2LOCK OVERRIDE

SBT2LOCK OVERRIDE
RTN

ClTU2 lK CADUSTO LV

CI’ILJ2lK CADUSTO LV
RTN

CTIU2HSKPTLM CH 1

CTIU2HSKP TLM CH 1
RTN

CTIU2HSKP TLM CH 2

CTIU2HSKPTLM CH 2
RTN

c

Comector Functiom Link CTZU2 fo DCU1 and I
L3CU2; SBX2 Akck
Overtide Test; Hardline
Thn to UMB

Comector Type: 50 socket
rectangular I

circuit categorj~ Source /Destination

CITU2

Dcul

crIu2

DCU2

CTIU2

DCU2

UMB

SBT2

UMB

SBT2

1

Crlul

LV

J

DCU1

crru2

DCU1

CTIU2

DCU2

CTIU2

DCU2

crru2

SBT2

UMB

SBT2

UMB

LV

CTIU2

LV

CTIU2

LV

CTI-U2
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c

Connector Des@ation: CXU25 CX.mnectorFunctiom ADE (A) TZmto ACE

Part Numbe~ 20042415PNM9SA Connector me: 9 socket
rectangular

Contact Function Name Circuit Category Source /Destination
Number

1 ADEASAFEMODEIND ACE ADE

2 ADEASAFEMODEIND ADE ACE
RTN

3 ADEACSS SIG ACE ADE

4 ADEACSS SIG RTN ADE ACE

5 ADEASA ATINDEX ACE ADE

6 ADEASA ATINDEXRTN ADE ACE

Connector Desigmtion: CX1J26 Comector FunctioIK ADE (1?)Thn 10ACE

Part Number: 2OO42415P1OO9SA Connector Type: 9 socket
rectangular

Contact Function Name Circuit Category Source /Destination
Number

1 ADEB SAFEMODEIND ACE ADE

2 ADEB SAFEMODEIND ADE ACE
RTN

3 ADEBCSS SIG ACE ADE

4 ADEBCSS SIG RTN ADE ACE

5 ADEB SA ATINDEX ACE ADE

6 ADEBSA ATINDEXRTN ADE ACE
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c
Connector kt@’I@iOIU CXIJ27 Connector Functiom Power Znput to HGA

Part Number: 20038047PJ1A35N Hinge and SAD A Healers

Connector Type: 6 pin
circuhzr

— *
Contact Function Name Circuit Category Source /Destination
Number

1 HGAHINGEHTR A POS HGA HGAHINGE
HINGE HTR A

HCE

2 HGAHINGEHTR A RTN HGA HCEHINGE
HINGE HCE
HTRA

3 SADHTR A POS SADHCE SADHTR A

4 SADHTR A RTN SADHTR A SADHCE

Connector Designation: CXlJ28 Connector Function Power Input to HGA I

Part Numbe~ 20038047PJ1A35A Hinge and S# B Heaters

Comector ‘&pe: 6 socket
circuhr

Contact Function Name Cimlit category Source /Destination
Number

1 HGAHINGEHTR B POS HGA HGAHINGE
HINGE HTRB

HCE

2 HGA HINGEHTR B RTN HGA HGAHINGE
HINGE HCE
HTR B

3 SADHTR B POS SADHCE SADHTR B

4 SADHTR B RTN SADHTR B SADHCE
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c

Comector Designation CXL129 Connector Function HGA Hinge and S~

Part Numbe~ 2O(M2-4I5P1OO9SA A Temp Telemetry and
Heater Control

Comector Type: 9 socket
rechzngular

-
Contact Function Name Circuit Category Source /Destination
Number

1 HGAHINGETEMP A CBDU HGA HINGE
TLM HTR A

2 HGAHINGETEMP A HGA CBDU
TLMRTN HINGE

HTRA

3 HGAHINGECONTRL HGA HGA HINGE
THMS A POS HINGE HTRA

HCE

4 HGA HINGE CONTRL HGA HGAHINGE
THMS A RTN HINGE HCE

HTRA

5 SADTEMP A TLM CBDU SADHTR A

6 SAD TEMPATLMRTN SADHTRA CBDU

7 SAD CONTRLTHMS A SADHCE SAD HTRA
Pos

8 SAD CONTRLTHMS A SADHTRA SADHCE
RTN
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lConnector Des&nation: CX1J30 IConnector Function: HGA Hinge and SAD

IPart Numbe~ 2OO424I5P1OO9SA
I
Connector me:

Contact Function Name Circuit Category
Number

1 HGAHINGETEMP B
TLM

1- I2 HGAHINGETEMP B
TLMRTN

3 HGAHINGE CONTRL
THMS B POS

4 HGAHINGE CONTRL
THMS B RTN

5 SADTEMP B TLM

6 SADTEMP B TLM RTN

7 SAD CONTRLTHMSB
Pos

I 8 I SAD CONTRL THMSB
RTN I

I
,
I I

B Heaier Control and
Temperature Tehnetqv

9 socket
rectangular

Source /Destination

CBDU HGA HINGE
HTR B

HGA CBDU
HINGE
HTR B

HGA HGAHINGE
H~GE HTR B

HCE

HGA
HINGE
HTR B

CBDU

SADHTRB

SADHCE

SADHTRB

HGAHINGE
HCE

SADHTR B

CBDU

SADHTR B

SADHCE

Ic omector Designation: CXIJ31 lConnectorF.ndion: C&DH Te~Poinh

Part Number: 2OO42415P1OO9SA Connector Type: 9 socket
rectangular

Contact Function Name Circuit Category Source /Destination
Number

1 GSE CTIU1RESET GSE CT1-ul

2 GSE CTIU1RESETRTN CT1-ul GSE
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Connector Des&nation: CXU32 Connector Functiom C&DH Test Points

Part Numlxx 2OO424I5P1OO9 Connector Type: 9 pin
rectangular

-
Contact Function Name Circuit Category Source /Destination
Number

1 GSE CTIU2 RESET GSE CI’IU2

2 GSE CTlSJ2 RESETRTN cI’ru2 GSE
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1 SCOPE

This specification establishesthe performance,design, development,and test requirementsfor the
Direct Access System (DAS) Panel critical item. The DAS Panel shall meet all the applicable
requirements of the ContractEnd Item (CEI) Spec~lcation for the EOS Spacecraft,PS20005396
(SEP-101), throughout its design life. The pincipal requirement of modularity to facilitate
Spacecraft construction, maintenance and serviceability is satisfkd by this module design. The
equipment module wiJlbe designedto facilitate producibility,integration,and accessibility to the
internal components while mkimking weight. The equipment module will be modular to allow
on-groundremoval and replacementonto the Spacecraftcore.
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APPLICAJ.HX D~S
.

2

AU and only those documentsreferencedin Sections 3,4,5, and Appendicesof the specification
shall be listed in Section 2 of the specification. References are confined to documents currently
available at the time of issuanceof the current revision of this spectilcation.

2.1 Government Documents

The following documentsof the exact issue shown, forma part of this specifkation to the extent
specifkd herein.In the eventof aconflictbetweenthe documentsreferencedhereinand the contents
of this spec~lcation, the contents of this specxlcation shall take precedence,except as defined in
Section3.6 herein.

2.1.1 Military

MSFC-SPEC-522

MIL-STD-129
10January 1992

MIL-STD-490
30 October 1968
Notice 1-1 February 1969
Notice 2-18 May 1972

MIL-STD-889 (Rev.B)
4 March 1988

MIL-STD-1472 (Rev.D)
20 March 1991

MIL-STD-1553 (Rev.B)
8 September 1986

MIL-HDBK-5 (Rev.F)
1 December 1992

MIL-HDBK-17

WSMCR-127-1
December 1989

2.1.2 NASA

42043-02
15 April 1992

Design Criteria for ControllingStress Comosion

Marking for Shipmentand Storage

SpecificationPractices

Dissimilar Metals

Human EngineeringDesign Criteria for Military
Systems, Equipment and Facilities

Digital Tme Division Command/Response
Multiplex Data Bus

Metallic Materials and Elements for Aerospace
VehicleStructures

Plastics for AerospaceVehicles

Western Space and Missile Center Range Safety
Regulations

General Instrument IntexfaceSpecification (GIIS)
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42(L05-02
8 November 1991

421-10-01
1 May 1S91

NHB 5300.4 (3A-1)
December 1976

NHB 5300.4 (3G)
A@ 1985

NHB 5300.4 (3H)
May 1984

NHB 5300.4 (31)
May 1984

NHB 5300.4 (3J)
April 1985

NHB 5300.4 (3K)
hnuary 1986

=.

Performance AssuranceReqkments for the
EOS Observatories

RequirementsDocument for the EOS-AM
spacecraft

Requirements for Sol&red Electrical Connections

Requirements for Intmonnecting Cables,
Harnesses, and W-g

Requirements for Crimping and Wm Wrap

Requirements for Printed Wfig Boards

Requirements for Conformal Coating and Staking of
Printed Wtig Boards and Electronic Assemblies

Design Requirements for Rigid Printed Wiring
Boards and Assemblies

2.2 Martin Marietta htro Space Documents

Unless othenvke spec~le~ the following documents of the latest issue foxm a part of this
spec~lcation to the extent specifkd herein. In the event of a conflict between the documents
referencedherein and the contents of this specflcation, the contents of this specification shall take
precedence.

2.2.1 Specifications

20001430

1S20008501

PN20001412

PN20005397

PS20001415

PS20005396

Ground SupportEquipmentRequirements Document
(SEP-104)

General IntexfaceSpecificationfor the Earth
Observing System (ICD-101)

EOS-A Spacecraft ContaminationControl Plan
(SEP-107)

EOS Performance AssumnceImplementation Plan
(PAIP)(PA-1OO)

Structures and Mechanisms Subsystem (SMS)
Petiorrnance Spectilcation

EOS-AM Spacecraft ContractEnd Item
Specitlcation (SEI-101)
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PS20005404

PS20(K)8543

PS20008549

PS20008553

PS20008568

PS20008573

PS20008575

PS20008580

PS20&8589

PS20008590

PS20008636

PS20008694

PS20003627

PS20008785

PS20008569

PS20008570

PS20008543

PS20008590

Source:

2.2.2 Standards

S32534 (Rev.E)

c.

VerificationSpecificationfor&eEarth Obsefig
System (VRD-11O)

MasterOscillator PerformanceSpecification

Thermal Control Subsystem(TCS)Perfonnance
Specflcation

ThennalSubsystem Performance Specflcation

BusDataUnit(BDU) Performance Specification

DASUpconverter DevelopmentPerformamce
Specification

ScienceFormatting EquipmentPetiormance
Specii3cation

CommunicationsSubsystemSpectilcation forthe
EOS Spacecraft

DAS ModulatorPerformanceSpecification

DAS TransmitterPetiormance Specii3cation

Electrical AccommodationsSubsystem (EAS)
PerformanceSpecitlcation

Fuse and Distribution Board (FDB)Performance
Specflcation

Earth SensorElectronics Assembly(SP402)

Heater ControlElectronics

Command/TelemetryInterface Unit (CTIU)

SpacecraftControl Computer (SCC)

Master Oscillator (MO)

DAS SSPADevelopmentSpecification

Mti Marietta Astro Space
P. O. BOX 800
Ihinceton, NJ 08543-0800

Identilcation Marking
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source:

233 Drawings

20008536

20008571

source

2.2.4 Other Publications

20005397

20008536

20008540

20008541

20008681

EOS-DN-COM~l 4

ICD20008571

PL20008648

PL20008650

PN20005404

PN20005869

PN20008571

source

c.

Martin Marietta Mm Space :
P. O. BOX 800
Princeton, NJ 08543-0800

EOS-AM SpacecraftObservatorySpecKlcationTme

DAS Panel AssemblyDrawing

Martin MariettaMro Space
P. O. BOX 800
Princeton, NJ 08543-0800

Performance AssuranceImplementationPlan

EOS-AM SpacecraftSpeci.fkationTu

Logistics Plan

EOS-AM SpacecmftEquipment Planning Diagram

DAS Panel HarnessAssemblyDrawing

X-band DesignApproach

DAS Panel InterfaceControlDocument

Program ApprovedParts List (PA-325)

Program ApprovedMaterials and I%ocessesList
(PA-460)

Vetilcation Plan for the Earth Observing System
(VRD-11O)

Electromagnetic CompatibilityControl Plan
(SEP-106)

DAS Panel TestPlan

Martin Marietta Astro Space
P. O. BOX 800
Princeton, NJ 08543-0800
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3 REQUIREMENTS

The DAS Panel shall meet all performancerequirements specifkd herein under all combinations
of environmental conditions and input signals descrilxxL and after exposure to the launch
environment described herein. All req~ments are End-of-Life (EOL) speci.i3cationsunless
othenvise stated.

3.1 Critical Item Definition

The DAS Panel contains elements of several Spacecraft subsystems.
major functions performedwithin the EM are described in TableI.

Table I. DAS Panel Subsystem Functions

These subsystems and their

Subsystem and
Performance Major EM Subsystem Functions
Specification

;omrnand and Data - Provides standardizeddata interfaces to the Instruments
Handling - Provides high-rate data formatting, routing, recordingand playback

Subsystem - Provides a telemetry data backup recordingfunction
(C&DH)

PS20M18567

Communications - ‘llanslates intermediate ffequencyoutput from DAS modulators to
Subsystem X-band

(COM) - Amplifies signal to required power level
PS20008580 - Filters signal to preventpossibleinterferencewith instrumentsandroutes

signal to X–band antema

Electrical - Providespowerdistributionand fusingfor all local 120volt usersvia fuse
Power Subsystem distribution bOX

(EPS)
PS20004749

Thermal Control - Provides heaters, sensors, and control for maintainingEM
Subsystem (TCS) temperatures

PS20008549

Elecrncal - Provides the harness and connectionsfor electrical components
Accommodations - Grounding and signal reference connections.

Subsystem
PS20008636

Structures and - Provides mounting and protectionfor subsystemcomponents
Mechanisms - Provides a thermal path to camydissipatedcomponentpower
Subsystem

PS20001415
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3.1.1
.

DAS Panel Functional Description

The DAS panel contains X-band RF transmission electronics for the direct broadcast, direct
do- and direct playback seMces, and associated thermal and C&DHSinterface equipment.
Figure 1 shows the layout of the DAS Panel. The components on the DAS Panel consist of two
parallel stringscomposedof oneDASUpconverterand oneDAS SSPA. Componentsin series with
the shings include a string-select waveguideswitch, one DAS transmissionfilter assembly,and an
outputwaveguide(forDAS antennainterfacing). TheDASUpconver&ersare poweredby the 5 Vdc
providedby the DAS SSPAEPC. The DAS Heater ControlElectronics (IKE) are powered by the
120VdcFeedsA &B directly. In additiontoDAS antenna interface,DASpanel also providesFDB
(120 Vdc) and BDU (C&T) interfaces to the Earth Sensor Assembly (ESA), mounted on the -Z
paneL

‘~iM.50 . I

SSPA
BDU
FDB
RF
UPCON
WGSW

DCC072993

FDB

+ii3 H/ ~
INI’SRFACSCONNSCTOR

KINMATIC L$XJtWS(5 ●LACES)J

Legend:

Solid State Power Amplifier
Bus Data Unit
Fuse Distribution Box
Radio Frequency
UpConverter
Wave Guide Switch

F@ure 1. DAS Panel Layout
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The DAS Panel dowrdinksdata generatedby the EOS spacecraftscien~c instrumentsdirectly to
X-band earth groundtmminalsat amaximumdatarate of 150Mbps.The datageneratedbytheEOS
spacecraft scientilc instruments is sent to the DAS Panel via the DAS Modulator. This data can
bemal timedam or datastoredin solidstaterecor&rs for latertransmission.TheDASPanelhouses
all electronic, thermal, and control equipment for the direct sexvices.A functional block d@ram
of the DAS Panel signal flow is shownin Figure 2.

The digital data from the C&DH subsystemis received by the DAS Panel modulator,where it is
reclocked and differentially encoded using Non-Return to Zero Mark (NRZM) format. A
PseudorandomBit Stream Genemtor (PBSG) is used to generatea known, fixe~ and repeatable
=M data bit stream for ground test and on-orbit verificationof the DAS Panel. The 4 MHz
MasterOscillator(MO)signalisusedtoclockthePBSG. ThemcxhdatorencodestheNRZ-M signal
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F@ure 2. X-band Direct Access System @4S) Block Diagram
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using a rate r=l/2, constraint length k-7 convolutional scheme. The convolutionalencoder output
is modulated using either Staggered Quadrature Phase Shift-Keying (SQPSK), or Staggert.d
Unbalanced+PSK (SU-QPSK) modulation, depending on the mode of operation.

The output of the modulator is sent to the upconverter, where it is iiequency translated from an
Intermediate Frequency (IF) to X-band. A frequency source contained in the upconverter is used
to generate the local oscillator required by the modulator.The output of the upconverter is sent to
the Power AmpMler (PA)for final amplification to the required power level. At the output of the
PA,a waveguideswitch is USWto selectthe output of eitherredundant equipmentchain.Redundant
equipment chains are used to increase the reliability of the DAS Panel, and assure that no credible
single point failure can cause the loss of both paths. Before being sent to the shaped antennq the
signal is falteredto prevent interference with instruments m—boardthe EOS-AM Spacecraft, and
other operational systems, such as the Deep Space Network (DSN). DAS services at X-band
throughthe shapedantennaoperate independentlyof the High Gain Antenna (HGA),and therefo~
serve as a backup to Trackingand DataRelay Satellite System (TDRSS)servicesthrough the HGA
at Ku-b%d.

3.1.2 Interface Definition

The DAS Panel interfaces, and all included componentsshall meet the requirementsof Sections 3,
4, and 5, of the General Interface Specification (GIS), IS20008501. Exceptions shall be explicitly
noted in either the component speciilcation or this document

3.1.2.1 Electrical Ixlterfkces

Electricalconnectionsbetween and amongthe componentsof all subsystemswithinthe moduleare
part of the EM harness design.

[1]

[2]

[3]

[4]

[5]

[6]

An electrical interface connector bracket attached to the +2 panel shall support all EM
module harness interface connectorsrequired to mate with the bus harness. The DASPanel
functional electrical interfaces are shown in Figure 3.

The DAS Panel electrical interface shall meet the requirements of Section 3 of the GIS
(IS20008501) regarding power, grounds, standard signal interfaces, test points, and
connector and pin allocations.

All electrical connections between the spacemft and the DAS Panel shall be accomplished
through the use of intercomecting cables as describedin the DASPanel HarnessInstallation
Drawing, 20038244.

All electrical connections between the spacecraft and the DAS Panel shall occur along the
+X edge of the DAS Panel, except for test point connections, which shall connect directly
to the component boxes. The DAS Panel shall provide and accept, as appropriate, the
spacecraft bus interface signals &fined in AppendixIII.

These cables and connections shall meet the harness and construction requirements of the
Electrical Accommodation Subsystem (EAS) Performance SpecKlcation,PS20008636.

The DAS Panel shall meet the requirements specified for Spacecraft equipment in the
Equipment&ubsystemEMIRequirementsSectionoftheEMC ControlPlan (PN20005869).
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RECORDER
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F@ure 3. DAS Panel Functional Electriml I@rface Definition

3.12.1.1 SpacecraftPower Bus Interface

[1] The DAS Panel shall acceptprimepowervoltage at 120voltsdc with a regulation of * 4%.
Prime power is defined as the main Spacecmftbus powerfeeding the DAS Panel.

[2] The DAS Panel shall connect to both A and B powerbuses,as shownin Figure 4.

3.1.2.2 Spacecraft Cornmand and Telemetry Bus Interfhce

[1] The DAS Panel intetiace to the SpacecraftCommandand TelemetryBus shall be via two
sets of redundant MIL-STD-1553B Buses as shownin Figure 5.

[2] Both sides of the Bus Data Unit (BDU) shall interface to both the A and B Spacecraft
Command and Telemetry Buses, and shall distribute commandsto, and collect telemetry
from, all componentslocated on the DASPanel as necessary.The command and telemetry
lists for componentslocatedon theDASPanelaregiveninAppendices1and 2,respectively.

[3] Interfaces with the C&T buses shall be over shield~ twisted pair transformer coupled
connections.

[4] Separate triaxkd connectors,one for both A and B buses, shall be provided at the external
interface of the DAS Panel.

3.1.2.2.1 Command hlpUtS

The forma~ function and timing of the various commandsfor theEM componentsare listed in an
appendix to the respective performancespecification of each componen~
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TeedA
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side 5V
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Fi~ 4. DAS Panel Functional Spacecraft Power Bus Interface Definition
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9
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DAS Panel

Figure 5. DAS Panel Functional Spacecraft Coremand and Telemetry Bus Interface
Definition
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3.1.2.22 Telemetry Outputs

The fornu%function and timing of the various telemetry words for the EM componentsare listed
, in an appendixto the respectiveperformancespecificationof each component.

3.1s2.2.3 DAS Modulator Interface

The input signals to the DAS Panel fkomthe DAS modulator located in the Recorder Equipment
Module shall consist of two sets of IF and LO signals as shown in Figure 3.

3.1.2.2.4 Shaped Antenna Interface

The DAS Panel intetiace to the shaped antenna shall be a single RF output with the following
characteristics:

a.

b.

c.

d.

e.

3.1.2.2S

ConnectionT)p: WR-112 waveguide

SignalLevel: 41.1 dBm* 0.8 dB

Signal 3 dB Bandwidth:2375 MHz

CenterFrequency: 8212.5MHz *0.1 MHz

VSIVR < 1.5:1,WR-112

Input Test Signal Interfhce

[1] The input test signal cable shall interface directly to test equipment at the input port of the
modulator,and shall be used for componentand panel level testing only.

[2] Test inputs shall be terminated for flight. The modulator test input shall be used for
pafonnance testing of the output channel of each redundantequipment string. The output
channel is defined as being from the switch after the SQPSWSU-QPSK modulator to the
waveguideoutput to the shaped antema.

3.1.2.2.6 Output Test Signal Interface

[1] The output test signalsshall intetiace directly to test equipmentcables at the output port of
the component,and shall be used for componentand panel level testing only.

[2] Test outputs shall be terminated for flight an shall be used for functional testing of outputs
only.

3.12.3 Mechanical Interface

[1] The DASPanel shall comply with the requirementsof the SMSPerformance Specification
(PS20001415) regarding coordinate systems, physical characteristics, design and
construction, mounting, alignmen~ mechanisms, dynamic characteristics, structural
criteria, and tooling. Figure 6 shows the relative position and direction of restraint axis of
the DAS Panel kinematic mounts.
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2+lxis

connector
Edge

DAS Panel

[2]

[3]

[4]

[5]

[6]

[7]

The

l-axis l-axis

F@me 6. DAS Panel RepresentativeComponentLayout

DAS Panel shall be mounted to the primary structurevia one 3-axis, one 2-axis, and
three Singleaxis kinematic mounts to provide stMness and load paths back to the pm
structure.

The facesheet and honeycomb core of the structure shallbe aluminumto facilitate themd
conduction to the radiator surfaces.

The com shall be densifkd locally as n2quiredto provide @equatestrength for component
fastenem. The test criteria for adequatestrength shall be that no component internal to the
EM experiencesaccelerations duringtestingthat is 1.25times thosedefined in the Predicted
Limits Loads figure of the General IntexfaceSpecification(GIS), IS20008501.

The equipmentmodule shallbe designedsuchthat it canbeindependentlyassemble~ tested,
attached anchr detached from the Spacecraftwithout m@ring the disassembly of thermal
control subsystem hardware.

A connector bracket shall provide elecrncal interface to the spacecraft bus, and shall be
located to facilitate integration and test access.

Removal of the DAS Panel panel shall not require the removal of any other Spacecraft
Equipment.

3.102.4 Thermal Interface

[1] Al thermal control hardware (heaters, MLI, etc.) in the recorder equipment module shall
meet the thermal control hardware requirements of the GIS, 1S20008501, Section 5,
Thermal Interfaces,

[2] and as specifkd in the Thermal Control Subsystem (TCS) Performance Spectilcation,
PS20008549.
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The DM Panel shall acquire, sprea~ and reject componentheat to the external Spacecraft
sink as necessaryto maintain the temperatureat each componentinterface to levels below
the maximumlimitsspecifkxiintheTempermureRequhementstable in Section5 oftheGIS,
1S20008501.

The heater control electronics (HCE2), using heaters and thermistors in the EM, shall
maintain the tempamure at each componentinterface to levels above the minimum limits
specifiedin tie TemperatureRequirementstable in Section5 of the GIS, 1S20008501.

Heat dissipating components shall meet the EM/Component Conductive Interface
requirements in the GIS, IS20008501,Section5.

A set of thermistor shall be connected to the BDU for the purpose of tracking thermal
pexfonnance.

Major Component List

The mjor componentsof the DAS Panel according to subsystem,type, and quantity are listed in
TableII.

TableIL DASPanel Major Component List

Subsystem Component Document Number

structures& Radiator Panel Assembly+Y 20008910
Mechanisms

IGnematicMounts 20001400

DAS Panel Thermal Blanket (TBD-1)

Thermal DASPanel Heatem 20008788

TemperatureSensors 20008790

TemperatureSensingAssembly 20008791

HCE 20008785

Power Fuse Disrnbution Board (FDB) 20008694

Cmd. & Data Hand. Bus Data Unit (BDU) 20008568

Communications Modulator 20008589

UpConverter 20008573

Power Amplifier (SSPA) 20008590

WaveguideSwitch (TBD-2)

Transmit Filter (TBD-3)

X-band Waveguide/Cabling (TBD4)

Electrical DAS Panel Power Harness 20008681

Accommodations DAS Panel C&DHHarness 20038261
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3.2 characteristics

3.2.1 Performance

3.2.1.1 Input Signal Performance Characteristics

The input signals to the DAS Panel shall consist of the redundant LO and IF signals, as provided
by the DAS Modulators located in the Recorder Equipment Module. Performance characteristics
of the input signals shall be referenced to the input of the particular DAS Panel component.

3.2.1.1.1 LO Signal

The input signal characteristics of the LO signal shall be as specifkd in the DAS Modulator
Equipment Perfonmmce Speci.tlcation, PS20008589.

3.2.1.1.2 IF Signal

The input signal characteristics of the modulated IF signal shall be as speci.fkd in the DAS
Modulator Performance SpecKlcation,PS20008589.

3.2.1.2 Output Signal Performance Characteristics

The output signal from the DAS Panel shall consist of the output data signal. Performance
characteristics of the output data signal shalIbe referenced to the flexible waveguideoutput to the
shaped antenna.

3.2.1.2.1 Center Frequency

The center frequency of the output signal shall be 8212.5 MHz k 0.1 MHz.

3.2.1.2.2 Frequency Stability

The frequency stabili~ of the the output signal shall be within the limits specified in Table III.

Table III. Output Frequency Stability

Frequency Stabtity Averaging Period

*3 X1O-9 1 second

t *lxl@7 I 5 Hours
I

I *3 X1O-7 I 48 Hours I
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302.1023 Phase Noise
--

The phase noise of the outputsignal shall be within the limits specified in Table IV.

Table IV. Phase Noise

Frequency Band Phase Noise

1HZ-1OHZ <15° rms

10HZ-1OOHZ <7.5” m

100HZ-1WZ <2.0° rrns

lkHz-150MHZ <2.0° rms

3.2.1.2.4 Signal-to-Noise Plus Spurious Ratio

The signal-to-noise plus spuriousratio of the output signal shall be greater than 30 dB.

3.2.1.2.5 Gain Imbalance

The gain imbalance of the output signal shall be S 0.25 dll in the absence of incidental AM and
varying modulation.

3.2.1.2.6 Phase Imbalance

The phase imbalanceof the outputsignal shall be S 2.0°.

3.2.1.2.7 Untracked spurious PM

The untmcked spuriousPM of the outputsignal shall be shall be S 2.0° rms.

3.2.1.2.8 spurious Out+f-Band

Spurious out+f-band signalsof the output signal shall be within the limits specifkl in TableV.

Table V. Spurious Out+f-Band Signal Limits

Frequency Band Rejection
<7735 MHz >#&

7735 MHzto 7895 MHz >zo~

7895 MHz to 7975 MHz >lo@

7975 ~Z to 8025 hfHZ >3~

8400 MHzto 8450 ~Z >3m

8450 MHzto 8530 MHz >lo~

8530 MHzto 8690 MHz >zo~

8690 MHzto 106OOMHz >#dg

106OOMHzto 10700MHz >60~

16050MHz to 16800MHz >50~

24075 tiZ to 25200 ~Z ~40~
&
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32.1.209 Out+f-Band power
.

The out+f-band power of the output signal shall be < 2% of the total output signal power.

3.2.13 output channel Performance characteristics

The output channel begins at the switch following the SQPSWSU-QPSKmodulator,and consists
of the modulator output stage, upconverter,power ampWler,waveguideswitch, transmit falter,and
all cables, waveguide, and connectors. Performance characteristicsof the output channel shall be
referenced to the flexible waveguide output to the shaped antenna shown.

3.2.1.3.1 Bandwidth

The3 dB bandwidth of the output channel shallbe2375 MHz.

3.2.1.3.2 Gain FIatness

The gain of the output channel shall deviate by S 0.3 dll over a * 112.5MHz reference bandwidth
about the transmit center frequency.

3.2.1.3.3 Gain Slope

Thegain of the outputchannelshall varyby <0.1 dB/MHzoverak 112.5MHzreference bandwidth
about the transmit center fxquency.

3.2.1.3.4 Ineidentzd Amplitude Modulation (AM)

The incidental AM of the output channel shall be as specifkxiin ‘IhbleVI.

TableVL JneidentalAM

I Frequency Band I Inadental AM I

1

I 2kHztolokHz I <3% I

3.2.1.3.5 AM/AM

The AM/AM of the output channel shallbe 20.5dB/dB for the maximum output power level.

3.2.1.3.6 AM/Phase Modulation (PM)

At any signal frequency within the operatingband, the changein phaseof the output signal relative
to the input test signal level shall be S 12°MB.

3.2.1.3.7 Phase Non-Linearity

Thephase of the output channel shall not deviatefrom linearphase versusfrequencyby23.0° over
a * 112.5MHz reference bandwidth about the transmit center Ii’equency.
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3.2.2 Physical Characteristics

30202.1 Mass

The mass of the DAS Panel shallnot exceed 90 pounds.

3.2.2.2 Power Consumption

Thecomponentson theDASPanelshall complywith theDC powerconsumptionallocationsgiven
in TableVII. The maximumorbit averageDC power consumedby the DASPanel for the ~erent
EOS spacecraftoperatingmodesshallnot exceed the values specifkd in TableVII. Sincethe DAS
Panel componentswill be poweredand operational for the entire orbit peri@ the maximum orbit
averagepower consumedis also the peak power consumed.

3.2.2.3 Power Dissipation

The thermal dissipation of the DAS Panel componentsshall be less than 59 watts.

3.22.4 Dtiension

ThedimensionsoftheDASPanelshallnot exceedthemaximumdimensionsgivenbelow,including
connectors,as defined in Atro Space assembly drawing 20008571.

Length ~ 54.50 inches
Width (Y) 10.98inches
Height (Z) 24.00 inches

3.23.5 Tkansport and Storage

[1] Accommodationsfor tie-downs,pallets, packaging,and other handling f~tures necessary
for tisport and storage of the equipment module shall be made to ease handIing by and
interaction with ground supportequipment (GSE).

[2] The proper orientation for placing items in storage or transportation containers shall be
obvious by design or marking.

[3] The DAS Panel shall supply test lift points capable of supporting the EM under any
accompanyingGSE underhandling loads of 2g vertical per MIL-STD-1367A

[4] When four or more lift points are provided, any combination of three shall be capable of
lifting the entire load.
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TableVII. Power Consumption (watts) :

Component

POWERcon

Ground Standby Delta-v ScienceMode SUrvivat SafeMode[41
T- and Mode Made Mode
Launcw Nomi- ~[3] Max Min
Ascent A
Mode

KJMPITON:

BDU 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2

SSPA 59.4 59.4 59.4 59.4 59.4 59.4 59.4 59.4 0
u~(l) 0 0 0 0 0 0 0 0 0

DASFilter o 0 0 0 0 0 0 0 0
WGSwitch o 0 0 0 0 0 0 0 0
DASPanel o 0 0 0 0 0 0 0 0
Harness

DASPanel o 0 0 0 0 0 0 0 0
structure

HSKPHeat o 0 0 0 0 0 0 0 0
Pipes(ccHP)

FDB o 0 0 0 0 0 Q o 0
HC@4 3.3 33 2.8 2.8 2.8 2.8 33 3.3 1.7

- 3.6 3.6 3.6

SSq

TotalEhk 75 75 75 I
[l)PoweredviaSSPA

[z) DMS not rncludeTCSbeaterpower.Power shownis the sum ofthe allocations for the 4 HCE2S.

:3)~a * TDRsscontact
:4) ~d no bhUUEIU collectingscience data

3.2.2.6 Integration and T&t

[1] The DASPanel shallsupplytest pointsvia the int.date comectorfor modulatedIF outputs.

[2] DAS Panel design shallensu~ that accessto the interfacecomector is s~lcient to preclude
the need for blind-mate connectors during installation on the Spacecraft Core.

[3] Ground cooling of the DAS Panel shall be accomplishedby (TBD-6).

[4] Items which for safety reasons may require rapid prelaunch maintenance shall be madly
accessible.

[5] Iternsrequiring frequentaccessduringI&Tor otherprelaunchoperationsshallbe accessible
during I&T.

[6] Command and housekeepingtelemetrycapabilitiesshallbe availableboth with and without
RXlinks.
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3922.7 Layout
.

[1] Fuses for the DASPanel shall be located, to the extent practical, such that it is possible to
replace or view any fuse withoutrequiring any disassemblyof the DAS Panel.

[2] The DAS Panel layouts shall, to the extent practical,ensure that any componentcontained
the Major Assemblycan be removedwithout having to remove any other component.

[3] Componentspacingsshall provide adequate clearancefor harness runs.

[4] All flight equipmentwhich would require maintenanceduring a storage period of 5 years
or less shall be accessiblewhen the Spacecraft is in its storedconfQumtion.

[5] AUSpacecraftcomponentswhichamfragile orotherwise susceptibletodamageshall,where
practical, be guarded or located so as to reduce this susceptibility.

[6] Sensitiveadjustmentcontrolsandactuatorsshallbe locatedor guardedto protecttherefrom
inadvertent perturbation.

[7] Componentlabelingshallbe visiblewhen the componentis installedin the parentassembly
or stowed. Labels shall be installed such that they are readableby the unaided human eye.

3.2.2.8 Configuration

The DAS Pmel shall confcmnto Astro Space assembly drawing20008571. These drawingsshall
define the following parameters:

a.

b.

c.

d.

e.

f.

g.

3022.9

Physical size

Mounting requirementsand interfaces

External finishes

Electrical connectorlocationsand sizes

Comector part number references

Comector reference designators

Method of identflcation.

Natural Frequency

The natural fkequencyof the DASPanel shall be no less than the level spectiled in theappendix to
the Structures and MechanismsSubsystemPerformance Speci.tlcation,PS20001415.

3023 Reliability

The probability of mission success, Ps, is allocated to the individual subsystems and
components. This informationmay be found in the applicable performancespec~lcations.

3.2.4 Durability

their

The DAS Panel shall be &signed to operate as specifkd herein for a five-year operational life.
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3.2S
.

Maintainability

[1] The DAS Panel shall be designed so that no regular maintenance will be required.

[2] Removable dust covers or other protective devices shall be provided over electrical
connectors.

3.2.6 Environmental Conditions

3.2.6.1 General

[1] The DASPanel shallbe capableof meeting the requirementsdefined in this document after
exposure to the handling, transportation,on-crbit environments, and launch environments
defined in the GIS (IS20008501)Section 6,

[2] and to the test environmentsdefined in the Verit3cationSpecification (VS), IS20005404.

[3] The DASPanel shall be capableof meeting the requirements defined in this document after
exposure to the handling, transpmtation, and launch environments defiied in the GIS
(IS20008501),Section 6.

[4] The DAS Panel shall be capable of meeting all performance mqtiements when operating
in Spacecraftbay 1 on the-Y side of the Spacecraft.

[5) The EM shall comply
PN20001412.

3.2.6.2 Sine Vibration

[1] The Recorder EM shall

with the requirements of the Contamination Control Plan,

remain undamaged during and following exposure to the sine
vibration tests levels defined in the appen& to the Structures and Mech-anismsSubsystem
Performance Specitlcation,PS20001415.

[2] The EM structuxe shall ensure that no component internal to the EM experiences
accelerations greater than 1.25times those defined in the Predicted Limit Loads figure of
the General Interface Specification (GIS), 1S20008501when the EM experiences the test
levels defined above.

3.2.7 Transportability

[1] The DAS Panel shall be capable of being transported by surface vehicle or aircraft.

[2] The transportation environment shall be controlled so as to be less severe than spectled
operating environment.

3.3 Design and Construction

[1] The DAS Panel design shall preclude improper installation to the Spacecraft.

[2] All electrical connectorsshall be selected, sized, keyed, ador marked such that incomect
attachment to the mating connector is pxwented.

[3] All comectors shallattachsuch that theconnectors cannotbe inadvertentlyunlocked during
ground operations.
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[4]

33.1

c

TheEMdesignshallcomplywiththeDesignandCommotion req~imnenti specifiedin the
GIS, 1S20008501,for General requirements, Identilcation and Marking except for the
Content paragraph, Finishes, Venting, Interchangeabtity, and Drawing Terms and
Tolerances.

Materi~ hews, and Parts

AUmaterials, processes,and partsutilized in the design and constructionof the DASPanel shallbe
selected and controlled in accordance with the requirements for Tooling in Section 4 of the GIS
(IS20008501).

3.3.2

[1]

[2]

[3]

3.303

[1]

[2]

[3]

3.3.4

[1]

[2]

[3]

Electric Fields

The DASPanel shall comply with the electric and magnetic field emissions requirements
in theEquipmentRadiatedEmissions(RE02,REOURE04)Sectionof theEMT/EMCcontrol
@UI (TN20005869).

The DAS Panel shall comply with the requirements regarding Radiated Susceptibility
(RS03),electric fields Section, in the EMC controlPlan (PN20005869).

and the Radiated Susceptibility On-orbit Environments Section of the Equipment EMI
requirements in the EMC ControlPlan (PN20005869).

MagneticFields

Componentsshall meet the magnetic field emission and

magnetic properties requirements in the Equipment Radiated Emissions and Equipment
RadiatedPropertiesSectionsrespectivelyof the EquipmentEM’IRequirementsin theEMC
ControlPlan, PN20005869.

Componentsshall meet the requirements of the Radiated Susceptibility (RSO1)Magnetic
Fields Sectionof theEquipmentEMI~u~ments in theEMCControlPlan,PN20005869.

Nameplates and Product Marking

The DAS Panel shall be marked for identilcation in accordance with the Identification
Marking Standar&S32534 and ICD 20001411.

Conspicuousmarkingsor labels shall be affixed to the DAS Panel hardwareor DASPanel
hardware packages.

The identificationshall contain, as a minimum, the following:

a.

b.

c.

d.

Martin Marietta Astro Space (Astro Space)Part Number

“DASPanel”

Revision Level

Date of Manufacture
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e. Contract Number.

[4] Applicable date-sensitive information shall also be identifki

[5] Hardware or equipment which is not suitable for use in fligh~ and which could be
accidentally substituted for flight or flight spare hardwae, shall be plainly marked and
identifkd to indicate this status.

[6] Wms and cables for hardware shallnot be identifiedby hot stampingdirectly onto primmy
or secondary (shield) insulation.

~] All test points, adjustment devices, and alignmentspoints shall be labeled.

[8] The proper orientation for placing items in stomge or transportation containers shall be
obvious by design or marking.

3.3.5 Workmanship

The construction and assembly of the DAS Panel shd.1be in accordance with the workmanship
requirements as specified in NHB 5300.4 (3A-1, 3G-3K).

3.3.6

[1]

[2]

[3]

[4]

[5]

[6]

[7]

3.3.7

Safety

The DAS Panel shall meet the factor of safetyrequirwnentsspecified in Paragraph 4.8.1 of
the GIS, 1S20008501.

Where practical, hazards shall be eliminated or removedthrough design measums.

Hazards whichcannotbeeliminatedorremovedshall, wherepracti@be preventedthrough
incorporation and use of safety devices or features.

Remaining hazards shall be controlled using warning devices andh special procedures.

Automated detectionand safing of hazards whichmay causepemonnelinjwy or loss of the
Spacecmft shall be independentof those subsystemsbeing monitored.

Where practical, the detection and safiig of lesser hands shall also follow this practice.

Design decisions shall accommodatecompliancewith safetyrequirements specifkd in this
document before accommodating any other considerations (e.g., cost, schedule,
performance)

Human Performancdlhunan Engineering

The DAS Panel shall comply with the human engineetig criteria of MILSTD-1472,

3.4 Documentation

3.4.1 Specifications

Documentation shall be in accordancewith the DataRequirementsList of theEOS-AM Spacecraft
Statement of Work (SOW), contmct NAS5-32500. All parent and component speci.flcations
associated with this spec~lcation are shown in the EOS-AM Spacecraft Specification Tree,
20008536.
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3.42 Drawings

All physical pammeters shall be defined and controlled by tie DAS Panel Assembly Drawing
(20008571)and the DAS Panel Harness drawing.

3.43 Test Plans and Procedures

Detailed qualitlcation and acceptancetest plans shall be prepared.

3.5 Precedence

In the event of conflicting requirementsbetweenthe documentsreferencedherein and the content
of this documen~thefollowingdescendingorderof prece&nce shallbeused toresolvethe conflicfi

a. RequirementsDocument for the EOS-AM Spacecraft(R-D)

b. Petiormance AssuranceRequirementsfor the EOS Observatories(PAR)

c. Unique Instrument InterfaceDocuments (UIIDS)

d. Me General Insmment Interface Specification(GIIS)

e. Contract End Item (CEO

f. External Interface Control Documents (ICDs) (e.g., EOS to Launch Vehicle,EOS to
TDRSS, etc.)

g. Subsystem and Major Assembly Specifications

h. Component SPectilcations.
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4 QUALITYASSURANCEPROVISIONS

This Section outlines the requirementsand structure of a quality assurance program for the DAS
Panel. The purposeof the quality assuranceprogramis to demonstratethat the design of the DAS
Panelanditscomponentsmeetsthepexformancexequirements,hasbeenmanufacturedproperly,and
will operate as designed in associationwith all other EOS-AM Spacecraft interfaces. The PAIP,
PN2(XK)5397,documentsthe overallquality assuranceapproachfor the EOS-AM Spacecraft.The
spec~lcs of the performance vtilcation process are documented in the Vetilcation Plan,
PN20005404.

4.1 General

This Section delineates the inspectionsand tests which shall be performed in order to verify the
equipmentmoduleconformanceto therequirementsof Section3of this spdtication. Testmethods
and measurementsshall be compliantwith all requirementsspecified herein.

4.1.1 Responsibility for Tests

Unlessotherwisespecitledherein,or in the Statementof Work,acceptanceand qualificationtesting
shall be perfo~ed by Astro Space.

4.1,2 special Tests and laminations

***Notapplicable***

4.103 Reliability Test

***Notapplicable***

4.1.4 Engineering Evaluation and Test

***Notapplicable***

4.1.5 Protoflight Test

Protoflight tests, combined with the other vetilcation methods of AttachmentA, shall verify that
the flight hardware design meets the technical requirements of Section 3 of the DAS Panel
spec~lcationtoassureoperationalsuitabilityinthe definedenvironments.Protoflight test hardware
shall be used for qualitlcation testing and shall be identical in configuration and production
processing to flight hardware.

Protoflight tests,where specifie~ shallconsistof Protoflightlevel exposuxeof thefmt flight article
for acceptance level durations (time an~or cycles).

Protoflight tests shall be performed under strict control of environments and test procedures.
Adjustments or tuning of Protoflight test hardware is not permitted throughout the entire test
program. The requirementsof Section 3 to be verifkd prior to, or after each environment, shall be
as specifkd in the DAS Panel TestPlan, PN20008571.
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4.1.6 InstaUationTestand Checkout

Installation testing and checkout shall include continuity checking, interface mating, support
equipmentcompatibility,and documentationverification. TheDASPanel integrationandtest flow
is shown in Figure 7.

4.1.6.1 Electrical Integration and Test (EIC)

An EIC shall be pexformedto ve@ the proper input and grounding d power, commands, and
signals prior to mating of flight hardware. The EIC shall also ver@ proper response to power,
commands,and signalupon initial integrationof flight hardware. TheDASPanel componentsshall
be integrated with the panel in the following order

1. DAS Panel Harness

2. Fuse and Distribution Board

3. Bus Data Unit

4. HCE’S

-5. ESA Interfaces

* DASPanelSuucturesStrengthTested

DAS Panel Structures*
Thermal Cmud Hardware Assemble Electrkal

● ~ Iutegratian ~ FuI@mal
Kinematic Mounts m~y

TestFixnue & checkout Test

components— DAS STE

Comprehensive
Praoflight Acceptance
sinesweep Comprehensive

PerformanceTest * Acoustic
vibmtion b performanceTest

Test

DASSTE DASWE DASSTE“ DASSTEJ7
DAS STE

workmanship Ccqxdmsive spacecraft Interface
~ Thermal ~ Pexfamancz

s= ~ Installation ~ Vaifkath
Cycle b Test Test

DAS STE DX STE

Figure 7. DAS Panel Integration and TestFlow
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6.

7.

8.

9.
-n

Upconverter’1‘

UpConverter’2’

Solid State Power Ampliller’1‘

Solid State Power Ampl.it3er’2’

1 U. WaveguideSwitch

11.TransmitFilter

Testoutputs on the modulator and upconvertercomponent boxes shall be usedtoverify output signal
presence for these components.

4.1.6.2 FunctionalTest (FI’)

A functional test of the DAS Panel shall be performed to test command and data paths between
components and to exercise prime and redundant hardware. Test outputs on the modulator and
upconverter component boxes shall be used to verify proper functional operation of these
components.

4.1.6.3 Comprehensive Performance Test (CPT)

A CPT shall be performedto verify that the DASPanel meets the performancerequirementsin all
operational and contingency modes, as well as verifying all command and data paths and all
redundant hardware.

4.1.6.4 Interface Ver&ation Test (NT)

AnlVT shallbeperfoxmedto verify the properEquipmentModuleintetiaces to theSpacecraftBus.
It will verify all power,ground, and signal connectors are properly mated and that there is signal
presence on the properconnectors.

4.1.7 Formal Test Verification

Formal verillcation of the performance requirements of the DAS Panel Me in the Verification
Matrix, Attachment A. The Vefilcation Matrix identiles the test method as specifkd herein and
the level at which tests are conducted. The DAS Panel shall be tested according to the DAS Panel
Test Plan, PN20008571.

4.2 Quality Conformance Inspections

4.2.1 Method of Verification

4.2.1.1 Inspection

Inspection may be used to verify design and construction requirements, drawing compliance, or
specific physical dimensions of the equipment module. Inspection is a method of verifkation of
physical characteristics that determines compliance without the use special laboratory equipment

29
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procedms, test supportitems, orsexvices.Inspectionuses standardmeth&issuch as visual gauges,
etc., to verify compliance with requirements. Inspection also includes the review of design
documents,material lists, code, plans, etc., to verify that requirementshave been met.

4.2.12 Analysis

Analytical techniques may be use~ in lieu of testing, to verify compliance to specified requirements,
either alone or in combination with test. The selected techniques may inclu&, typically, system
enginetig analysis, statistics, qualitative analysis, analog modeling,and computer simulation.

4.2.1.3 Demonstration

Demonstmtion is a qualitative method of verification that evaluates the properties of the subject
equipment by observation. Demonstration is used with or without special test equipment or
instrumentation to verify required characteristics such as operational functioning human
engineering features, semice and access feattues, transportability,and displayed data.

4.2.1.4 Test

Test is a quantitative method of verification wherein performance requirements aR vefiled by
measurement-during and after the controlled application of functional and environmental stimuli.
These measurements may require the use of laboratmy equipmen~ recorded data, procedures, test
support items, or services.

4.2.13 Classification of Characteristics

ClassKlcationof characteristicsas critical, major or minor, shall be as defined in MIL-STD-109.

4.2.1.6 T@ Equipment

[1] Existing test equipment shall be used whexrwerpractical.

[2] Where new test equipment is required to test units which are physically or functionally
identical or similar, the equipment shall be designedto @mm its task(s) on each element
of that group, where practical.

4.2.1.6.1 Test Equipment Safety Features

[1] Test equipment shall incorporateany safety interlocks or other safetyfeatures necess~ to
reduce the introduction of safety hazards by the test equipment.

[2] Any safety feature included in any Spacecraft test equipment shall give a visual, audito~,
or electronic indication of activation when it is activated.

4.2.1.63 TestEquipment Verification

Unless otherwise specfled herein, test equipment used to measure (subsystem) performance
characteristics shall be capable of demonstratingthat

a. it will not impose environmentson the tested item(s) beyondthe levels called for in the
VerificationSpecification,PS20(K)5404,and
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b. it is capable of imposing the test levels called for in the VerificationSpecKlcation,
PS20005404.

c. it is capable of meeting all the requirements imposed on it by the Ground Support
Equipment RequirementsDocumenG20001430(GSERD)

4.2.1.63 Test Equipment Calibration

[1] EM Test equipment shall be calibrated in accordance with the Performance Assurance
Implementation Plan, 20005397.
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5 PREPARATIONFOR DELIVERY

5.1 General

Interior and exteriorshippingcontainersshall be markedin accordancewith the Identilcation and
Marking Sectionof the GIS (2008501).
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6 NOTES

6.1 Defi@ons

None

6.2 Abbreviations and Acronyms

BDU

BPSK

C&DH

CDR

CEI

end

dB

dBm

DAS

DB

DDL

DP

DSN

EAS

ECL

EIC

EIRP

EMC

EOL

EOS

EOS-AM

EPs

ESD

FDB

Amplitude Modulation

Bus Data Unit

Binary Phase Shift Keying

Commandand Data Handling

Critical Design Review

ContractEnd Item

Command

ComprehensivePerformance Test

Decibels

Decibels relative to 1 mW

Direct Access System

Dinxt Broadcast

Direct Downlink

Direct Playback

Deep Space Network

Elecrncal AccommodationsSubsystem

Emitter Coupled Logic

Electrical Integration and Test

Effective Isotropic Radiated Power

Electromagnetic Compatibility

End-of-Life

Earth Observing System

EOS–AM mission

Electrical Power Subsystem

Electrostatic Discharge

Fuse & Distribution Board
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GIS

GSE

GSFC

HCE

HDBK

HGA

Hz

i.e.

I

ICD

IF

I&T

lb

Mbps

MO

NA

NASA

NRZ-L

NRZ-M

Ps

PA

Pm

PAML

PAPL

PAR

PBSG

PDR

FunctionalTest

General Interface Specification

Ground SupportEquipment

GoddardSpace Flight Center

Heater Control Electronics

Handbook

High Gain Antenna

Hertz (cycles per second)

that is (id est)

In-phase Qmtion of QPSK signal)

Interface Control Document

Intermediate Fquency

Interface VerificationTest

Integration and Test

Kinematic Mounts

Pounds (mass)

MegabitsPer Second

Megahertz

Militq

Master Oscillator

Not Applicable

National Aeronautics and Space Administmtion

Non–Returnto Zero Level

Non–Return to Zero Mark

Probability of Success

Power Amplifier

Performance Assumnce ImplementationPlan

Program Approved Materials and Processes List

Progmrn ApprovedPaxtsList

Pefiomumce Assurance Requirements

Pseudorandom Bit Stream Generator

Preliminary Design Review
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PM

PMAD

Q
QPSK

RF

RD

SIT

SMA

SMS

sow

SQPSK

STD

SU-QPSK

SK

SE

TBD

TBR

TCS

TDRSS

Ufc

VSWR

w

WG

WSMCR

Xmit

Power Flux Density

Phase Modulation

Power Managementand Distribution

Quadratm (portionof QPSK signal)

QuadraturePhase Shift-Keying

Radio F~quency

RequirementsDocument

Set In Test

Sub MiniatureAdapter

Structuresand MechanismsSubsystem

Statementof Work

StaggeredQPSK

Standard

StaggeredUnbalanced-QPSK

Spacecraft

Subsystem

To Be Determined

To Be Reviewed

Thermal Control Subsystem

Trackingand Data Relay Satellite System

Telemetry

Upconverter

VoltageStandingWaveRatio

Watt (power)

Waveguide

WesternSpaceand Missile Center Regulations

Transmit

6.3 Exceptions to the GIS and GIIS

None.

6.4 RequirementsTraceabilityMatrix

RequirementsshowninSection3and4of thisspecificationwerederivedfromthe sourcedocuments
shown in the RequirementsTraceabilityMatrix, Attachment B (providedunder separate cover).
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APPENDIX I

10 ELECTRICALCONNECTORCONTACTASSIGNMENTS

TheEM connectorson the elecrncal connectorbracket shall be con.@uredas shown in Figure 8.

Circuit categoriesam (TBD-7).

PJN assignmentsare @’BD-8).
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ConnectorDesignation DXJO1 IConnectorIMnctiom Power input I
Part Number: 2Q034844PJ1B98N Connector~: 6pm CiIWk

Contact FunctionName Circuit Destination/Source
Number Category

1 DFDBA 120vPOS-1 DXJO1/Pw BuS

2 DFDBA 120VRTN-1 Pwr Bus/DxJol

3 DFDBA 120VPOS-2 DXJOIA?wrBUS

4 DFDBA 120VRTN-2 Pwr Bus/DXJOl

5 DEM FAULTGND A GNIYDXJO1

ConnectorDesignation: DXJ02 ConnectorFunction: Power input
Part Numbe~ 20034844PJ1B98A Connectorme: 6 pi~ circular

Contact FunctionName Circnit Destination/Source
Number Category

1 DFDBB 120vPOS-1 DXJ02 /Pwr bus
1 I I

2 DFDBB 120VRTN-1 Pwr bus/DXJ02 I1 I t

3 I DFDBB 120VPOS-2 I I DXJ02/Pwr bus I
I I I

4 DFDBB 120VRTN-2 I PWR bus /DXJ02 I
I 1 I

5 DEM FAUUTGNDB I GNIYDXJ02

ConnectorDesignation: PXJ03 IConnectorFunctioxx Heater Pos I
Part Number: 20038047PJ1A35N Connector&pe: 6 piq circnlar

Contact FunctionName Circuit DestinationEource
Number Category

1

2 ESA1 HTR A POS PXJ03/ESAl HTRA

3 ESA1 HTR A POS RTN ESA1HTR ALPXJ03
1 1 I

2 ESA2 HTR A POS I I PXJ031ESA2HTR A I
I 1 1

3 ESA2 HTR A POS RTN ESA2HTR MXJ03 I

ConnectorDesignation PXJ15 IConnectorFunction ESA TempTlm I
Part Number: 2OO4M15P1OO95A IConnectorType: 9 socket rectangular I

Contact FunctionName Circuit Destination/Source
Nnmber Category

1
1 1 I

2 ESA1 TemDA TLM I I PXJ15/ESAl HTR A
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IConnectorDesignation PXJ15 IConnectorFunction: ESA TempThn I
lPartN- 24)O4X15P1OO95A Connector‘I@x 9 socket rectaqdar
b
Contact Function Name Cimlit Destinatiotiouree
Number Category

3 ESA1 Temp A TLM RTN ESA1 HTR A/PXJ15

4 ESA1 CNTRLTHMS A POS PXJ15/ESAl HTR A

5 ESA1 CNTRLTHMS A RTN ESA1 HTR A/PXJ15

6 ESA2 CNTRLTHMS A POS PXJ15/ESA2H’Ill A

7 E&%2CNTRLTHMS A RTN ESA2 HTR AIPXJ15

ConnectorDesiition: PXJ16 Comeetor EYnctiom Heater Pos
Part Number: 2OO42415P1OO95A Connectorme: 9 socket rectangular

Contact Function Name Cimlit Destination/Source
Number Category

1

2 ESA1 CITI12LTHMS B POS PXJ16ESA1 HTR B

3 ESA1 CNTRLTHMS B R~ ESA1 H’II?B/PXJ16

4 ESA1 Temp B TLM PXJldESAl HTR B

5 ESA1 Temp B lUvl RTN ESA1 H’IR B/PXJ16

6 E!X2 TempA TLM PXJltYESA2HTR A

7 ESA2 fim~ A TLM RTN ESA2HTRA/PXJ16

ConneetorDesignation PXJ04 ConnectorFhnetion: HeaterPos
Part Number: X)038047PJ1A35A Connector‘&p: 6p@ circular

Contact Function Name Circuit Destinatiotiouree
Number Category

1
1

4 ESA1 HTR B POS PXJ04/EAS1 HTR B

5 ESA1 HTR B POS RTN ESA1 HTR B/IVU04

4 ESA2 HTR B POS PXJ04/ESAl HTR B

151 ESA2 HTR B POS RTN i I ESA2HTR B/PX.J04 I
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ConnectorDesignation:DXJ13

Part NurnbeE 2OO42415P1OO9PA

1::$2I FunctionName

1. CTIUl DBDUA ON CMD

2. CTIUl DBDUA ON CMDRTN

3. CTILJ1DBDUA OFF CMD

4. CTIUl DBDUA OFF CMDR~

5. CTIU2DBDUA ON CMD

6. CTXU2DBDUA ON CMDRTN
7. C’ITU2DBDUA OFF CMD

8. CI’IU2DBDUA OFF CMDR~

ConectorDesignation: DXJ14
Part Number: 2OO42415P1OO9PA

Contact FunctionName
Number

1. CllUl DBDUB ON CMD

2. CITU1DBDU B ON CMDRTN

3. C1’IUlDBDUB OFFCMD
4. CTIUl DBDUB OFF CMDRTN

1. CI’IU2DBDUB ON CMD

2. CITU2DBDU B ON CMDRTN

3. C’ITU2DBDUB OFFCMD

4. CTIU2DBDUB OFFCMDRTN

ConnectorDesignation: DXJ07
Part Number:20040889P1

Contact FunctionName
Number

I I DC&T BUS A STUB 1

c.
.

~ConnectorFunction: Cmd interface

ConnectorType: Rectq@ar (9 pin)
4

Cimuit Destination/Source
Category

DXJ13KI’IU1

cTlul/DxJ13

DXJ13/CITUl

CTIU11DXJ13

DXJ13KTIU2

CTIWDXJ13

DXJ131CTIU2

CTIU2/DxJ13

ConnectorFunction Cmd interhce

Comector me: Rectangdar (9 pin)

circuit Destination/Source
category

DXJ14/CTIUl

cTIul/DxJ14

DXJ14CITU1

CTIUUDXJ14

DXJ14/CTIU2

C’ITU21DXJ14

DXJ14/CTIU2

ClTU2/DXl14

ConnectorFunction: C & T BUS Interface
Connectorme: TRIAX 1553

circuit Destination/Source
Category

DXJ07/C&TBUSA
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c.

ConnectorDesignation: DXJll ConnectorFunction: ‘C& T BUS Interhce

Part NmnbeE 20040889P1 Connector~: TRIAx 1553
e ~ -~

Contact Fhnction Name Cirmit DeatinationEource
Number category

DC&TBUS A STUB2 DXJ1l/C&TBUS A

ConnectorDesignation: DXJ08 ConnectorFunctiom C & T BUS Interfhce

Part Number: 20040889P1 ConnectorType: TRIAx 1553

Contact Function Name Cimuit DestinationSource
Number category

DC&TBUS B STUB 1 DXJ08/C&TBUS B

Comector Designation: DXJ12 ConnectorFunction: C & T BUS Interhce
Part Number: 20040889P1 Connectorljpe: TRIAx 1553

Contact - Function Name Circuit DesiinationBonrce
Number category

DC&TBUS B STUB2 DXJIZC&TBUS B

ConnectorDesignation: DXJ05 ConnectorFunction: C & T BUS Interfkce
Part Number: G2R52 Connector‘I@e: SMA Jack

Contact Fbnction Name Clnmit Deati.nationBource
Number Category

I 1 —
I

I DAS1 IF SIG I DXJ05/DASModulator I

IComector Designation: DXJ09 IConnectorFunction: C & T BUS Interface I
Part Number: Connector~: SMA Jack

Contact Function Name Circuit D@ination/Source
Number Category

DAS1 LO SIG DXJOYDASModulator

IConnectorDesignation DXJ06 ConnectorFunction: C & T BUS Interface
Part Numbe~ Comector Type: SMA Jack

l::% I Function Name
I

Cinmit Desthlation/Source
Category I

I I

I I
I

DAS2 IFSIG I I DXJ06/DASModulatox2 I
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ConnectorDesignation: DXJ1O IConnectorFunction: C & T BUS Interface I
IPart Numbe~ lConnector~: SMAJack

I
b

Contact I FunctionName I Cimuit I DestinationEource I
Number Category

DAS2 LOSIG DXJIO/DASModulator2
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Toachievethe 7.5year missionlife with a perigeealtitude of550 km, the EOS-AM spacecraft with

the nominal dry mass and with the (4-2) 5.0 lbf thruster configurationin primaxyoperationalmode
requires 654.5Ibmof hydrazine. If the spacecraft@ mass is increased to its maximum (including
contingencies),the spacecraft requires 723.5 lbm of hydrazine. If only two 5.0 lbf thrusters are
operational(backupmode)for the nominal dry mass, the spacecraft requires 5.79 lbm of hydrazine
from the 10% propellant margin allotted for primary operation mode to meet the mission
requirements.

The propellant load has increased 4.3 lbm for the nominal mass and decreased 14.0 lbm for the
maximum mass (including contingencies) ilom the previous budget (Wfenmce 1). The main
changes to the spacemft since Reference 1 anx

● The solar may has decread to 478 ft2from 600 ft2.

. Thenominaldrymasshasincreasedto9059.2lbmfrom 8708.1lbm

● The initial propellant pressure is 360 psi, down fkom400 psi. -

. The thrustercon@ration is (4-2) ratherthan(4+4).

● The maximumkl) is 227 SW,iIIS~ of 230 sec.

. The initialtargettedinclinationis 98.224deg, instead of 98.201deg.

Therequiredpropellant loadcouldbedecnmsedfmherby applyinganyofthefollowingreductions
one,optimizetheorbitascentburn$ two,tightenthe launchwindow three,rdax the 10%propellant
_ mtim~~ and four, reestimatedthe averageatmospheric density (cun’ently2.6445E-13
kg/m3).

2 OVERVIEW

This document includespropellant budgetsfor three cases: one, the spacecraft@mass is equal to
the current best estimate mass, and all four thrusters are operational two, the spacecmft dry mass
is equalto the maximummass,and allfour thrustersare operational and three, the dry mass isequal
to the current bestestimate mass, and two thrusters (backup mode) are operational. This propellant
budget is an update of the propellant budget of Reference 1. All of the mission details and
assumptions outlined in Sections 2.1.1 and 3 of Reference 1 still apply. The spacecraft and
propulsion systemdetails and assumptions follow.

2*1 SpacecraftAssumptionsand Specifications:

Critical details and assumptions about the EOS-AM spacecraft conf@ration ax

. 9059.2Ibm nominal spacecraft dry mass. (Reference 2)

● 10300.0lbm maximum spacecraft dry mass - margins and contingencies.
(Reference2)
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● Updated spacecraftcenter of mass as per Reference 3. “

. Updated disturbancetorques. (See Tables III and IV)

. 478 ft2 GaAs solar array. (Reference 6)

. 3% total propellantunusableresiduals at end-of-life. (sameas Reference 1)

. 10% propellantmargin. (same as Reference 1)

2.2 %optilon System Assumptionsand Specifications:

Critical details and assumptionsabout the EOS-AM propulsionsystem am:

. (4-2) 5.0 IbfREA configuration,each canted 4.0°. (Reference4)

. Six (6+6) 1.0lbf REA conjuration. (same as Reference 1,Reference 4)

. Updated 5.0 lbf REA and 1.0 lbf REA ISPand thrust levels. (Reference 5)

. 360 psi initial propellant pressure. (Reference9)

● Monopropellantpropulsion system. (same as Reference 1) -

. One propellant tank, total volume of 28,149 in3. (same as Reference 1)

● No repressurizationof propellant tank. (sameas Reference 1)

. In-tank propellant temperature is constant at 528°R. (same as Reference 1)

3 ORBIT ACQUISITION AND NMNTHWNCE

The missiondescriptionis the sameas in Section3,Reference 1,andis dividedinto orbit acquisition
and orbit maintenance. The ACS duty cycle is 4.7% for all maneuvers. The minimum pulse width
required of the ACS thrusters is 48 msec over a period of 1024msec (Reference 8), which gives a
dutycycle of 4.7%. The thrusterswill usuallybe on morethan 48 msec,but the minimumdutycycle
gives the worst case Isp value.

3.1 Orbit Acquisition

The orbit acquisition sequence and requirements are unchangedfrom Section 3.1 of Reference 1.
The updates in the spacecraft mass properties (References 2 and 3), the disturbance torques (see
Tables III and IV), and the IsP and thrust levels for the 1.0lbf and 5.0 lbf REAs (Reference5) have
changed the propellantuse requirements. The orbit acquisitionsequencefor each of the three cases
is shown in the detailed propellant budgets (Tables VI, VIII, and X) and is summarized in Table I
below.
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TableL AV and Pmpeliant Use Requirements for Orbit-Acquisition

Mission Step Nominal Maxinwn Backup

EarthAcquisition 0.35 lbm hydr 0.39 lbm hydr 0.34 lbm hydr

Perigee Raising
(2 b~+pri.mmy, 4 bums-backup) 131.86f~= 131.86ftisec 131.86Wsec

ComectInclination 42.98 Wsec 42.98WSW 42.98 fth~

Orbit Trim 22.61 ftkc 22.61 ftkc 22.61 ft/StX

RSSof30 YawDispersions 5.26 IVsec 5.26 ftklw 5.26 WSW

AcquisitionDrag Makeup 0.62 ft/SeC 0.62 ft/SeC 0.62 ft.kc

Angular Momentum Unloading 117.00lbf-sec 117.00lbf-sec 117.00lbf-sec

Attitude Conlrol 11.26lbm hydr 13.39Ibmhydr 16.27Ibm hydr

3.2 Orbit Maintenance

The requireddrag makeupAVdependson the missionduration,levelof solaractivityover mission,
the average drag area, and the spacecraft mass. (See Appendix 1 of Reference 7.) The AV
requirement for drag makeupdecreasedsince the solar array areadecreased. The solar area has an
area of 44.4 m2,and the averagea.my area throughoutorbit is 28.27m2. The total on-orbit average
area is 38.3 m2(assumingthe spacecraftstru- accountsfor 10m2ofdmg area), downfrom 45.5
m2in Reference 1. Using the equation in Appendix 1 of Reference7 and an avemge atmospheric
density of 2.6445E-13 kg/m3,the predicteddragon the spacecraftis 143153.1lbm-ftkdyr. The
drag makeupAVrequired in that year is the above value dividedby the spacecraftmass at the start
of each year.

The total inclinationadjustis 135505 Wsec. Attachment1containstheanalysisperformedto derive
the required inclination adjust velocity. The analysis assumes an initial targetted inclination of
98.224 deg. as opposed to the sun-synchronous inclinationof 98.201deg.

The inclination yaw dispersionand eccentrici~ correction velocities are unchangedfrom Section
3.2 of Reference 1, but the updates in the spacecraft mass properties (Reference 2 and 3), the
disturbance torques (see TablesIII and IV), and the ISPand thrust levels for the 1.0 lbf and 5.0 lbf
REAs (Reference 5) have changed the propellant use mcpi.rements. The orbit mtiten~ce
requirements for each of the three cases, including angularmomentumunloading, are shown in the
detailed pro@lant budgets (’TablesVI, VIE, and X) and are summarizedin Table IL

3 DCC072393
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TableIL AV and PropellantUse Requirements for Orbit Maintenance

Maneuver Nominal Maximum Backup

Drag Makeup (Average) 15.40ftlsec 13.56 tiSeC 15.50fthec

Inclination Adjust 92.53 Mec 92.53 IVsec 92.53 ft/SeC

30 Inclination YawDispersion 4.72 fthec 4.72 #see 4.72 ftk.c

Eccentricity Correction 3.64 ft.hec 3.64 ft.kec 3.64 ftkec

Attitude Control 17.25lbm hycir 20.07 lbm hydr 20.72 lbm hydr

4 ATTITUDE CONTROL

The attitude control systemis unchangedfiom that of Reference 1. The initial earth acquisitionand
themomentumunloadingarecalculatedas inReference 1. The torquerequiredfkomtheACS during
AV manuevershas changed. The AVthruster conf@mtion is a (4-2) ccmf@uration,instead of a
(4+4) conf&uration (Reference 5), and the center of mass (Reference 3) has moved from that of
Refexence1. Thus, the disturbancetorques produced by the AV thrusters and the available torque
from the ACS thrusters are different. The RSS disturbance torques produced by firing the AV
thrustersare listed in TablesIII andW fm @nary and backup modes,respectively. Note that with
only two thrusters ftig, the backup mode has smaller disturbances on pitch and yaw. The roll
disturbancesare bigger for the backupmodedue to the center of gravity (CG)oiYse~The CGoffset
terms cancel on the roll axis when all four thrusters f=, but add when only two thrusters fm.

TableIII. DisturbanceTorquesdting AV Maneuvers - Primary Mode

Voof life completed RoU@LlbI Pitch @-lbj) Yaw&t-f.lf)

o 0.227 1.961 1.998

10 0.215 1.978 1.963

20 0.202 1.975 1.913

30 0.188 1.949 1.847

40 0.174 1.898 1.763

50 0.158 1.820 1.660

60 0.142 1.712 1.535

70 0.124 1.570 . 1.386

80 0.105 1.391 1.210

90 0.085 1.172 1.005

100 0.063 0.906 0.767
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The propellant neededfor the ACS thrusters to counteractthe disturban& torques depends on the
bum-time of the AV thrusters, the ISPof the ACS thrusters,and the effective moment arms. The
ACSthrusterbuxntimeis equal to theAVburntimemultipliedby theratio of the disturbancetorque
to the availabletorque. Themassof propellantneededis then equalto theratio of the actualimpulse
to the specific impulse. The following equation (Reference 1) summmizes the calculation.

n=
Q g lSP

Where:
n = Propellantused for ACS. (lbm)
h = Propellantused for AV maneuver. (lbm)
a - Spacecraftaxis (RoILPitch, and Yaw,respectively).
d. - Disturbance about axis a. (ft-lbf)
r,= Effectivemoment arm of ACSthrusters for axis a. (ft) “
Q= FIow rate of propellant through AV thrusters. (slugsJsa)
g = Earth gravity constant (32.174ft/sec2).
ISP- Specific impulse of ACS thrusters. (see)

When the pitch ACS thrusters are fua a small roll torque also nx.dts. TM roll torque is added
to the roll disturbancetorque created by the AV thrusters for worst case. me coupled roll tonque
that results when firing the ACS pitch thrusters was not included in the pmwiousanalysis.

TableIV. D~bance Torquesduring AV Maneuvers- Backup Mode

Voof life completed Roll (ft-lbfi Pitch (/W@ Yaw(fUbfl
o 0.291 1.395 1.420

10 0.276 1.381 1.381

20 0.259 1.357 1.332

30 0.242 1.319 1.274

40 0.223 1.267 1.205

50 0.203 1.200 1.125

60 0.182 1.116 1.032

70 0.160 1.013 0.925

80 0.135 0.889 0.802

90 0.109 0.742 0.661

100 0.081 0.569 0.502

.
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5 PROPELLANT BUDGETS

TablesV through X are propellantandAVbudgets for the EOS-AM spacecraft. TablesV,VII,and
IX axesummariesof the detailedbudgetsin TablesVI, VIII, and X. TablesV and W are the budgets
for the nominal injectionmass in primary operational mode. Tables VII and VIII are the budgets
for the maximuminjectionmass in primaryoperational mode. Tables IX and X are the budgetsfor
the nominal injection mass in backup operational mode.
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Table V: EOS-AM Budget summary Nominal Load 7122193

Spacecraft Dry Mass:
Pressurant Load:
Initial Hydrazine Load:
Spacecraft Injection Mass:
Injection Orbit Perigee Altitude:

IManeuver

A/C Before Orbit Acquisition
Orbit Acquisition Burns
Acquisition drag makeup

Acq. Momentum Unload

On Orbit Drag Makeup
Inclination Adjust
Eccentricity Correction
Momentum Unloading

Residuals
10% Propellant Margin

ITotals/ Average

9,059.2 Ibm
1.5 Ibm

654.5 Ibm
9,715.1 Ibm

550.0 km

Delta-V
ftlsec

20~.71
0.62

115.39
97,25

3.64

—

419.61

Hydrazine
Ibm

0.35
277.93

0.85
0.59

156.59
131.92
4.88
4.51 .

17.33
59.50

654.45

AV !Sp

sec

224 ~ 227
224

221 - 224
222 - 223

221

—

224

ACS kfl

sec

209 - 209
202 - 209

202
202

199 - 202
200 - 201

199
199

—

202

r
,,,,



Tablo Vl: EOS-AM Propellant Budgat Nominal Load 7122{93

I I Spacecraft I I Initial I Initial SC I Initial

b

Initial
Dry Mass I Praasurant I Hydrazine Mass !Proasure Temp._

“R
52’8

Ibm Ibm Ibm ibm psl

9,059.2 1.5 654.5 9,715.1 360

I

ACS Duty Dalta.V ACS Delta-V Prop ACS Prop. Hydrazine

f’~

~ydrazine S~cecraft
Delia-V cycle ISP ISP Required Required Uaad Remalnin

Yaar Maneuver ttlaec % Seconds Seconds ibm ibm Ibm Ibm

I Earth Acquisition ! 4.71 ! 209.51 ! o.35~ o.35~ 654.111 9,714.8

I I I 1 1 1 I I 1

Initial Conditions
——

0.00 360 52fj
0 A/C Initial o 366 528
0 5 km Aa dispersion 8.850 4.7 227.1 209.5 11.79 0.39 12.52 641.93 9,702.63 360 528

0 Raise Perigee 67.860 4.7 226.9 208.9 90.01 3.02 105.55 558.91 9,609.60 348 528

0 Raise Pttrigee 55.130 4.7 226.0 205.6 72.77 2.84 181.15 473.30 9,5ZO0 286 528
0 Correct Inclination 42.960 4.7 225.2 203.8 56.53 2.38 240.06 414.39 9,475.09 2i5 528
0 Trim (2 Burns) 22:610 4.7 224.6 202.7 29.67 1.35 271.07 383.39 9,444.08 218 528
0 RSS 3“ Yaw Dispersions 5.260 4.7 224.? 202.2 6.90 O,ti 278.28 376.17 9,436.87 266 528*
o Acqul TZ6 4,7 224.2 202.1 0:81 0.04 279.13 375.32 9,436.02 205 528
0 Acq. Momentum Unload 4.7 202.1 . 0.59 279.72 374.73 9,435.43 205 520

I

Iisition drag makeup I 0,(

1 Drag Makeup 15.172 4.7 224.2 202.1 19.87 0.90 300.49

2 Drag Makeup

353.96 9~14,66 205 528
15.205 4.7 224.0 201.8 19.89 0.92 321.31 333.15 — ‘--9,393.8! 199

3 Drag Makeup

520
15.239 4.7 223.8 201.5 lg.91 0.92 342.13 312.32 9,37301

4 Drag Makeup
lti 528

15.273 4.7
_ ..—

223.6 201.2 19.93 0.94 363.00 291.45 9,352.14 13? 5Z3
4 Inclination Adlust 92.53 4.7 223.4 201.0 119.94 5.61 488.55 165.90 9,226.60 lfi 528

4 3°1nclination Yaw dispersion 4.718 4.7 222.1 199.7 6.10 0.27 494.92 159.53 9,220.22 1:% 5~8

5 Drag Makeup 15.526 4.7 222.0 199.7 20.06 0.89 s15.8g 138.58 9,199.27 154 526

6 Drag Makaup 15.561 4.7 221.8 199.5 20.08 0.84 536.80 117.65 9,178.35 150 526
597 4.7 221.6

—-
199.3 20.10 0.86 557.77 96.69 9,157.38 “- :-147 528

I.a IA q.j mtmwp ,.816 4.7 221.4 199.2 10.07 0.40 568.24 86.22 9,146.91 144 ~28

7.5 Eccentricity Correction 3.642 4.7 221.3 199.1 4.69 0.19 673.12 81.34 9,142.03 142 ‘ 528

7.5 Momentum Unloading 4.7 199.1 4.51 677.63 76.82 9,137.52 142 528

TOTAL 549.12 28.51
, ,,

I 7 lDrag Makeup I 15.
- e In--- A#-I---- 7

. I I i 1 I . . --- I 1 --..-- --, -- 1

I 1 1 t I 1 1

flesidual~ 17 ml 5QA Qfii 59.5ni 9,120.19 —

10% Propellant Margin I I I 59.501 I 654.451 0.001 9,060.70



Table Vll: EOS-AM Budget Summary Contingency Load

Spacecraft Dry Mass: 10,300.0 lbm
Pressurant Load: 1.2 Ibm
Initial Hydrazine Load: 723.5 ibm
Spacecraft injection Mass: 11,024.7 Ibm
injection Orbit Perigee Altitude 550.0 km

Maneuver Deita-V Hydrazine AV isp ACS iSP

fttsec Ibm sec sec

A/C Before Orbit Acquisition 0.39 209
Orbit Acquisition Burns 20;.71 316.42 223 ~ 227 201 “ 209
Acquisition drag makeup 0.62 0.97 223 201
Acq. MomentumUnload 0.58 —

On Orbit Drag Makeup 101.62 158.56 219 - 223 200 - 201
Inclination Adjust 97.25 151.57 220 - 222 198 - 200
Eccentricity Correction 5.63 219 198
Momentum Unloading 4.43 198—

Residuals 19.16
109’oPropellant Margin

—
65.77 — —

Totais/ Average 402.20 723.49 224 201

7122/93
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Table Vlll: EOS-AM Propellant Budget Contingency Load 7122193

Injection Spacecraft Initlai Initial SC initial Initlai.—
Orbit Dry Mass . Hydrazl;ePressurant

—.——. —————
Mass Prea~ Temp.

Per~
—-— -

Ibm Ibm Ibm Ibm —@- .J!l-
550 (Prior to First Orbit Acquisition Burn)

—— ——
Io,iio. o 1.2 723.5 11,024.7 360 528—— .——

ACS Duty Delta-V ACS Deita-V Pro—p ACS Prop._ Hydrazine

* “Y

——..—
Hydrazintr Spacecraft

Delta-V Cycie - tsP ISP Reqyired Required Used Remaining Mass Press. Temp.

fear
—. ———...———

Maneuver ftlsec
——. —— ..—— — .

%’0 Seconds Seconds Ibm Ibm Ibm Ibm Ibm Dsi “R———

Initial Conditions 0.00 723.49 11024.70— — —. :—-—— II 3601 52[

m (2 Burns) I 22.4

3° Yaw Dlsoarsions I 5.2601 4.71 2



Table IX: EOS-AM Budget Summary Backup AV Mode 7122193

Spacecraft Dry Mass:

Pressurant Load:
Initial Hydrazine Load w/o Margin:

Injection Mass w/o Margin:
Injection Orbit Perigee Altitude:

A/C Before Orbit Acquisition
Orbit Acquisition Burns
Acquisition drag makeup
Acq. MomentumUnload

On Orbit Drag Makeup
Inclination Adjust
Eccentricity Correction
Momentum Unloading

Residuais
Nominai 10% Propellant Margin
Propellant Used from Margin for BackuF

lotais/ Average

9,059.2 Ibm
1.7 ibm

600.7 ibm
9,661.7 ibm

550.0 km

Deita-V
ftlsec

20~.71
0.62

—

116.12

97.25
3.64

—

—

420.34

Hydrazine
ibm

0.35
281.61

0.86
0.58

157.93
132.69

4.84
4.40

17.50
59.50
5.79

654.46

sec

225 ~ 227
225

222 - 225
223 - 224

222

—

225

ACS h3p

sec

209 - 209
203 - 209

203
203

199 - 203
199 - 201

200
200

—

203

P

,,,,



Table X: EOS-AM Propellant Budget Backup AV Mode 7122193

Initial SC Initial
Mass Pressure
Ibm psi

9,661.7 360

Initiai——
m

OR

528

1 I 1 1 ,

I I +——————t—————i ~t—————

—.
ACS Dtq Delta-V

———— -—— —-- ..— .——
ACS Delta-V Prop ACS Prop. Hydrazhm H@razino Spacecraft

DolIa.V
— .—

Cycle ISP ISP Required Required !hed Remaining Mom PreS9. lemp~
fear Maneuver !tlsec ?’0 Secotrds Seconds lbm Ibm Ibm Ibm Ibm pei “R

1 1 I I 1 I I
[I@lal Conditions — I _— oc’oi~!!!!

I -1
—:>6 36”0“ 52_. —-

0 IRSS 3°Yaw Dlspersiorw I 5.:

IUIAL “T”. -” OU. au — .—

Residuals 17.50 1 600.75 0.00 9,060.91

Nominal Propellant Margin “

.——

59.5

Propellant Used from Margin for Backup 5.79
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interoffice Memo
-.

EOS - GN&C -294

To: Terry Ford MS: NP-2G &t: 8*776-2461

From P. E. J~~ MS: NP-2L a: 8*773-7136

Dufe: 28 July 1993

Re: Determinationof Worst CaseAVRequirementfor InclinationChangeManeuversfor EOS

Introduction

Thismemo is an update to GN&CMemo 282 bearingthe sametitle. The purposeof this study was to find
the maximumAVnecessary to con’cctthe EOSAM inclinationso that the descendingnode alwaysremainsin
the 10:30AM k 15minuteMeanLocalTiie (MLT)window.his wasaccomplishedbyselectingthetwo
worst possible combinationsof initialinclinationand initial node placemerx findingthe resultantAVSand
thenbiasingthe target inclinationhighto equalizethe AVcorrho~ for both,and thus minimizetheAV
requirmxax The cases chosenwere as follows:

Case 1.

At orbit injcztioxuthe descendingnode is positionedat the 10:15AM western MI-Tboundary. Althoughthe
targetorbit inclination is 98.201°,the injectionorbit inclinationis the -~ value98.101°.Thus, the nodeis
alreadydrifting to the westout of the MLT window.This requires an immolate inclinationcorrecdonof
AV1.The fit correctionmust raisethe inclinationto a valuewhichcausesthedriftof thenodeto reverseand
pro~ss mwd * east- boundary,stopatthe 1045AM point and then IWurnto the western bmndary.
At b point the reclinationis kreased once again by a ticient amount AVZsuchthat the node drifts
towaxi the east reverses and mums to the western boundaryjust as the missionends after 7.5 years.For
Case 1, the total AVnemsaxy to maintainthe descendingnode within the MLTwindowis 42.3 mcterdsec
withoutassuming a launchvehicletarget inclinationbias.

Case 2.

At orbit injection, the descendingnodeis positionedat the 10:45AM easternMLTbounda!y.Althoughthe
targetorbit inclination is 98.201°,the injection*it inclinationis the +36 value98.301°.Thus the nodeis
tig~toftic ~Ttiwm-ti=~tig ~~tion AVlm_~e
inclinationto is~~ = 98.201° The node then drifts back to the westernbcmdary where a sccundreclination
correctionAVZcauses the node to drift back to the eas~ reverse, and return to the western boundq just as
the mission ends after 7.5 yam. For Case Z the mM AVn=s~ to ~~ ~ d~nding n~ wi~
the MLT window is 36.3meterdsec withoutassuminga launchvehicletargetinclinationbias.

Summary

By targeting the launch vehicle injection inciimtion to be 98.201° + 0.023° = 98.224°, the total AVfor both
Cases 1 and 2 equalize to the same value, 393 meterskc. Results arc summsrki in Table 1. It can be
shownby logic that any other intmmediatesetof conditionsof node locationbetween 1015AM and 1045
AM m inclination in the range 98.224*0.1 degreewill yield a smallervalue of AV.The Wertaiqinthe
accuracyof the solar pmxbadon equationsused to obtain these results is csdmated to be k5%.Tl’ie
recommendedtotal AVis thus 41S meterskc.

1



c.

Technical Comments
.

ProgramSUN.SYNCH tittcn by Joe Herbergcalculates the effect of the solar perturbationon the orbit at
each userdefined time step. SUN_SYNCHwas run for the above input conditionsfor Cases 1and 2 using
the equationsin Reference 1and the basicequationfor secular inclination drift below.

*=*( 1+ eosi,)2 sinio sin2Q=

whenx

N = number of tilts per day= 14.5625

q = SpXtit mean motion=
i

& = 0.~106 /Se~.

a3

I.LS= solar gravitational constant= 1.327E+11kms/secz

r~ =meandistance tosunfiom Earth eenter

iO= initialsatelliteinclination

&= o’clockangle = -22.50”for 10:30AMdescendingnode

is= solarobliquity= 23.44°

The following comments are presented as backgroundinformation for this study.

When the inclinationis 98.201”= is~~, the orbit is sun-synchronousand the node is stationaryrelative to
the MLTwindow. (This assumes that the semi-majoraxis is also at the synchronousvalue).

When the inclination is higher than 98.201°,the node will drift east toward the 1045AM MLT boundary.

Whenthe inclination is below98.201°, the nodewill drift west toward the 1015AM MLT
boundary.

The ortit inclination slowly demeasesdue to solar pemrbadons. In other words, the orbit inclinationis
tendingto become mm polar and thus the nodal regression rate is slowingdown The result of the solar
permrbationis a constant componentof nodaldrift toward the western 1015 AM MLT boundaxy.
Inclimtion dispersion at orbit injection is assumed to be * 0.1°36.

2
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Technical Comments Cent’d

Figure 1 (Case 1),and Figure2 (Case2) showthe variationin the mean local time of the descending
nodeand the orbit inclinationthroughoutthe 7.5 year mission life. The cumes are based on outputsfrom
SUN_SYNCHusing an integrationtime step of one day. In Figure 1, the injectioninclination(either98.10
or 98.124°)has already beencomectedat the start of the mission to 98.306°. In F@re 2, the injection
inclination(98.301°or 98.324°)has alreadybeencorrectedat the start of the mission to 98.2000.

TheAVnecessaryto changetheinclinationbyAiis givenby

AV= 2V*sin(Aij2) v isorbitalvelocityin Icm/sec

AV = 2*7.5044*sin(Ai/2)*1000= 131Aimeters/see for small Ai in degrees

TheAVSnecessq to performthe inclinationcomction can be calculatedfrom the valuesof inclination
taggedin Figures 1 and 2.

For Case 1 witha target inclinationof 98.224°, AiI= 98.306°-98.124° = 0.182°, AVI = 23.84mhec
Aiz= 98.212°-98.094° = 0.118°, AV2= 15.46m/see

AV~N = 39.3rnhx

For Case 2 with a target inclinationof 98.224°,Ail = 98.324°-98.2000 = 0.124°, AVI = 16.24mfsec
Aiz= 98.2700-98.094° = 0.176°, AV2= 23.05 mb

AVTUTAL= 39.3mkc

Table 1

Target Injection Initial Node Initial Av
Inclination Inclination Location Correction

meterakec

1 98.2010 98.101° (-3 sigma) 10:15 AM 26.84
2 98.2010 98.301” (+3 sigma) 10:45 AM 13.24

1 98.224° 98.124” (-3 sigma) 10:15 AM 23.84
2 98.224” 98.324” (+3 sigma) 10:45 AM 16.24

Final AV
Correction
meterskec

15.46 @ 6.83 yr
23.05 @ 3.41 yr

15.46 @ 6.83 yr
23.05 @ 3.41 yr

Total A
Correcti
meters/

42.3
36.3

39.3
39.3
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PROGWU4 5:N_5YFJC2

c compuces xorsc case delta_v for ~ncliriation correction eve:
c life of eos am. written by joe nerberg on 7/15/93.

c

10:15 am = -2G.z5 deg -.

10:30 am = -22.50 deg
c 10:45 am = -18.75 deg

implicit none

real*8
real*8
real*8
real*8
real*8
real*8

j2, re,a,we,2i
a,e, incl,node,node rate, iricl rate
ss incl, ss_node, ss~node_rate7node_error
tifie,time_step, time_limlt, tixne_llrnit_in_Years
orbits per_day,mean_motion, us,rs,~s
sun_no~e_angler o_clock_an91e~ incl_ rate_dpy, hour

c ************** ********** start initialization ************** **********

c

c

c

c

c

c

c

open (unit=12,status=’ new’ ,file=’ sun_synch.out’ )

set constants

j2 = 0.001082626076d0
re = 6378.137d0
u = 398600.436d0
we = 0.0041780742163d0
pi = 3.141592653589793d0

set sun synchronous orbit elements.

a = 7081.131457d0
e = 0.0012d0
ss_incl = 98.2d0

compute solar gravity parameters.

orbits_per_day = 86400.0dO/(dsqrt(a**3/u) *2.OdO*pi)
mean motion = dsqrt(u/a**3)
us =–1.327dll -
rs = 149600856.OdO
is = 23.44d0

read time input data.

write(6, *) ‘enter time
read(5, *)tlrne_SteP

write(6,*) ‘enter time

step in days’

limit (years)’
read(5,*)time limit in years
time limit = ~ime_l~mi~_in_years*365 .25d0—

set initial time

time = O.OdO

set sun synchronous node rate and node

ss node rate = 360.0dO/365.25d0
ss~node—= -22.5d0

initialize node and inclination

write(6,*) ‘enter initial inclination (degrees) ‘
incl



‘write (6, *) ‘enter ir.izial node (degrees) ‘
read (5,x)node

*****%******** ********x** end initialization ****C******** *X*%X******
-.

do while (time.it.:ime_limit)

compute node rate (deg/day)

node rate = -l.5dO*j2*dsqrt(u/ax*3) *(re/a/(l.0dO-e**2) )**2
$*dco=(incl*pi/180.0dO)*180 .OdO/pi*86400.OdO

compute inclination decrease rate (deg/day)

sun_node_angle = ss_node + 22.5d0

o_clock_angle = node - sun_node_angle

hour = 10.30 + (node_error/3.75)*15./100

incl rate = 3.0dO/8.0dO*orbits per day*pi/mean motion**2*
$us/r~**3*(l.OdO + dcos(is*pi/1~0.0~O))**2*dsin~incl*pi/180 .OdO)*
$dsin(2.OdO*o_clock_angle*pi/180 .0dO)*180.OdO/pi

update node error and inclination

ss node = ss node + ss_node rate*time_step
no~e = node” ~ node_rate*tim~_step

node error = node - ss node

incl = incl + incl_rate*time_step

time = time + time_step

incl_rate_dpy = incl rate*365.25d0

write( 6,100) time,node_rate, incl rate_dpy,node_error, incl, hour
write(12, 100)time,node rate,incl—rate dpy,node error,incl, hour

00 format (3x,f6.l,3x,f8.6T3x, f9.6,3=, f10~6,3x,f9.~,3x, f10.6)

end do

close(12)

stop
end


