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i PREFACE

The extension phase of the Orbital Service Module (OSM) Systems Analysis Study

was conducted to further identify Power Extension Package (PEP) system con-

I cepts which would increase the electrical power and mission duration

I capabilities of the Shuttle Orbiter. Use of solar array power to supplement

the Orbiter's fuel cell/cryogenic system will double the power available to

! payloads and more than triple the allowable mission duration, thus greatly

improving the Orbiter's capability to support the payload needs of sortie mis-

sions (those in which the payload remains in the Orbiter).

To establish the technical and programmatic basis for initiating hardware

development, the PEP concept definition has been refined, and the performance

capability and the mission utility of a reference design baseline have been

examined in depth. Design requirements and support criteria specifications

have been documented, and essential implementation plans have been prepared.

Supporting trade studies and analyses have been completed.

The study report consists of 12 documents:

Volume 1 Executive Summary

Volume 2 PEP Preliminary Design Definition

I Volume 3 PEP Analysis and Tradeoffs

Volume 4 PEP Functional Specification ]1
1 Volume 5 PEP Environmental Specification

Volume 6 PEP Product Assurance

Volume 7 FEP Logistics and Training Plan Requirements

i Volume 8 PEP Operations Support

Volume 9 PEP Design, Development, and Test Plans

,1 Volume 10 PEP Project Plan

Volume I] PEP Cost, Schedules, and Work Breakdown Structure Dietlonary|

I Volume 12 PEP Data Item Descriptions

I
iii
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I, FOREWORD

i The POwer Extension Package (PEP) is a solar electrical power generating sys-
J ternto be used on the Shuttle Orbiter to augment its power capability and to

conserve fuel cell cryogenic supplies, thereby increasing power available for

payloads and al)uwing increased mission duration. The Orbiter, supplemented by

PEP, can provide up to 15 kW continuous power to the payloads for missions
of

" up to q8 days duration.

i When required for a sortie mission, PEP is easily installed within the Orbiter '
cargo bay as a mission-dependent kit. When the operating orbit is reached, the

PEP solar array package is deployed from the Orbiter by the remote manipulator

system (RMS). The solar array is then extended and oriented toward the sun,

i which it tracks using an integral sun sensorlglmbal system. 1_e power gener-
ated by _ne array is carried by cables on the RMS back into the cargo bay,

where it is processed and distributed by PEP to the Orbiter load buses. After

the mission is completed, the array is retracted and restowed within the
Orbiter for earth return.

The figure below shows the PEP system, which consists of two major assem-

blies -- the Array Deployment Assembly (ADA) and the Power Regulation and Con-
trol Assembly (PRCA) -- plus the necessary interface kit. It is nominally

installed at the forward end of the Orbiter bay above the Spacelab tunnel, but
can be located anywhere within the cargo bay if necessary. The ADA, which is

deployed, consists of two lightweight, foldable solar array wings with their

containment boxes and deployment masts, two diode assembly interconnect boxes,

a sun trackerlco.trolllnstrumentation assembly, a two-axls glmbal/slip ring

assembly, and the RMS grapple fixture. All these items are mounted to a sup-

port structure that interfaces with the Orbiter. The PRCA, which remains in

the Orbiter cargo bay, consists of six pulse-wldth-modulated voltage regula-

r.orsmounted to three cold plates, three shunt regulators to protect the

Orbiter buses from overvoltage, and a power distribution and control box, all

mounted to a support beam that interfaces with the Orbiter.

PEP is compatible with all currently defined missions and payloads and imposes
minimal weight and volume penalties on these missions. It can be installed and
removed as needed at the launch site within the normal Orbiter turnaround

cycle.
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Section 1

SCOPE

Thls document defines the functional performance, design and test require-,+

ments for the Orbiter Power Extension Package (PEP) System and Its associated

ground support equipment (GSE),

+_
,+

++
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i Section 2
APPLICABLE DOCUMENTS

2.I GOVERNMENT DOCUMENTS

The following documents of the exact issue shown form a part of this

specifieatlon 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 be considered a superceding requirement.

Specifications:

MSFC-SPEC-5,]4A I Nov 77 Welding, Aluminum Alloys

Standards:

MIL-STD-129H 3 Jan. 78 Marking for Shipment and Storage

MIL-STD-453B 31 Mar. 77 Inspection, Radiographic

MIL-S?D-454F 15 Mar. 78 Standard, General Requirements

for Electrical Equipment

MIL-STD-721B 10 Mar. 70 Definitions of Effectiveness

Notice 1 Terms for Reliability,

Maintainability, Human Factors,

and Safety

MIL-_','D-1_72B 31 Dec 74 Hr_an Engineering Design Crlterla

for Military Systems, Equipment

and Facilities

MII-C-6021H 3 Jun 76 Casting, Classification and

Inspection of

MIL-W-6858 28 Mar 78 Welding, Resistance, Aluminum,

Magnesium, Non-Hardening Steels or

Alloys, N_ckel Alloys, Heat

Resisting Alloys, and Titanium

Alloys, Spot and Seam

MIL-I-866B 30 Jan 69 Inspection, Penetrant, Method of

MIL-I-8950B 7 Jul 70 Inspect!on, Ultrasonic, Wrought

Metals, Process for

MIL-A-21180C 19 Jul 76 Aluminum Alloy Castings, High

St reng th

/ 3 :__.._[_TGFP;GEDI,,.q._¢l:l'qqY]_llIUd,,.;
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Drawings:

ICD-2-O5101B 17 Dec 75 Space Shuttle ICD, Level II,
i

3huttl e Vehicle/ Spacelab
I

Structural/Mecha .ical Interfaces

ICD-2-05301 Shuttle Vehtcle/Spacelab Avionics

Interfaces

ICD-2-19001 Level II Shuttle Orbiter/Cargo

(Attachment I to JSC) Standard Interfaces

07700, Vol. XIV,
q

Change 27) ,_,
IDD SOD79117 21 Jun 79 Interface Definition Document -

Power Extension Package l I

Other Publications:

Handbooks: iJ _
NHB 1700.7 May 79 Safety Policy and Requirements

for Payloads Using the Space I

Transportation System (STS) -| "

NHB 5300.4(3A-I) Dec 76 Requirements for Soldered Elec- j :
}

trlcal Connections ,

NHB 6000. IC Jun 76 Requirements for Packaging, Han-

dling and Transportation for Aero-

nautical and Space Systems,

Equipment, and Associated Compo-

nents

NHB 8060. IA Feb 74 Flammability, Odor and Offgassing

Requirements and Test Procedures

for Materials in Environments that

Support Combustion

Documents : -

+
JSC-SE-R-OOO6A 29 Mar 76 JSC Requirements for Materials

: and Processes

JSC-SP-R-OO_2A Sep 74 Vacuum Stability Requirements of [

Polymeric Material for Spacecraft

Application _ i
!

!

4
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NASA/JSC SW-E-O002 6 Jan 76 Space Shuttle Program Ground Sup-
4.

Rev. B port Equipment General Design

- Requirements
. JSC-07636 Space Shuttle L_ghtnlnE Proteo-

. tlon Criteria Document |

._ JSC7700 Program Description and Require-

Vol. I ments Base_'_ne

I JSC-O7700 !5 Dec 78 Space Shuttle Commonaiity Manage-

Vol. VII merit '

,, JSC7700 23 Mar 79 Space Shuttle System Payload

" Vol. XIV, Accommodation

"' Change 28

- MPD 16q 21 Mar 57 Welding, Arc and Gas; for

.- Fabricating GroLmd Equipment for

t Rockets and Guided Missiles

NASA-SP-8063 Jun 71 Lubrication, Friction and Wear,
40

Space Vehicle Design Criteria/

Structures

: OQ-A-367H 6 Dec 76 Aluminum Alloy Forglngs SRMS

RMS-,'. 160A Phase D NRCC/SPAR t'upport Coupled

(SPAR Report) Dynamics Analysis

2.2 NON-GOVERNMENT DOCUMENTS

" The f_llowlng documents of the exact issue shown form a part of this
J

specification to the extent specified herein. In the event of conflict between

the documents referenced herein and the contents of this specification, thecontents of this specification shall be considered a superceding requirement.

Specifications:

ID23452 Jul 79 PEP Environmental Specification

(McDonnell Douglas

Astronautics Company)

]
!
4

5

. MCDORIItI_r&& DOU *t
t

1979025069-011



J

Section 3

REOUIREMENTS !

j.I SYSTEM DEFINITION

3.1. ! General Description

The Power Extension Package (PEP) is a solar "ray powe_ system used to aug-

ment the Orbiter's fuel cell/cryogenic power system and extend the Orbiter's

mission duration capability. When illumlnat_d by the sun, PEP provides most of

the electrical power for use by the Orbiter and its payloads. During the dark

side of the orbit, the solar array is dormant and the Orbiter fuel cells sup-

ply the full power.

The PEP consists of: (I) solar array and supporting equipment _ich are

deployed by the Remote Manipulator =ystem and (2) power conditioninR equipment

which remains in the Orbiter cargo bay during the mission. The PEP solar array

power system has two arrays comprised of photovoltalc solar cells mounted on

blankets of a lightweight, flexible substrate which are deployed by two

callable or articulated masts. When not operational, the arrays are retracted

and folded into compact array storage boxes. The ei=ti,e assembly is stowed in

the Orbiter cargo bay during launch and descent. Figure I di:,plays a typical

sequence for on-orbit deployment of the array assembly using the Orbiter's

Remote Manipulator System (RMS). In step q the masts are used to deploy the

two arrays. The assembly remains attached to the RMS du:Ing orbital operat,on.

Electr'-cal power, derived by orienting the array normal to the sun vector

using an independent PEP control system, is transmitted over cables to the PEP

power regulation and distribution equipment which remains in the cargo bay

during the mission. At that point, it is conditioned and interconnected with

the Orbiter's main busses. The resulting pc'#er is usable by both the Orbiter

and its payloads. To stow the PEP for return to earth, the solar array is

retracted and the RMS brought to full activation. The RMS operator then guides

the array assembly into the stowage position in the Orbiter bay. ?

?
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STEP1- GRAPPLEARRAY STEP2- UNSTOWARRAY I
tl

' DEPLOYMENT o

-- __ _EyA_OTETEMAN'PULATOR"__ " ASSEMBLY_ '_ ]i_1

1
._ STEP4 -LOCKRMS

OPERATIONALLocATI/ / ANDDEPLOYAR 1

T
&

Fibre 1. Deployment _quen_

The PEP system is grouped into four functional areas: _. !.
A. Electrical Power Subsystem- Generates electrical power and conditions, t

'ticontrols and distributes that power to the Orbiter busses for use by the
I

Orbiter and its payloads.
i

B. Structural/Mechanlcal Subsystem - Provides support and grouping for [_

other PEP subsystems and transfers ground and flight lo_ds to the Orbiter

structural interface. In addition, it performs the functions of array deploy- "

merit,retraction, latching, suspension, tensioning and glmbaling.

C. Avionics and Control Subsystem - Performs electronic equipment activa-

tion, l:lltiallzation, position and rate control of deployed elements, and mon-

Itoring of equipment status as well as provides crew interfaces for PEP com-

mand and status display.

D. Thermal Control Subsystem - Maintains PEP equipment within temperature J.

limits using active and passive means, l-

t

3.1.2 PEP Mission _:

The mission of the Power Extension Package (PEP) is to augnent the Orbiter i_

" power and duration capability for sortie missions. Spaeelab missions will

especlally be able to take advantage of tbls capability. Early planned

Spacelab missions are currently power and duration limited - the addition of

,,:_'*_.-__'h="_-.- " _,,'___'._"-_ " _-_._ _....";"¢'wlm_"_""_"_'*m ' " -_""
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PEP will not only alleviate these constraints, but provide the capability for

long-term missions up to q8 days. This capability is added by the PEP solar

array which Increases the power level and also the duration by reducing the

fuel cell cryogen expenditures during the solar illuminated portion of each

orbit. PEP doubles the electrical power available to Orbiter payloads (from ?

to lb kW) and increases the duration from 6 days to _8 days. PEP can accommo-

date all missions from 28.5 to 104° inclination and from 100 to 600 n.ml.

altitude.

: The increased power and duration capability will allow improved utilization of

payload equipment and increased mission duration wlll result In additional

data return for a given instrument set. It will also allow the placement of

additional payload equipment on a given flight. The net effect is to increase

payload utllizati,,n of the Orbiter which can reduce the number of scheduled

flights.

3.1.3 Operational Concept

When the array is fully illuminated by the sun, PEP provides up to 26 kW of

electrical power. This is combined with approximately 3 kW from the Orbiter's

fuel cells to deliver a total continuous power level of 29 kW at the Orbiter's

main busses. During the dark side of the orbit, the solar array is dormant and

the fuel cells provide the full power of up to 29 kW. The power developed by

the array is conditioned by the PEP regulation and distribution equipment to a

na,linal 33 volts and distributed to the Orbiter's main busses. During typical

operations, the Orbiter will use 14 kW leaving 15 kW available for payload

use.

When needed, PEP w_ll be installed in the Orbiter's payload bay. The nominal

installation position is at the forward end o£ the bay (above the short tunnel

of the _aeelsb) for launch to orbit. PEP may be located along the payload bay

within reach of the RHS to meet alternate payload requiremellts (e.g., all

$pacelab pallets). At the selected point in the mission timeline, PEP deploy-

ment is accomplished using the RMS under operator control from the Aft Flight

Deck position with viewing through the Orbiter windows.

When deployed to the nominal operating position, RMS joint brakes are locked

and the RHS remains quiescient (idle mode). During normal operation, loads

Induced on the RMS shall not result in joint back drive. Once the RMS is in

9
/
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, the idle mode condition, the solar arrays are extended and independent PEP

controls are used to track the sun position and maintain the arrays normal to

, the sun vector. Orbiter power (not to exceec 200 watts) is used to drive the I :

PEP control elements for these operations. Once the arrays are properly posi-

tioned, electrical power can be delivered to the power conditioning equipment. _ _

The PEP regulators limit the Orbiter fuel cell power output during sunlight

conditions and permit normal fuel eeii operation during eclipse periods. _*

I
PEP design shall permit normal RMS operation wilenthe array assembly is stowed _

in the Orbiter. Further, the PEP design shall incorporate provisions for l "
A

checkout and monitoring on the ground and during flight. PEP heat rejection

shall use the Orbiter aft cold plate fluid loop. --

Initially, the PEP will be utilized with the Orbiter from the Eastern Test _

Range (ETR). It is expected that missions launched from the Western Test Range

(WTR) will be implemented in the future.

3.1.4 .Sl/stemConfiguration

Figure 2 presents a top level functional block diagram of the PEP. The figure *

identifies the primary functions of the electrical power_ structural/ mechani-

cal, avionics and control and thermal control subsystems as well as the

significant interrelationships between these subsystems.

A representative configuration for the PEP concept is illustrated i Figure 3.

The major elements of the system, shown stowed in the Orbiter cargo bay, are

the Array Deployment Assembly, Power Regulation and Control Assembly and

Interface Kit. Table 1 relates these major assemblies to the four PEP

functional subsystems.

The Array Deployment Assembly (ADA) consists primarily of two flexible sub-

strate solar cell arrays, coilable or articulated masts used for deployment.

and retraction of each array, and a central support structure for the arrays,

auxiliary equipment and Orbiter attachment fittings. The two independently ,:

deployed solar arrays are housed in separate box assemblies. In this I
configuration, the ADA is mounted transversely in the cargo bay. For array

deployment, the canisters are each rotated until perpendicular to the blanket !
box assemblies. The ADA is supported in the cargo bay on trunnions and is

restrained by remotely releasable retention latches. The ADA includes a grap- _

1979025069-015
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LAB - •
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FOI1V ARD OMI'ITED ARRAYDEPLOYMENTFORCLARITY) / ASSEMBLY(ADA)
• STRONGBACK

POWERREGULATIONAND
CONTROLASSEMBLY(PRCA)
• BEAMMOUNTED

Figu _ 3. PEP Representative Configuration

ple fixture which mates with the RMS end effector and a gimbal assembly which

allows positioning of the array for sun orientatlon.

The Power Regula_ on and Control Assembly (PRCA) provides regulation of the

array e.'Lectriealoutput for compatlbllity with the Orbiter bus. The PRCA also

controi'Jthe Orbiter's fuel cells'operatlng power level with consequent con-

trol of cryogenic consumption rates.

The Ir,terf,lce Kit cont_ns PEP to Orbiter and RMS interface provisions

including ADA and "":A support hardware, RMS power and data bus cables and

electrical wiri_ harnesses.

Figure 4 l_lustrates PEP deployed from the Orbiter cargo bay for normal

operat"-)n.

{

_.".5 Interface Deflnltlon

Figure 5 l.sa top level diagram which identifies the exlstenee of the various

interface_ a",soclatedwith PEP. These interfaces are categorized as "direct"

and "PEP related." The direct interfaces are those actual functional and/or
r

phy_ca_ _nterfaces between PEP and:

, 12
/

i - "
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Table I. PEP Assembly and Subsystem Identification

Subsystems

Electrical Avionics Structural/ Thermal

Assembly power and control mechanical control

ArraX Deployment Assembly

Solar Arrajs X

Blanket Boxes X

Canister/Masts X

Core Structure X

Canister Support and X
Rotation

Gimbal X

Sun Sensor and Control X

Instrumentation X

Power Regulation and Control Assembly

Regulator s X

Power Distribution Box X

Cold Plates X

Support Structure X

Interface Kit

RMS Power Cable X

ADA Support Hardware X

PRCA Support Hardware X :_

Data Bus Cable X

Electrical Harnesses X X

GSE X X X X

• Orbiter

• RMS

• Crew

The PEP related interfaces are those which do not directly interface with the

PEP but which do allow the PEP functional interfaces or influence PEP-to-

Orbiter interface characteristics. Categories include:

• Functional PEP interfaces:

• Orbiter to RMS

• Crew to Orbiter

• Payload to Orbiter

13
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, POWERREGULATIONAND CONTROLASSEMBLY

• VOLTAGEREGULATORS/COLDPLATES / / _

• SHUNTREGULATORS / / / I i• POWERDISTRIBUTION/CONTROL/ _ _./ /

• SUPPORTSTRUCTURE_t. I

ARRAYDEPLOYMENT_-_..._ IN-!IRFACEKIT

ASSEMBLY / "_.'L._c..._--_....._ • RMSPOWERCABLE ||----- _ _-"_ • ATTACHMENTFrrrlNGS
• ARRAYSANDCONTAINERS "_--_-- • ORBITERBAYPIP _Jr.• MASTS/CANISTERS ....

S/CANISTERS _'_"_L-_'_ " ORBITERBAYWIRING

• GIMB-AL-/S-L-I-PRINGS/G-RApP-LE '_ T
• SUN SENSORAND CONTROLS
• INSTRUMENTATION
• CORESTRUCTURE

L
Fiqure4. PEPEleme,Dts

• Influence PEP to Orbiter interface characteristics:

• Tunnel to Orbiter

• Spacelab to Orbiter

The PEP related interfaces are discussed in Appendix I to support the descrip-

tion of PEP direct interfaces described in _Rections 3 and 4 of this
p

specification. "

An identification of all of the interfaces between PEP and the Orbiter, RMS

and Crew is given in Figure 6. Here, the blocks labeled PEP, RMS and Orbiter

subdivided intc elements that affect interface definition. The subdivision Iare

#

within the Orbiter and the RMS should be considered for reference only; they

are identified here to facilitate understanding of total system interaction, i
I

Each is identified by a letter indicating whether a data (D), fluid (F), power

(P), or structural/mechanical (S) interface exists and a listing number to aid

iin finding a typical design description in the Interface Definition Document -

Power Extension Package SOD79-0117; Paragraph 4.0 Interfaces. The figure also
I

categorizes each interface as "existing" or "new." Existing interfaces involve I

no modification to the Orbiter or RMS. Where existing interfaces do not apply,

the Orbiter and RMS will accom-odate PEP interfaces by means of "new" hardware I
I

modifications.

14/
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Power Extension Package "I I!

Array

Deployment ',_
• St ructu ral/Machanicel

Assembly • Avionics and Control

i

l Power Regulation Remote ,,-

and Control Manipulator

Assembly Syltlm

Structural/Mechanical l
• Electncll Power I
• Avionics and Control l

• Thermal Control |I

/
Spacelab _ _ _ _,. Orbiter

/

View of

RMS and PEP

Other Payloads LUtilizing SPEE _ _ _'=

Wiring I :

1 ' t 'Qrew " 1'Legend

I
D,rect PEP Interfaces

-'- -" I" PEP Related Interface_

Figure5. PEPSystemInterfaces- Top Level
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Ii Table 2 summarizes the interfaces and organizes them according to functional

subsystem and assembly location. Most PEP to Orbiter and RM$ interfaces are

I: via the Interface Kit. A general description of the interfaces follows.

Referring to Figure 6, from left to rlght, these interfaces for PEP to Orbiter

il and RMS are:

I PEP to Orbiter
$2, $3 - Mounting interfaces between ADA support hardware and Orbiter standard

I brldge fittings. The PEP side of the interface includes 3 retention latches (2
. starboard, I port, $3) and a lateral load reaction fitting (starboard; $2).

The Orbiter side of the interface includes ) bridge fittings (2 starboard, I

port). The port bridge fitting and the forward starboard bridge fitting are

shared by the ADA and the tunnel. The aft starboard bridge fitting is shared

by the ADA and the Spacelab. No keel interface exists. Relative deflection

between Orbiter structure and PEP is accommodated by the PEP side of the

interface.

DIO, P8 - Electrical connector interfaces at each of above three PEP retention

latches for power (P8) and command (DIO). The Orbiter provides cable

assembli.=s with mating connectors as standard payload provisions. The crew

commands latch open and close functions on the AFD during ADA deployment and

restowage operations.

: D6 - Electrical connector interface between PEP data bus cable and Orbiter

data bus. This interface provides the llnk between PEP equipment and an

Orbiter GPC, display processor, CRT and keyboard for crew operation and monl-

toting of PEP.

$I0 - Cable support interface between PEP data bus cable and Orblcer clamps

provided in payload bay.

54 - Mounting interfaces between PRCA support hardware and Orbiter cargo bay

_" longerons. The PEP side of the interface includes two custom bridge fittings
4

(one starboard, one port). The Orbiter side of the interface includes bolt

T" holes and bonded _pacers (to stand off bridge fittings from bide walls). No

keel interface exists. Relative deflection between Orbiter structure and PEP

is accommodated by the PEP side of interface.
;

,- ,m
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Table 2. Summary of Interfaces: PEP to Orblter, RMS, and Crew

Assembly

I/F

Item deslg. I/F
no. no. ADA PRCA kit Title

Electrical power subsystem

I. D2 X Voltage sensing - Orblter busses A, B -
&C

2. P4 X Regulated power - Orbiter busses A, B
&C

3. $8 X Regulated power harness mount

4. S1q X Voltage sensing harness mount -

5.* S15 X PEP power cable mount ,|

Structural�mechanical subsystem
-]

6. $2 X Yo reaction fitting mount .l
7. $3 X ADA retention latch mount

8. Sq X Custom bridge fitting mount ;

9.* S13 X RMS-ADA mate

Avionics and control subsystem

10. Dq X PEP activation

11. D6 X PEP data bus coupler

!2. D7 X ADA data/command

13.* D8 X ADA data/comm"_d

14. DIO X Latch command (starboard-2; port-l)

15.* P6 X ADA drive power

16. P8 X Latch power (starboard-2; port-!)

17. $I0 X PEP data bus mount ,

18, $16 X PEP avionics harness mount

Thermal eontr_l subsystem

19. F2 X Coolant supply/return - loops I and 2

20, $6 X Plumbing mount - loops I and 2 •

Other i

i21. - Crew interfaces

Note: All interfaces are PEP to Orbiter except those indicated by asterisk (*) [
are PEP to RMS I

I
.- / 18 o
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i $6 - Plumbing support interface between PRCA flexlble coolant lines andOrbiter clamps provided in payload bay.

I $8, $14, $16 - Electrical harness interface between PEP electricalsupport

harnesses and Orbiter clamps provided in payload bay.

F2 - Self-sealing Freon 21 disconnect interfaces between PRCA thermal control

i 3ubsystem and two coolant interface panels provided by the Orbiter in the
1 cargo bay (one port, one starboard). The PEP side of the interface consists of

four female connectors on flexible coolant lines that extend from the PRCA.

i The Orbiter side of the inte,face consists of four fixed corresponding malei
conrectors. Two connectors (one supply, one return) are located a_ each panel.

i For non-PEP missions, two jumpers are substituted for the PEP lin.s to provide

flow continuity and appropriate pressure drops in Orbiter coolant loops.

! D2, Dq, D7, Pq -Electrical connector interfaces between PEP electrical har-

nesses and two electrical interface panels provided by the Orbiter in the

cargo bay (one starboard, one port). The starboard panel includes the connect-

ors for the following:

A. Regu]ated power supply and returns from PEP to Orbiter power busses B

and C (Pq).

B. Voltage sensing (and returns) of Orbiter power bus3es B and C by PEP

(D2).

C. Activation signal to enable PRCA to draw current through interface (A)

above for initial activation (Dq). The crew initiates this signal by a switch

provided on the AFD.

D. Data/command signals that link PRCA with ADA (DT). These signals are

routed via Orbiter and RM$ in order to utilize existing provisions and to ena-

ble sharing of SPEE wiring with another payload,

The port panel includes connectors for the following:

E. Regulated power (and returns) from the PEP to Orbiter power bus A

(P4).

: F, Voltage sensing (and returns) by PEP or of Orbiter power bus A by PEP

(D2).

?

PEP to RMS Interfaces

Figure 6 identifies physical interfaces between PEP hardware eZement_ and the

RMS. These interfaces are:
t

- / 19
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513 - Mechanical mate/demate Interface between the RMS SPEE and the ADA struc-

ture, The PEP aide of the interface utilizes a grapple fixture that is

designed to mate with the RMS SPEE. The mate/demate operation is controlled I
t

and monitored by the crew from the AFD.

D8, P6 - Electrical connector interface between the RMS 5PEE and the ADA [

Avionics and Control Subsystem. the PEP side of the interface Is a connector

integral with the grapple fixture identified In item 513 above. The electrical ]

matlng/demating occurs automatically as a result of the mechanical mating/

dematlng. Through this connector are transmitted the data/command signals (D8)

identified in D12, Appendix I, together with electrical power (P6) vla the RMS

relays.

$15 - Cable support interface between the PEP power cable and the attachment

provisions on the RMS. The PEP side of the interface consists of the primary

cables that transmit unregulated power from the ADA to the PRCA. The RMS slde

of the interface consists of clamps and bracketry deslgned to support the

cables while permitting RMS joint movement. Mate/demate provisions at both

ends of the cables are effected at the PEP slde of the interface.

Detailed interface definition is provided in thls specification for each of

the PEP subsystems:

• Electrlcal Power - Paragraph 3,4.1.3

a Structural/Hechanlcal - Paragraph 3.4.2.3

• Avionics and Control - Paragraph 3.4.3.3

• Thermal Control - Paragraph 3.4.4.3

3.1.6 Government Furnl-.hed Property List

TBD

• 20
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, I-. 3.2 CHARACTERISTICS

i

3.?.1 Performance Characteristics

The PEP operating range will include all altitudes from 100 m to 600 m, and

all orbit inclinations frm, 28.5 deg to 10q deg (the nominal Orbiter operating

range).

Nominal orientation of the PEP array blanket is normal to the solar vector. To
maintain this orientation, PEP employs a two-axis array gimbai. One axis can

provide continuous rotation at orbit rates; the other adjusts for beta angle
i

J variations.

i During PEP operations, the RMS Joint brakes will be locked. Independent PEP

' controls employing a sun sensor to generate the pointing .trot signal #III be

i used to track the sun.

i order to reduce drag and other aerodynamic effects at low altitudes, PEP

i capability to operate with the array blar':et angled other than
shall have the

normal to the solar vector.

i In nominal operations, PEP shall provide 26 kW electric power to the Orbiter

and payloads at the beginning of life (BOL). Of this 26 kW, 10 kW will be made

i available to the payloads at Station 6q5, and 5 kW will be made available to

the payloads at Station 603. The remaining 11 kW, dnen combined with 3 kW

total fuel cell idle power will provide the 14 kW necessary for Orbiter

operations.

Average PEP power usage, which is derived from the Or' iter busses, shall not

exceed 200 watts. Peak power usage shall not exceed qO0 watts while operating

motors controlling canister/mast and mast extension/retraction functions.

:- The power and voltage characteristics of the PEP-fuel cell power system shall

• be maintained through orbital sunrise and sunset, as well as through any other

shadowing of the PEP solar array.

PEP shall protect the C biter busses from the solar array's sunrise vc]_g_

*- surge.

,Q
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PEP output voltage shall be controlled to cause the fuel cells to operate at I I

!kW each when the PEP array is fully illuminated and normal to the solar

vector. This requires a maximum voltage of 33 volts at the Orbiter busses.

I
3.2.2 Physical Characteristics

3.2.2.1 General Arrangements I

The PEP system shall be designed as two primary assemblies; one assembly,

Power Regulation and Control, shall be fixed in the Orbiter bay and contain I

voltage regulation and control equipment that interfaces with the Orbiter

electrical and thermal control subsystems. I_e other assembly, Array Deploy-
I

ment, shall contain the solar array, deployment, and trackinE equipment and be

extracted fro.= a _ returned to the Orbiter bay during the mission. I
i

The ADA shall be fitted with a grapple fixture compatible with the RMS special

purpose end effector (SPEE), see Figure 7, and be located within the reach

pattern of the port side RMS when the assembly is stowed in the cargo bay. The

stowed location of the ADA shall provide adequate visibility from the aft

flight deck window for removal and restowage of the assembly using the RMS.

I)PLE_IWttJI_ _
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PEP operations will use only the port side RHS; however, the PEP shall be com-

patible with the slmultaneous Installatlon o£ both port and starboard RMS'._.

The power transfer From the deployed array shall ut111ze a power cable atta-

ched to the external surface of the RMS.

The ADA shall incorporate a two-axls glmbal between the RMS end effeetor and

the _olar array to posltlon the arrays with respeot to the sun 11ne.

The solar array assembly shall use a foldlng flexlble substrate deslgn pack-

aged in two Independently deployed arrays. The array shall be packaged to be

stowed with the long dtmenslon of the eontalner mounted laterally across the

Orblter payload bay. I)eplo)_ent/retraetlon of the two arrays shall ut111ze an

articulated or eollable 1ongeron mast for each array.

Each mast, or mast and array package eomblned, sha 1 be sprlng suspended

betweer the glmbal assembly and the array. The suspension shall act both in

the plane of the array and perpendleular to the plane of the array, to llmlt

torques imposed on the array mast and RMS Joln,'q caused by RCS plume impinge-

ment on the array or by Orblter accelerations. The suspension shall be looked

out when the ADA 13 In a ,stowedeonflguratlon.

3.2.2.2 Env elope

In the stowed eonflguratlon, the PEP,exeludlng Orblter attachment provlslons,

sh_.!1not exceed the 11mits of the envelope deflned by Figure 8 when exposed

to the dynamle envlronments of Orblter launch, reentry and landlng.

The baseline stowage 1oeatlon is above the Spaeelab short tunnel and between

the Spaeelab and the alrloek. The envelope as deflned is al_o eompatlble with

the long tunnel and an all pallet payload. The PEP deslgn shall not preclude

stowage of the Array Deployment Assembly in other loeatLons In the cargo bay.

The aft limlt of installatlon shall be establlshed by the RMS reach 11mlt. The

design shall allow the Installatlon of the ADA over the top of a standard

payload pallet.

3.,_._._ _ System Weight and CG

The PEP system shall be deslgned For mlnlmum welght consistent wlti_ high rell-

abillty and low program cost. The target welght for the PEP,exeludlng attach-

ment provlslons to the Orblter, Is 2010 pounds (910 kg). Thls welght Include.-

23
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NOTE S - ,,

1 TIlE ENVELOPE SHOWN DOES NOT INCLUDE TRUNNION INTERFACE WITH

THE NRBITER IN SECT C,C TRUNNION INTERFACE MUST @CCUR ABO_,E

_ A ._ B ._C STATION Zo 4111 OR OUTSID{ OF THE EXTENSION OF THE g0R BELOW "

STATION Zo 419.

X THE LIMIT STATIONS Xo 748,41. Xo O1,Q AND Xo mi,5 ARE CLEARANCES "_
FROM HANDRAILS ON THE SPACELAR TUNNEL AND AIRLOCK.

RESPECTIVF L¥

-Z ° 400 O 3. THE LIMIT STAIION Z_ 4ZD IS BASED ON TUNNEL ANDTUNNEL STRUT DEFLECTIONS. -_

4 LIMIT STATION Z o 400 IS BASED ON AIRLOCK CLEARANCE

b LIMIT STATION )ko 637 IS BASED ON MMU AND EVA ENVELUIME CLEARANCE

15, LIMIT STATION Z o d114 RASED ON IGLOO CLEARANCE_

_.,_ 0 Z° 453.5 _ i

Z_,4.2_0 ',
•" 419,0

Yo ' }'5 0 y t

C

v 00 _ O0
SECT A A SECT R-B

Figure 8. PEP System Stowed Maximum Dynamic Envelope

hardware permarently installed in tileOrbiter and referr_l to as Orblter _car

weight, l_e PEI design shall minimize Orbiter sear weight conslstent with PEP

target weight conslderat_ons. The target for Orbiter sear w_ig.ht is 53 pounds

(24 kg) maximum.

T}e target weight for the PEP attachment provi._ions is 85 pounds (38.5 kg),

which includes deplo)raent latches, bridge fittings and journal fittlngs.

The center of gravity of the PEP system must be compatible with the Orbiter

cargo bay CG constraints when flown in combination with any of the ba._ellne

payload configuratlon.s defined by Spaeelab ICD 2-05101.

3.2.R Environmental Criteria

The PEP system and its associated GSE shall perform in accordance with this

specification and shall not incur damage during and after exposure to the nat-

ural and induced environments given in T,_ble3, Th:, _mragraph nLsnber._listed

in this table refer to those in the MI)AC ID2_452 environmental specification.

24
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Table 3. Natural and Induced Environmental Conditions

, Applicable to PEP and Associated GSE

MDAC ID23452, paragraph no., and environment PEP GSE

Natural environments

Ground

3.1.1 Transportation (Packaged) X X
3.I.2 Storage X X

3.1.3 Ground Handling Loads (Unpackaged) X X

3.1.4 Launch Site Operations Environment X X

Space
3.2.1 Pressure X
3.2.2 Solar Radiation (Thermal) X t
3.2.3 Solar Radiation (Ionizing) X
3.2.4 Meteoroids X

Induced environments

Thermal environment

4.1.1 Payload Bay Wall Temperature X ,
.

4.1.2 Entry Air Inlet Temperature X

Limit-load factors/angular accelerations
4.2.1 Quasi-Steady Flight Events X
4.2.2 Transient Flight Events X

4.2.3 Emergency Landing Load Factors X

Acoustics, vibration, on-orbit accelerations
4.3 Acoustics • X

4.4 Vibration X i!
4.5 On-Orblt Accelerations X

Orblter/cargo bay particulates and gases

4.6.1 Purge Gas in the Cargo Bay X
4.6.2 Contamination X

Electromagnetic interference environment
4.7.1 Shuttle Produced Interference Environmznt X

4.7.2 Cargo Produced Interference Environm.nt X

RCS plume environment
_.8 RCS Plume Environment X

:_tructural deflections
4.9 Relative Structural Deflections X

25
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3.2.4 Reliabii_t_

3.2.4.1Definition_ 7

The definitions presented in MIL-STD-721 shall be applicable to this 6

specification, as appropriate.

3.2.4.2 Requirements

The PEP shall be designed and fabricated to satisfy the following reliability =

requirements.

A. The PEP shal] be de_l_ned to satisfy the Orbiter payload reliability

requirements. _-!

B, The PEP on-orbit reliability desiKn mission shall oe q8 days inclusive

of two cycles of ADA deployment and restowase in the Orbiter bay. j

C. The PEP shall be capable of at least eiKht missions per year of a nom-

insl 14 day duration, £iven appropriate maintenance.

D. The PEP shall be capable of performing a total of at least 2qO array

extensions and retractions with appropriate maintenance.

3.2.4.3 Reliability Declgn Criteria

The PEP shall be desiEned for £raceful deKradation (minor reduction in output

or performance capability rather than system loss) in the event of Item

failure or damaEe to the solar array.

3.2.4.4 Operational and Storase Life

The PEP system shall be designed for operation and storage as shown below.

Location Time

• On-Orbit (Oper,,tions) 3 Years Minimum

• Payload Bay (Laun-h/Reentry) Approx. 50 Hours (Cumulative)

• Payload Bay - ETR

-- VAB 960 Hours (ETR ambient air)

-- OPF %
!

Launch Pad _ Approximately 7 years

J• Storage- ETR (Hangar S)
m

26
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l 3.2.5 Malntainability

.. 3.2.5.1 Maintainability Policy

The PEP system design shall be compatible with Orbiter operations and mainte-

nance activities as follows:

; A. The PEP system shall provide for checkout and monitoring on the ground

(in the Orbiter) and for inflight performance monitoring.

B. Capability shall be provided to remove the PEP system at the launch

pad.

C. Ground corrective maintenance actions while the PEP is onboard the

Orbiter shall be limited to inspection and removal/replacement of line

replaceable units (LRU).

D. Ther,_.shall be no on-orbit preventive maintenance operations.

E. The PEP system shall minimize the nee_ for special tools, fixtures,

and test and support equipment for removal/inst_llation, repair, maintenance,

test and inspection.

F. The PEP design shall facilitate the tasks of external inspection and

checkout with the Orbiter in either the horiz ntal or vertical position.

3.2.5.2 Design Provisions

The PEP system design shall provide for easy maintenance _nd efficient ground

handling operations, and shall be responsive tc the Orbiter specified

turnaround time between flights, as follows.

A. The PEP system schedulcd _nd corrective maintenance requirements shall

be compatible with Orbiter scheduling.

B. The PEP design shall provide adequate access to, and tool clearance

between, LPUs or components.

C. Wire bundle acc=ssibility shall be provided without invalidating other

wiiring circuits of related equipments.

D. Electrical connectors shall be accessible without disassembly or

removal of functional equipment.

E. Servicing and test ports shall be accessible without requiring removal

of other than thermal protection covers.

F. The PEP wire harness on the RMS shall be removable in the field.

3.2.6 Transportability

The PEP system shall be designed for transportability in accordance with the

27
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general requirements of C_pter 3 of NHB 6000. IC and the specific requirements I
of paragraph 3.1.1 of MDAC ID23452.

3.2.6.1 Shipping and Handling Classification I

PEP components, assemblies and system shall be defined as Class I items within

3.2.6.2 Damage or Impaired Performance I

The PEP shall not suffer damage or Impaired performance when subjected to

transport environments described in paragraph 3.1.1 of MDAC ID23452. l

3.3 DESIGN AND CONSTRUCTION STANDARDS I

3.3.1 Materlals_ Processes and Parts

All materials, processes and parts shall be selected in accordance with the I

requirements of JSC-SE-R-O006 and shall be compatible with the performance and i

environmental cri_erla for the equipment as specified herein, l

3.3.1.1 Flammability, Toxicity and Chemical Corrosion T

A. Haterials shall not be used which, when operating at temperatures up

to the maximum anticipated in a mission, will generate toxic or noxious fumes,

or dust, in such concentration as to impair Orbiter crew safety, i

B. The PEP shall be designed with materials which are corrosion resistant

or processed to resist corrosion. Metals of different composition shall not be

used in intimate contact unless suitably protected against electrolytic corro-

sion.

C. Materials used in the construction of the PEP shall meet the criteria

of NHB 8060.1.

3.3.1.2 Fungus Resistance

PEP materials shall be selected in accordance with MIL-STD-45q, Requirement q, [
i

to provide equipment capable of withstanding the deteriorating effects of

moisture and fungus. Where necessary, suitable protective coatings may be used [ ,
Iproviding they retain their protective properties during the course of normal

fabrication, handllng, inspection, checkout, operations, and maintenance.

1
3.3.1.3 Lubricants

Lubricants shall be selected using NASA SP-8063 as a guide. [
I i

i-
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3.3.1.40utgassing

The selection of materials on exterior surfaces for use in the space/thermal

environment around sensitive optical or thermal control surfaces shall be in

accordance with JSC-SP-R-O022.

3.3.1.5 Parts Selection

Parts shall be qualified for space use. Off-the-shelf equipment shall be used

wherever possible, and development of new equipment shall be mlnlmlzed. The

PEP design shall provide for maximum efficiency of equipment selection and/or

development through multiple app]Jcation of common items. Common items and

their applications shall be identified, selected, and implemented in accord-

ance with the commonality requirements of JSC 07700, Volume VII.

3.3.1.6 Contamination Control

Design, manufacturing, handling and operational concepts shall minimize the I

probability of contamination. The elimination or containment of all contamlna-

tion sources, protection of the Orbiter flight crew from undesirable odors and

toxic gases, and protection of sensitive equipment from space environment and

operational sources of contamination shall be a design goal.

3.3.2 E_lectromagnetic Compatibility

The PEP shall be compatible wlth the Shuttle and cargo radlated and conducted

interference levels specified in MDAC ID23452. These requirements are not

applicable to Ground System Test or Checkout Equipment.

3.3.2.1Shuttle-Pruduced Tnterference Environment

_P equipment operation shall not be impaired by Shuttle conducted and radia-

ted interference levels specified in secti ns 4.7.1.1 and 4.7.1.? of 1D23452.

3.3.2.2 Cargo-Produced Tnterference Environment

PEP equipment operation shall not be impaired by the cargo conducted noise and !

radiated field levels specified in sections 4.7.2.1 and 4.7.2.2. In addition,

PEP-produced interference shall not exceed cargo emission limits. ,!

3.3.2.3 Lightning Protection

Lightning protection shall be in accordance with JSC 07636. Lightning-produced

fields shall be limited to a peak level of 70 A/m. The pulse will rise to peak

in 2 microseconds and fall to zero i,_ 100 microseconds. PEP equipment shall be

designed such that a failure would not propagate catastrophically to the Space
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Shuttle if a direct lightning strike should attach itself to the vehicle while

in the launch configuration with the payload bay doors closed. These require-

ments are not applicable to Ground System Test or Checkout Equipment.

m

3.3.2.4 Inadvertent Electrical Shorting
I

The subsystem components shall be designed so that no electrical conducting I
surfaces are exposed to malfunctioning, shorting or tnadvertent actuation due

to floating debris or foreign material in any gravity state from 0 to q g's. I

3.3.2.5 Protective Covers or Caps for Receptacles and Plugs I

Captive protective covers or caps shall be provideO for external electrical i

plugs and receptacles whenever they are not connected to the mating part.
I

3.3.2.6 Circuit Separation |

Electrical circuits shall not be routed through adjacent pins of an electrlcal r

[connector if a short circuit between them would constitute a slngle failure

that would cause a loss of the mission.

i
3.3.2.7 Improper and/or Cross Connection Prevention

Connectors shall be designed to preclude improper mating and, where in close I

proximity to similar connectors, design shall preclude the capability of 1

cross-connection. Electrical connections shall be designed such that they can ,
J

he _ated without pin damage, and can be vtrually verified. I

3.3.2.8 Grounding and Isolation I i

The grounding and isolation of circuit returns for de, plus the handling of

shield grounds shall comply with the requirements of paragraph I0.7.4, _ .Avionics Electrical Compatibility, ICD 2-19001.

3.3.2.g Wire and Cable Installation }

Wire and harness installations shall be designed so as to minimize potenti_l

damage. Wiring shall be protected by easily removable covers or other protec- I !'rive devices.

3.R.2.10 Cable Removal I
Electrical cables and connectors shall be designed so that individual cables

can be removed without disrupting the integrity of adjacent cables or lines I
and to facilitate replacement of electrical subsystem units such as a

regulator.

t_
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3.R.3 Nameplates and Product MarkinB

All parts shall be labeled with a permanent nameplate listing as a minimum:

• Manufacturer

' • Part Number

• Serial Number

• Date of Manufacture

1.3.4 Workmanship

Workmanship standards commensurate with space application requirements shall

be employed.

3.3.4.1 Soldering

Soldering of PEP hardware shall conform to the guidellnes of NHB 53OO.a

(BA-I).

3.3.4.2 Welding
%

Resistance welding (spot and seam) shall conform to MIL-W-6858. Fusion welding !

for low-strength aluminum application and for materials other than aluminum

shall be in accordance with MPD 164. Radiographic inspection of aluminum and

magnesium welds shall be in accordance with MIL-STD-453. Welding aluminum for

critical high strength applications, where maximum strength welds are needed,

shall be in accordance with MSFC-SPEC-504. The technique of welding a Joint

from opposite sides shall not be utilized unless specific prior approval is

obtained.

3.3.4.3 Castings

Castings shall be designed in accordance with MIL-A-211BO. Use of castings

shall be avoided where feasible. Penetrant inspection shall be performed in

accordance with MIL-_-6866. Radiographic inspection shall be performed in

accordance with MIL-C-6021.

R.3.4,4 Forgings

Forgings shall be designed in accordance with QQ-A-367, Penetrant inspection

shall be performed in accordance with MIL-I-6866. Ultrasonic inspection shall

be performed in accordance with MIL-I-8950.

3.R.5 Tnter, _ngeability

Mechanical and electrical interchanKeability sh_ll exist between like

assemblies, subassemblies, replace_bl, parts, _nd components regard!_ss of the

$I

_C_O_f LL _OIJ_AA_
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or supplier. All components which have the same part number, I
manufacturer

regardless of the source, shall be functionally and dlmenslonally interchange-

able. I

3.3.6 T
lThe PEP shall be designed in compliance with the requirements of Chapter 2 Gf

NHB 17OO.7.

T
3.3.7 Human En_Ineerln_ ""

MIL-STD-1472 and Sections 9.3 and 9.q of JSC O7700, Vol. 14, shall be used as

the principal human engineering references in the design of the PEP. As a rain....

imum, the following features shall be provided to facilitate the man-machine

interface operations.

• Self-alignment devices shall be provided for remotely connecting the

RMS to the ADA for deployment.

• Quick disconnect capability shal" be provided for remotely manipulated

interface connections.

• Locks and latching mechanisms associated with array deployment/

retraction shall have positive catch.

• Clear visual indications of remote latch status shall be provided to

the Orbiter cabin, either directly or by existing Orbiter CCTV.

• Feedback shall be provided to the Orbiter cabin _ t_)the status of

deployment and retraction of the ADA.

• Obvious "NO-STEP" markings shall be provided to prevent damage to PEP

equipment during gro_d maintenance.

• Exposed edges, corners and protrusions on the PEP shall meet the

requirements of MIL-STD-1472, paragraph 5.13.5.4, and the following:

A. Exposed edges shall be free of burrs.

B. In the event a sharp edge cannot be avoided, it shall _e

guarded to prevent damage to a flight crew pressure suit.

C. If protrusions are necessary, they shall be designed to mini-

mize the possibility of umbilicals being caught on them. Guards shall be pro-

vided, as necessary, to preclude entrapment.

• The on-orbit, in cargo bay, spacecraft lighting system provides the

flight crew with adequate exterior illumination to monitor the deployment and

operation of the PEP.

32
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, • Adequate crew restraints such as tethers, handholds, handrails, foot
t

restraints and attachments shall be provided to allow zero g inspection and/or

contingency servicing of the PEP system in orbit for both the stowed and

deployed configurations.

• All equipment markings shall provide essential information to enhance

ground and space crew performance and safety While performing PEP install_-

tion, checkout and maintenance or servicing tasks, Labels/c_.ecklists/

nomenclature/color coding, etc., shall be designed in accordance with Section

5.5 of MIL-STD-1472.

• Control/display design criteriia defined in HIL-STD-1472 are applicable

for the control and monitoring systems associated with the PEP operations.

• All fasteners, handles, doors, levers, cranks, and other equipment that

require operation by an EVA crewman shall have an actuation force of less than

155N (35 ibs.). An actuation force of 45N (10 ibs.) is preferred.

3.4 FUNCTIONAL AREA CHARACTERISTICS

This section provides the major PEP system functional requirements by subsys-

tem. In addition, critical physical parameters and interfaces which are to be

maintained are included. The system definition resulting t_om these data will

assure compatibility with Orbiter requirements.

3.4.1 Electrical Power Subsystem

The electrical power subsystem consists of the solar array power source and

those associated elements necessary for the regulation, distribution, and con-

trol of the power to the Orbiter/payloads and for PEP/Orbiter system protec-

tion.

3.4.1.1 Performance

3.4.1.1.1 Delivered Power--The PEP system shall deliver 26 kW BOL to the

Orbiter and payloads (26.8 kW to the orbiter interfaces) when illuminated with

sunlight at 1353 w/m2and a sun angle (B), Section 6.2, of 50° during mid-

orbital day.

3.4.1.1.2 Modularity/Flexlbility--The power shall be delivered in at least

three isolated blocks compatible with the Orbiter's three bus/fuel cell sys-

tem; capability to allocate prior to flight up to 20_ of the total power, in

increments of 1_, between busses shall be provided. Maximum design power to

any of the 3 isolated blocks shall not exceed 40% of the total power

available.
-" 33

/

1979025069-038



i

3.q.1.1.3 Regulation--The power shall be delivered at a voltage compatible I
with maintaining the Orbiter fuel cell_- at a nominal I kW lole level (i.e., up

to 33V maximum on Orbiter bus); the voltage shall be remotely adjustable, in I

increments of O.02V from the aft operator's station over a range adequate to

cover the variation in fuel cell characteristics and life degradation. In the I
Ievent the Orbiter loads exceed the PEP capability, the PEP system shall

deliver maximum available power, under the conditions specified in Section !1

3.4.1.1.1, and allow the fuel cell output to rise from I kW to a level ade- I

quate to supply the load.

3.4.1.1.4 Distrlbutlon_ Control and Protection--The PEP system shall provide I

for :
|

A. Distribution of the power to the appropriate Orbiter interfaces. Sec- I

tion 3.4.1.3 of this document.

B. Control and monitoring of the PEP system operation including the pro- I

vision of sufficient information to the Orbiter displays at the aft operatur's

station to allow manned supervision of the system. _ :;

C. Overvoltage protection of the Orbiter busses.

3.q. 1.1.5 Parasitic Power--The PEP system shall not use in excess of 200 watts I

t

average.

3.4.1.1.6 Ripple--Maximum ripple on the PEP power lines interfacing with the

Orbiter sh_ll be per paragraph 3.3.1.1 of ICD 2-05301, Shuttle Vehicle/

Spacelab Avionics interfaces.

3.q.1 1.7 Solar Arra)r De6radation--Degradatlon of the PEP solar array shall• t
not exceed 105 during eighty 1q-day missions when flying either nominal mis-

sion mix specified below: I

ETR WTR
I

Inclination _ of missions _ of missions I

28.5° 78 0 I
b5° 22 0

90-104 ° 0 100 I

3.4.1. 1.8 Solar Array Output Volta6e--The BOL and EOL peak power point output

voltage of the solar array shall be In the range of 100-125 vdc under the con- I

34
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I ditions of Section 3.4.1.1.1. The open circuit voltage shall not exceed 250

vdc BOL for the lowest temperature expected during orbital night.

1 3.4.1.1.9 Solar Arra_ Short Circuit Current_--The solar array short ctrcui,';

current shall exceed 1.1 times the peak power current.

!
3.4.1.1.10 Solar Array Shadowing--The ._olar array shall not be damaged or per-

,_ 1 manently degraded when subjected to shadowing all or part of the wing area .
with the shadow moving at orbital rate.

f

I 3.4.1.1.11 Solar Arra_,[ Instrumentation--Each solar array wing harness shall

provide a minimum of 10 pairs of wires suitable fur instrumentation use, run-

nine the full length of the and independent of the mlbling.
array, power

3.4.1.1.12 Solar Arra}, Ma_netlc Forces--The solar array electrlcel circuitsshall be designed to minimize magnetic forces on the Orbiter due to array

currents.

I
3.q.1.1.13 Solar Array Power Transfer--Power shall be transferred I_om the

solar array to regulation and control elements via the gtmbal assembly and RMScable installation described in Sections 3.q.2.1.6 and 3._.2.3.2.

3.q.1.2 Physical
TBD

]
• 3.q. 1.3 Interfaces

Figure 9 identifies interfaces that exist between the PEP Electrical Power

1 'Subsystem, the Orbiter and the RMS. Letter designations of these interfaces

apply to both physical and functional characteristics as defined in

l SOD79.-O117
e

3.4.1.3.1 Orblter--The PEP/Orblter interface shall be in accordance with para-

l graph q.1 of SOD79-0117, except that voltage at the busses shall not exceed

33 vdc.

I A. Regulated -A, B and C: (Pq) Oe_ignatton--
Power Orbiter Busses

Physical and fcnctional requirements for the PEP side of this interface as

I defined in Table 4.7, SOD79-0117, shall be satisifed.
B. Voltage Sensing - Orbiter Busses A, B anJ C: (D2) Designation--

Physical and functional requirements for the PEP side of this interface asdefined In Table 4.7, SOD79-0117. shall be satisfied.

• ,_,_'!_
L
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C. Electrical Harness Mouots (Regulated Power Harness Mount Voltage
and

Sensing Harness Mount: (58 and SI_L) Deslgnations--The ph)._ical requirements

rot the PEP side of this interface a_ Oeflned in Table 4.7, 2._n79-0117, shall
be satisfied.

Io 3. q.I.3.2 RM3_._--ThePEP/_$ interface shall be in accordance with paragraph TBD

of SOD79-0117.

I" A. PEP Power Cable Mount: {S15) Deslgnation--The physical requirements
for the PEP side of this interface as defined in Table II.7, $0D79-0117, shall

i

be satisfied.

3._.1.3.3 Crew--The PEP system shall be configured to allow selected moni-

! --torlng and control from the crew station on the aft flight deck.

3._.I.3.4 Launch Site Facilities and GSE--TBD

3.4.].3.5 Subsystems--To be specified by the contractor during detail design.

3._.2 Structural/Mechanical Subsystem

The Structural/_achanical Subsystem shall be defined as the static structural

elements that provide support and grouping of other subsystem elements and

transfer ground and flight loads to the Orbiter structural interface plus, the

active mechanisms, both mechanical and eleetro-mechanlcal, uh_.chprovlae the

functions of array deployment, latching, suspension, tensioning, gtmbaltng,

_ ! etc.

3.4.2.1 Performance

3.4.2.1.1 Stren_t_h--hll structural elements shall be designed with a factor of

safety equal to or" greater than 1.4. The structure shall be capable of sup-

porting ultimate loads from all crltlcal loading conditions without failure.

The stowed PEP _lements shall be designed to the launch reentry a,d landing

environment of Paragraph 3.2.3.

' 3.4.2.1.2 Llfe--A11 Structural/Mechanlcal elements shall be designed for a

service life of 80 missions over a 10-year period, with an average mission

i duration of 14 days, maximum mission duration of 48 days and two deployment/

retraction cycles during each mission. Active elements shall be desi._ned to

! operate at their individual average duty cycle for the 8d-mission life without

37
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- _ • _4

I
maintenance or refurbishment, static st _ture sh_ll be designed with a

fPtigue life based on the 80 missions,
l

3.4.2.1.3 A_rrayDeplo),ment/Retraetlon Time--With the array deployment assembly I

positioned by the RMS external to the Orbiter cargo bay, the time required to I

completely deploy the array or eonversely the time to completely retract and I

stow the array blankets :n their containers shall not be more than:

A. Canlster/mast rotation- 4 minutes, plus. I

B. Mast extension (retractlon) - 6 minutes.

Both array wings shall be deployed and retracted simultaneously. [

3._.2.1.4 Blanket Te;Ision--Tension in the fully deployed solar array blanket

shall be sutZieient to prevent blanket eontaet with its support mast under all

dynamic eondltions imposed on the array.

3.4.2.1.5 Plume Loads--The fully deployed solar array wings shall be capable

of withstanding direct impingement of Vernier Reaetlon Centre1 System (VRC_S)

plumes. The plume pressure 1oadlng shall be based on the minlmCrn selx_r_tion

J__stanee betv;een the thruster and the solar array plume for any mission eondl-

tion .'<Jdnormal VRCS operation for Orbiter attitude hold control mode.

3.4.2.1.6 Arra)_ Polntin_--P_sltioning of the array shall be accomplished in

accordance with these requirements:

A. PA_ringPEP operation, the RMS Joint braes will oe locked.

B. A two-axis glmbal (see Figure i0) shall be installed between the RHS

end _ffecLor and the array.

C. The Alpha axis of the gimbal shall have eontlnuous bldireetional

tracking capability at orbit rate. The Beta axis of the gimbal shall have a

travel eapability of 90 deg mlnimun, j
W

D. The gimbal assembly shall have the capability of maintaining the plane

of the array perpendicular to the sun line within +2 deg for a11 mission
!

o,bits, orientations and attitude l_ld control modes.

E. The torque output of the Eimbal shall be limited to a value less than !
the ultimate strenKt.hof the array support mast. |

f. The glmbal assembly shall provide for transfer of the array eleetrleal

power and instrt=nentation and control signals aeross the rotating joints. I

G. Separation devices for the electrical cables shall be provided between

the PEP gimbal and the RMS end effector. |
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.-. ;PACEI AB

TUNNEL

Figure 10. PEP Gimbal System - Looking Aft

3.q.3.1.7 D_namic Loads--With the array deployed by th_ RM$, the dynamic loads

_mp>sed on the RMS joints resulting from orblter stabilization, maneuver or

: VRCS plume !oadlng _h_11 be less than the torque required to back-drive the

RM$ Joints. Operating restrictions may be considered in meeting this

requirement.

" 3.4.2.2 Physleal

TBD

3.4,2,3 Interfaces

Figure 111dentlftes Interfaces that exls_ between the PFP Structural/ M_ehan-

" Ical Subsyetem, the Orbiter and the RMS. Letter designations of these

interfaces apply to both physical and functional characteristics as defined in

... _°<)D79-0117.

3.4.2.3.1 Orbiter

A. The ADAretention latches, ($3) designation, and the Y reaction
0

' fttting,(S2) designation, shall interface with a standard Orbiter bridge

! fitting rail configuration in accordance with Paragraph q.2.1 and Table 4.2 of

;. :- 38 _
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" I SOD79-0117. The support of PEP assemblies shall make use of available existing

standard bridge fittings installed for payload elements where possible.

I B. PRCA custom bridge fitting, ($4) designation, shall use the strut-
The

rural attach points provided in the Orbiter bay for payloads in accordance

7 with Paragraph 4.2.2 and Table 4.2 of SOD79-0117. Special bridge fJttlngs thati.
interface with existing payload bay sill longeron and frame attach holes may

Ii
3.4.2.3.2 RMS

i"

! A. The Array Deployment Assembly shall interface with the special purpose
o+

RMS end effector, ($13) designation, in accordance with Paragraph 4.4 and

i Table 4.7 of SOD79-0117. The cable used to transfer the electrical power from
the array to the Orbiter shall be attached to the external surface of the RMS

arm. The design shall minimize modlz'Icatlons to the RMS, and the cable shall

have the capability of being installed and removed in the field.

B. The installation of PEP-related hardware on the RMS shall not

interfere with the use of the RMS to perform its primary function when it is
!

not being used to support PEP. The PEP power cable installation on the RMS arm

Ishall not restrict any of the normal joint motions except wrlst ro11. The

wrist roll motion shall be a minimum of +_180°.

3.4.2.3.3 Cre_____-Theoverall PEP configuration shall be compatible with manual _1!
I

crew operation of the RMS to deploy and stow the ADA. Observation and control IL

of these operations w111 be from the aft flight deck viewing windows.

3.4.2.3.4 Launch Site Facilities and GSE--TBD

3.4.2.3.5 Su.ub_stem--To be specified by the Contractor during detail design.

3.4.3 Avlonlcs and Control Subsystem

The Avionics and Control Subsystem performs the functions of electronic equip-

ment activation, initialization, position and rate control of deployed ele-

ments, monitoring equipment status and providing crew interfaces for PEP corn-

+ mand and status display. Manual and automatlc means for the implementation of

control functions are employed. Manual control is effected by crew insertion

_ of values/limits for array rates and position with respec_ to RMS end effector

coordinates and for configuration control of power bus contactors. Automatic

control Is effected by selection of the sun sensor for sun acquisition and

" settings.
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3._.3.1 Performance

The Avlontes and Control Subsystem shall be capable of performing the

following functions:

A. Activate/deactivate PEP pointing and control electronics equipment,

B. Engage/dtsengaae the power connector(s) between the RMS end effeetor

and PEP grapple fixture.

C. Rotate mast canister and extend/retract mast.

D. Acquire and track the sun.

E. Maintain the array axes in selected angular positions and/or rates

with respect to the sun line and/or end effector axes. _'_

F. Select regulator and power distribution box configurations; i.e.,

connection/removal of power conditioning equipment from power busses.

G. Set regulator/limiter voltage levels.

H. Disconnect the Orbiter/PEP power bus interface to allow RMS Jettison. i

I. Display PEF command status.

J. Monitor and display PEP equipment operation status parameters.

=

PEP sun tracking shall employ a sun sensor with a minimum of +--0.5° resolution

to provide an error signal for pointing control in two axes. The sun sensor

shall provide a "sun presence" signal upon p_ssage of the sun into the field

of view. The sensor field of vlew and threshold setting shall prevent false

lock-on due to sun "glint" from orbiter/PEP structure or earth's albedo.

The array pointing/control system shall maintain the array panels ,oerpendicu-

lar to the sun line within +2° after acquisition of the "sun presence"

signal,

During that p_rtion of the orbit in which the sun line is blocked by the earth

and tile"sun presence" .signal is lost, the control system shall estimate or

use predefined gimbal rates and command gimbal rotation in either direction

such that a position error of no greater than +12° between sun line and array :,

face exists upon reacquiring the "sun presence" signal.
I

The pointing�control system shall provide _orquer drive signals resulting in i

continuous rotation in one axis (Alpha gimba!) and 90° of travel, minimum, in

the second axis (Beta gimbal). [

The pointing�control system shall be capable of slewing both gin,bals at mini- I

mum rates up to 0.5°/see.

/ 42
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l Slew rates commanded by the pointing/control system shall not result in static

or dynamic structural loads which could d_mage the PEP or back-drlve the RMS.

!
Power distribution to motors controlling canister/mast and mast extension/

I retraction shall be sequenced and controlled to limit total power supplied todeployed electronic equipment to 200 w maximum.

I The time for canlster/mast rotation and mast extenslon/retraction
required

(two wings) shall be in accordance with Section 3.q.2.1.3. °

I Commands input by the crew to effect manual or automatic control of PEP opera-

tion shall be displayed on the Multifunction Control and Display System

(MCDS). PEP equipment status and/or operating parameters shall also be capable

of display on the MCDS CRT.

Latch control of the ADA in its stowed position shall utilize the existing

payload latch control system located on P_nel A-6 of the on-orbit station.

]
Control signals for disengaging power or other cables at the PEP/ RMS shoulder

to effect RMS/PEP jettison shall require an enable (arm) command preceding thedisconnect (fire) command and be dual redundant. Should connectors fail to

disconnect upon receipt of the first command set, the second set of command

signals shall be sent within 10 seconds.

Control signals shall be provided to enable/inhiblt the output of all

regulators.

PEP reference voltage levels shall be adjustable on-orbit from the AFD. Set-

tiny accuracy increments shall be +0.01 volts minimum.

I A capability shall be provided to check out PEP equipment and interfaces pri_r

to removal of the ADA from the bay by the RMS. PEP status shall be made ._vail-

able to the crew and to Shuttle mission control via Orbiter telemetry. In

addition, the values of individual measurements shall be available on request.

l
The PEP shall employ the Orbiter's Systems Management ,SM) computcr to format

command and status display inputs to the MCDS.

3.4.3.2 Physical

The physlcal characteristics of the Avionics and Conroi Subsection are

describeO in the following paragraphs,

43
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4.

PEP operation shall be remotely controlled from the Orbiter JhVD.

Penetrations of the AFD bulkhead X 576 shall be minimized.o

3.q.3.3 Interfaces

Figure 12 identifies interfaces that exist between the PEP Avionics and Con-

trol Subsystem, the Orbiter and the RMS. Letter designations of these

interfaces apply to both physical and functional characteristics as defined in

30D79-0117 •

3.4.3.3.1 Orbiter--Physical and functional requirements for the PEP side of

this interface as defined in Table q.7, SOD79-0117, shall be satisfied.

A. PEP Data Bus Coupler: (D6) Destgnatlon--A digital interface between

the PRCA avionics and the Orbiter data bus shall be provided for data acquisi-

tion and c_maqd output by the Orbiter SM general purpose computer (GPC). The

PEP shall provide a data bus coupler to connect to the Orbiter-provided termi-

nation. Special twisted shielded pair wire shall be used for the coupler/ ter-

mination cable assembly. In addition, the following specific paragraphs of the

IDD shall be satisfied: •

1. Paragraph 4.1.2, Control Circuits

2. Paragraph 4.5, Orbiter Data BUs Interface (All)

B. PEP Latch Power and Command: (P8, DIO) Designations--Latch actuators "-

shall be controlled and supplied power by Orbiter cable assemblies which con-

taln two connectors per latch. Each connector shall provide dual latch open,

closed and ready to latch talkbacks, three 28 v command inputs _nd 3 phase

power. The following specific paragraph of the IDD shall be satisfied:

Paragraph 4.1.3, Orbiter Active Latch System.

C. PEP Data Bus Mount: ($I0) Deslgnation--Support for the data bus cable _

assembly shall be provided by the Orbiter. Cable clamps or other retention

devices shall be easily removable using standard tools.

D. PEP AvlonlcJ Harness Mount: (316) Desi_natlon--Mechanlcal support

shall be provide_ for the avlonlcs cab:', assembly between Orbiter connector

A8_2 on buikbead X 576 a,d the PRCA. Cable clamps or other retention devices
o

sha_l be easily removable using standard tools.

E. PEP Activation: (D4) Deslgnation--A 28 VDC signal provided by a s,.ttch

located on the on-orblt station standard switch panel shpll be accessible at

Orbiter connector ASJ2 to a_ivateldeactlvate electronic equipment on the , :

PRCA.
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!
F. Array Deployment Assem.bly Data/command: (D?) Designation--Control and

J;
data signals from/to electric.1 equipment on the PRCA from/to the SPEE switch

shall be accessible at Orbiter connector A8J2. In addition, the following --i |i.

specific paragraphs/figures of the IDD shall be satisfied: !]

1. Paragraph 4.1._, Control Circuits I

2. Figure 4.1-1, Electrical Interfaces

3.4.3.3.2 RMS--Physical and functional requirements for the PEP siJe of this _;
interface as defined in Table 4.7, SOD79-0117, shall be sat%fled.

A. Array Deployment Assembly Data/Command: (D8) Designation--The continu-

ation of RMS wiring (D12), see Appendix I, acros_ the SPEE interface provides
J

control and data signals to the ADA.

B. Array Deployment Assembly Drive Power: (P6) Designation--Existing ._

relays within the RMS, when activated by D12 - Appendix I, provide power for

the Power Connector Actuator and ADA equipment.

3.4.3.3.3 Crew--Crew interfaces are with the Orblter NCDS, activation switch

and the $PEE switch both on the on-orbit station.

3.4.3.3.4 Launch Site Facilities and GSE--TBD

3.q.3.3.5 Subsystem--To be specified ie contracf_r juF_ng detail design.

3.4.3.4 Software

Software for the PEP Avionics and Control $ub=ystem shall be re-___cnt in the

SH computer and PEP equipment. Requlremen_s for the SM software sha]! De

furnished in a contract end item speciflcatlon (CEI).

PEP software initialization and operation shall not require data transfer

between 5M and GN&C computers.

The PEP software function shall be operative during SM OPS 2 a,,d So_talist

Function No. TBD and shall interface with the following:

A. Avionics equipment issue issuing command signals and _uirtng data

within the PRCA.

B. Avionics equipment processing data, issuing commands and acquiring
f

data withi n the ADA.

C. The Table Maintenance Speclallst function which provides the proc-

esslng required to display or change, vla keyboard input, selected PEP con-

stants.
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I D. Systems software associated with items appearing on the PEP Specialist

Display pag_ and the MDCS.

" Principal FEP functions to be perform_ by SH computer resident software

- Include the following:

-; A. Executive Function (Fv'.'_ -.-he EXEC D',Jctton performs function

tntttalizatLon and calls _hD. required prt[Jeipal functions in th_ " _r

sequence to o_.e,_.ute the selected software mode.
a

B. Power Swltch!n_ (PC) Control Funct1_r. {_SCF)--The "o f_1on _vents

more than one regulator per bus having centre! qt]thr.r_.7,feint,yes shunt regu-

lators operating Impro_rly from the busse_ _r.dprovides the p-_er ,:abledis-

connect function _n the e_,,ntof an emergency.

C. Status Mor,Ltor (SM)--The SM monitors critical measurement_ obtained fr_a

PEP u*.,cs In order to determine if anomalles exist in _',_Ipment operation.

Information is f¢ovlded to system software for CRT d_aplay of equipment sta-

tus.

D. Sense Voltage Settln_ (SVS)--The SVS compares t_._ regulator voltage _'

isettings to commanded values and commands change3 to setting levels until

agreement Is reached.

The PEP software shall meet the following general functional requirements.

A. General Requirements

1. Initialize and self check the electronics equipment and all

other interfaces with ADA mounted components when power is turned on.

2. Accept control commands and provide digital data and Internal

status to the Orbiter's Systems Management GPC.

3. Provide sequencing for canister rot&tlon and mast extension/

retraction.

4. Provide rotation drive levels for Alpha and Beta 8Lmbals.

B. Functlonal Requirements

I. The PEP software shall execute in a microprocessor.

2. The microprocessor software program shall perform ADA

sequencing and array gimbal control upon receipt of commands input to the key-

board of the MCDS. It shall examine a locatlon In memory _o determine its mode

of operation.

47
/

1979025069-052



3. Gimbal control modes are categorized as manual or automatic and l

shall consist of the following:

Manual Mode, Slew to Position - Causes the microprocessor 1 .,.|.

i

to slew the arrays to given Alpha anJ/or Beta angles.

b. Manual Mode, Track at Constant Rate - Causes the 1
1

• microprocessor to slew Alpha and/or Beta gimbals at commanded angular rates.

c. Automatic Mode, Track Sun - Causes the microprocessor to I

Imaintain PEP array faces perpendicular to the sunllne based upon data provided

by a two axis sun sensor.

d. Automatic Mode, Trail Position- Causes the microprocessor I
to use sun sensor signal inputs in one axis while maintaining the other axis

in a given angular position with respect to the Orbiter velocity vector. I

4. A stop mode shall be provided which terminates the current ADA

activity and causes the ADA to revert to a safe condition,

5. A test mode (disabled during flight) shall allow the loading °

and execution of special test software,

6, The s:ftware shall monitor external events via digital or dis-

crete inputs and/or analog signals, These shall include latch positions, shaft

encoder and sun sensor Inputs, Provision shall also be made for monitoring

solar array and other ADA component status and formatting and buffering thls

data for transfer to the GPC,

3.4,4 Thermal Control Subsyst.em

The thermal control subsystem shall maintain PEP equipment within temperature

limits by active and passive means. PEP voltage regulators shall be actively

cooled by a PEP Freon 21 loop which ties into the Orbiter aft cold plate loop,

The various avionics components are passively thermal controlled by

preferential location, surface coatings and electrical heaters.

3,4,4,1 Performance

The thermal coltrol subsystem shall provide active cooling for PEP voltage

regulators to maintain temperature within acceptable limits as determined by

the Contractor.

PEP active cooling shall employ the Orbiter aft cold plate loop which shall be

circulated through PEP cold plates, The PEP regulators shall be mounted on the

cold plates. I
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FEP avionics shall be maintained within temperature limits by passive means

such as special mounting provisions, surface coatings and electrical heaters.

3.4.4.2 Physical

: PEP cold plates shall be designed to allow removal o£ either of the attached

. voltage regulators without removal of cold plates and without d_maKe to fluid

lines and components.

The ti_ermal control subsystem when mo_ted to the PECL shall be capable of

being installed at any position within the bay with the provision of ki_s.

" 3.4._.3 Interfaces

Figure 13 identifies interfaces that exist between the PEP Thermal Control

Subsystem and the Orbiter. Letter deslgnatlons of these interfaces apply to

both physical and functional characteristics ac defined in SOD79-O117.

3._.4.3.1 Orbiter

A. Coolant Supply/Return - Loops 1 and 2: (F2) Designation--Physical and

functional requirements for the PEP side of this interface as defined in Table

q.3, SOD79-0117, shall be satisfied. Specifically, Paragraph 4.3 of the IDD

shall be satisfied.

B. Plumbing Mount - Loops 1 and 2, Cold Plate: ($6) Designation-- Phys-

ical and functional requirements for the PEP side of this interface as defined

in Table 4.3, SOD79-0117, shall be satisfied. Specifically, Paragraph 4.3 of

the IDD shall be satisfied.

3.4.4.3.2 RMS--None

3.4.4.3.3 Crew--None

3.4.4.3._ Launch Site Facilities and GSE--TBD

3.4.4.3.5 Subsystems--To be specified by the Contractor ourlng detail dPslgn. !
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3.5 GROUNDSUPPORT

.- 3.5.1 General Requirements

Ground support equipment (GSE) will be required to provide support and serv-

ices to the PEP during integrated checkout and acceptance verifications at the

factory plus prelaunch ground processing operations at KSC. These servlcos

will include electrical power, power distribution, cooling, controls and

. displays, real time data processing, recording of data and transportation and

. handling. Where practical and cost effective, the equipment design shall make

maximum use of exlstlpg or modified end items and new hardware design shall be

minimized. Where possible, government furnished equipment (GFE) wlll be util-

ized to satisf) GSE requirements. GSE shall be designed in accordance with the
=.

requirements in SE-O002.

3.5.2 Electrlcal Ground Support Equipment (EGSE)

Tl'eEGSE shall support PEP operations at the factory and launch slte per

requirements indicated in the following _ragraphs.

3.5.2.1 Solar Array Power Simulator

A solar array slmulator shall supply DC power to the Power Regulation and Con-

trol Assembly during PEP factory integrated testing and launch site checkout

and interface verifications. Dual outputs (or dual supplies) shall be pro-

vided. Each output shall furnish 6.0 kilowatts of power over a range of 117 to

239 volts dc (approxlmately 52 amps at 117 volts or 25 amps at 239 volcs).

Power outputs shall interface with the PEP power distribution cable on the RMS

(or ground test equivalents).

3.5.2.2 Power Bus Load Simulator

A power bus load slmulator shall provide loads for the PEP output buses, one

bu_ at a time, during factory integrated test and launch site checkout.

A load capab111ty of up to 11.0 kiiowatts at 30 volts dc (approximately 370

amps) will be supplied. Loads shall be applied in three or four fixed incre-

ments or as continuously varlable (or combinations thereof)

The simulator shall be manually connected one bus st a time at the Power Regu-

lation and Control Assembly.
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2.5.2.3 Canister Electrical Simulator

A solar array canister simulator shall provide electrical loads and feedback

PEP factory integrated testing and launch site checkout and Isignals

interface verifications.

Mast deploy/retract motor loads shall be simulated for each of the two array l

wing canisters. Latch and deployment position feedback signals will be pro-

vided in the simulator for each canister, l

The simulator will interface with the electrical control unit on the Array

Deployment Assembly. _"

3.5.2.4 interface Test Unit

An interface test unit will electrically simulate the Orbiter for data, con-

trols and power during PEP factory integrated testing and launch site

checkout.

Capability shall be provided for the following:

• 30 volts dc Orbiter power to PEP electronics

• Control and data monitor (digltal interface)

• Operator interface for test operations

• Real time data recording (strip charts)

The unit shall interface with PEP electronics assemblies on both the Array

Deployment and Power Regulation and Control Assemblies via test cables.

3.5.2.5 Orbiter Cable Simulator

An Orbiter cable simulator set shall replace the PEP-to-Orbiter interconnect

wiring during factory integrated testing and launch site checkout and

interface verifications.

All in-flight power, control and monitor ?unctions shall be included between

_,,efollowing items:

• .qolarArray (via Power Simulator) and PEP Power Regulation and Control

Assembly.

• Array Deployment Assembly and Orbiter (via Interface Test UNit).

T

J
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• Power Regulation and Control Aosembly and Orbiter (via Interface Test Unit

and Power Bus Load Simulator).

i" • Canister (via Canister Electrical Simulator) and Array Deployment Assembly

electrical controls.

7-

Cables shall be of sufficient length to interconnect the various units in a

test configuration or with PEP installed In the Orbiter bay. The RMS/Array

Deployment A_embly electrical disconnect shall be provided in the cable.

_ 3.5.3 Mechanical Ground S_port Equipment (MGSE)

The MGSE shall support PEP operations at the factory or launch site per

requirements indicated in the following paragraphs.

3.5.3.1 Thermal Conditioning Unzt

_ A thermal conditioning unit will provide cooling for the Power Regulation and
A

Control Assembly eq.ipment during factory integrated testing and launch site

checkout.

i
A minimum of I kW thermal cooling wlll be provided by flowing Freon 21 through

the Power Regulator and distribution cold plate coolant loop.

Connection with the cold plate fluld disconnects shell be via flexible lines

i provided with the unit

3.5.3.2 Freon Leak Detector

A freon leak detector shall be provided to measure/detect freon leaks during

factory integrated testing or launch site checkout and interface

verifications.

The unit shall be In a portable hand held configuration and placed adjacent to
freon lines and cold plates (no direct interface with PEP).

I _.5.3.3 PEP Strongback

A PEP strongback shall provide the capability to simultaneously remove/install

the PEP Array Deployment and Power Regulation and Control Assemblies in
factory and launch site test fixtures, in CITE and the Orbiter payload bay.

I The str_n_bqck will interface directly with PEP structure.

/
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3.5.3.4 PEP Test Fixture I

A PEP test fixture shall hold both the Array Deployment and Power Regulation R

|anC Control Assemblies during factory integrated testing and launch site

checkout.

The fixture shall locate the PEP as _lose to the ground as practical to pro-
?

vide convenient personnel access to equipment. I !
w

3.5.3.5 PEP Transporter
t

transporter shall provide the capability to support and enclose the I

L

A PEP

Array Deployment and Power Regulation and Control Assemblies during trar_por-

tation between:
• Factory and ETR checkout facility

• ETR checkout facility and O&C Building -"

• O&C Building and OPF

• OPF and ETR checkout facility

Capability to include the attached PEP strongback during transportation shall

be provided.

The transporter shall maintain a 100,000 class clean internal environment.

3.5.3.6 PGHM Adapter

A PGHM adapter shall provide the capabillty to remove the PEP from the Orbiter

payload bay (vertical orientation) at the launch pad (for contingency opera-

tions _nly).

The adapter shall enable simultaneous removal of the PEP Array Deployment and

Power Regulation and Control Assemblies via the PGHM.

3.5.R.7 Transportation Kit

A transportation kit shall provide a container for shipping various loose

items associated with other GSE (fluid interconnect lines, test cables,
r

hoisting slings, etc.).

_.6 PRECEDENCE [

The requirements of this specification shall take precedence over all docu-

ments. Whenever a requirement is not explicitly specified in this document, a I
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i
suitable standard or specification shall be selected in the order of prece-

dence indicated in the following paragraphs, The selection of a standard or

i specification of lower precedence shall be made only when standards and

specifications from groups above it are not suitable for the application.

The Contractor shall notify the procuring NASA agency o£ each instance of
w

conflicting or apparently conflicting requirements,

Document Groups by Precedence

Level _ - Related Power Extension Package Specifications

Level II - Procuring NASA Agency Specifications and Documents

Level III- Other NASA Specifications and Documents

Level IV - Federal and Military Standards Listed In Department of Defense

Index of Specifications and Standards

Level V - Industrial Standards and Specifications Promulgated by Nationally

Recognized Industry Associations, Committees and Technical Societies

Level VI - Company Standards and Specifications

-. / , 56
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Section 4

OUALTTY ASSURANCE PROVISIONS

|

1 "; The PEP requirements of Section 3 of this specification shall be verified in ;

. accordance with the requirements and instructions presented in this section.

4.1 GENERAL

A. The methods of verification shall be as follows:

I 1. Inspection--Verifies conformance of physical characteristics to

related requirements without the aid of special laboratory equipment, proce-

dures and services.

2. Demonstration--Qualitatively verifies the required operability

I of equipment (or components thereof) by means which do not necessarily require
use of laboratory equipment, procedures, items or services to indicate

I conformance to specified requirements.
3. Similarity--Verifies that PEP components satisfy their require-

ments, based on the certified usage under similar operating conditions.

I q. Analysis--Verifies conformance to requirements based on stud-

ies, calculations and modeling.

I 5. Test--Qualitatively and quantitatively verifies the required

operability of equipment (or components thereof) by technical means requiring

I use of laboratory equipment, procedures, items or services to determine
conformance to specified requirements.

I B. Test categories shall be those defined below:
I. Development tests--All non-recurring tests necessary to acquire

i engineering design information and confirm engineering hypotheses by use oftest articles such as models, prototypes or preproduction systems and subsys-

tems or equipment.

I 2. Qualification tests--All non-recurring tests necessary to dem- :

onstrate that hardware items will perform within required tolerances over the

I range of operational and environmental criteria delineated in the related and (
approved development specification and drawings. _Iso verifies effectiveness

I of the manufacturing process. I
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3. Acceptance tests--All recurring tests necessary to demonstrate 1

that specific hardware items will perform as delineated in the related and I

approved product fabrication specification and drawings listed. Also verifies 1

that the manufacturing process has not changed since qualification under Test

-' Category 2 and that adequate quality control is being maintained. 1
T

4. Launch validation tests--All recurring tests necessary to dem-

onstrate that each assembled PEP, when operating in conjunction with STS 1
4

equipment and facilities, will perform within required tolerances over the

range of operational and environmental criteria delineated in the related and '-

approved product fabrication specification and drawings listed.

C. Except for tests requiring government facillties, testing shall be

performed at the most cost effective location as determined by the contractor. ..

For testing requiring government facilities or support, such as launch valida-

tion tests and in-flight qualification testing, the contractor shall notify

NASA in time to assure PEP schedule compatibility.

q.I.1 Responsibility for Tests

Development, component and subsystem qualification, and acceptance tests shall

be the responsibility of the contractor. Launch validation tests and the first

on-orbit system qualification flight test shall be the responsibility of NASA

with the contractor proviaing test support and analysis.

4.1.2 Speclal Tests and Examinations

4.1.2.1 Component Oualiflcation Tests

Components shall be qualified by similarity where practical. Otherwise,

testing shall be conducted to verify capabilities in the following environ-

ments.

A. Thermal vacuum

8. Thermal cycling

C. Random vibration

D. Acceleration

E. EMC

MCDOItlItlILL DOUGLAS_
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q.1.2.2 Component Acceptance Tests

Component-level acceptance tests shall be performed on all components
T
•_ including spares and qualification test articles. Acceptance tests shall

include the following environments.

! A. Thermal vacuum

B. Thermal cycling

T C. Random vibration

- D. Burn-in (where appropriate)

_ E. Lot sampling

4.I.2.3 Mass Properties

- Component mass properties shall be determined and recorded.

4.1.2.4 Test Records=.

Adequate test records of all component acceptance testing shall be kent by the

contractor in the form of data packages and shall be made available to NASA on

request. These data packages shall contain the diagnosis and disposition of

all failures. Failure analysis reports shall also be included. All failure

analyses reports shall be available to NASA.

4.1.2.5 Subsystem Acceptance Tests

All subsystems shall be functionally verified and accepted at the contractor's

facility prior to performing the system functional test. Testing shall be

performed in a sequential manner such that subsequent tests do not invalidate

prior tests. All failures, anomalies and discrepancies shall be corrected

prior to the first functional test. As a minimtm, the following criteria shall

be established for acceptance test sequences:

A. Any subsystem that is being tested must be of flight configuration.

. B. Normally, no components shall be removed after the test is completed

unless the removal is part of a normally expected procedure.
q

] C. Removal of a component from the subsystem for any reason other than

that normally expected invalidates all of the acceptarce tests run on the sub-

] system and will require complete retest.

D. All procedures must contain acceptance tolerance values for all data

I points to be verified and recorded.
E. All subsystem tests must be run as an entity.

F. Retest of a subsystem shall be required in the event of a failure

I affecting that subsystem during subsequent testing.

Sg

MCDOnnELL _OUO /L_

1979025069-063



q.1.2.6 System Qualification Tests 1

PEP system qualification testing shall be accomplished on-orbit during the

first flight. I

4.1.2.7 System Acceptance Tests I

PEP system level acceptance tests shall be performed to verify proper integra-

tion of the components and subsystems into the flight PEP system. Testing 1
|shall verify the following capabilities:

A. Functional

B. EMC I

q.1.2.8 Launch Validation Tests I

Launch validation testing shall be performed prior to each PEP-supported

flight to verify operational integrity of the PEP. T

[
4.2 QUALITY CONFORMANCE INSPECTIONS

Quality conformance inspection shall be performed in accordance with the [
#

requirements described below. Test specimens shall be identical to those of

the flight articles. When environmental conditions cannot be properly or _i

conservatively simulated in test, allowances for material properties, combined

loading and other missing effects shall be provided In test procedures and

applied loads. Where prior loading histories affect the adequacy of a test

article, these shall be provided in test procedures and applied loads. Where

prior loading histories affect the adequacy of a test article, these shall be [

included in all test requirements. Adequate instrumentation shall be provided

in order to evaluate test results. All component level qualification testing

shall be completed prior to shipment of the first PEP to ETR. Environmental

acceptance testing of components shall be completed prior to the first instal-
ilation of a PEP in an Orbiter. Environmental acceptance testing shall be

performed on each qualification component prior to component qualification

testing. I

q.2.1Requlrements/Verificatlon Matrix [
A Requirements/Verification Matrix, Figure 14, shall be developed for the

requirements of Section 3. I

r
,4
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II I,I I is i , i , r

REQUIREMENTS/VERIFICATION MATRIX
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!
_.2.2 Qualification Certification |

qualification test summaries, related to q,I.2.1 and q.I,2.$, shall be pre-
i

pared by the contractor for NASA approval for all items requirin8 l

qualification. As a minimum, these summaries shall include,

• Part identification I

• Test requirements identification

• Test procedures identification i
i• Test schedule and progress

• Documentation o£ test anomalies

!

i
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: Section 5

PREPARATION FOR DELIVERY

" 5. I GENERAL

- Supplier of PEP equipment shall be responsible to preve_'.tcorrosion, deterlo-

. ration, physical damage and to ensure safe delivery in good condition. Caps,

plugs, or other methods shall be provided to prevent the entrance of foreign

materials to threads and mating surfaces (i.e., fluid lines).

- 5.2 PRESERVATION AND PACKAGING

- PEP equipment shall be cushioned and packaged in accordance with NHB 6000. IC,

Chapter 2 to maintain quality of materials during shipment from supply source

to the first receiving activity at the ETR. Specific PEP transportation envi-

ronments are delineated in the FEP Environmental Specification (MDAC 1D23452)

Paragraph 3.1.1.

5.3 PACKING

PEP equipment pack_ged per 5.2 shall be packed in a manner to assure carrl-- |

, acceptance at the lowest freight rates, and to assure safe delivery from s .l-

ply source to the first receiving activity at the ETR.

5.4 MARKING

All containers shall be marked in accordance with NHB 6000. IC, Paragr3ph 212.

5.4. I Non-Government A6encles

Unit, intermediate, and shipping containers shall be durable and legibly

marked with a minimum of the following information.

A. Part number

B. Order number

C. Manufacturer's name or identlfioa'_.loncode rumber

D. Hardware quantity

J

5.4.2 Governmental A6encies

I In addition to the marking required by Paragraphs 5.4 and 5.q.I, direct ship-
met.is co governmental agencies shall be marked in accordance with MIL-STD-129.

1
I
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Section 6

NOTES

6.1 ABBREVIATIONS AND ACRONYMS

Aim Amperes/meter

ADA Array Deployment Assembly

AFD Aft Fllght Deck

ASSY Assembly

BOL Beginning-of-Llfe

CCTV Closed Circuit Television

CEI Contract End Item

CG Center of Gravity

CITE Cargo integration and Test Equipment

CRT Cathode Ray Tube

DC Direct Current

EGSE Eleccrlcal Ground Support Equipment

EOL End-c.f-L.fe

ETR Easter. Test Range

EVA Kxtravehlcular Activity

GFE Government Furnished Equipment

GPC General Purpose Computer

GSE Ground Support Equipment

ICD Interface Control Document

IDD Interface Definition Document

I/F Interface

IVA Intravehicular Activity

kW Kilowatt

KYBD Keyboard

LRU Llne Replaceable Unl_.

MCDS Multifunctional CRT Display System

MCIU ;danlpulator Controller Inter face Unlt

MDA Maln Distribution Assembly

MGSE Machan!cal Ground Support Equipment

" / 86
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!
MTBF Mean Tlme Before Failure

MTTR Mean Time to Repair

N Newtons l
nm Nautical Mile(s)

O&C Operations & Checkout I
tP

OPF Orbiter Processing Facility

P Nominal Array Capability TA
PEP Power Extension Package

PGHM Payload Ground Handling Mechanism t
PRCA Power Regulation and Control Assembly _|

PRCS Primary Reaction Control System

RHC Rotation Hand Controller

RMS _emote Manipulator System

SM Systems Management I

SPEE Special Purpose End Effector

STS Space Transportation System

SVS Sense Voltage Setting

SWAT Space Wide Angle Telescope

THC Translational Hand Controller

VAB Vert:cal Assembly Building

vdc Volts Direct Current

VRCS Vernier Reaction Control System

V Nominal Voltage Set Point
S

WTR Western Test Range _

wlm2 Watts per Square Meter

6.2 DEFINITIONS

Alpha axis--The axis of the PEP gimbal system which is maintained perpendicu-

lar to the orbit plane and may be driven up to orbital rate to align the array

axis perpendicular to the sun from sunrise to sunLet. _:

Beta axis--The axis of the PEP glmbal system which is fixed parallel to the
j i

plane of the array and is driven from 0 to 90° to align the plane of the array

perpendicular to the sun line,

t "
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I Contractor--The commercial business which receives contract award from NASA to
perform in accordance wlth this PEP System Specification.

I External turnaround checkout--Complete inspection and detailed checkout of the

PEP including sending of the array to the vendor for cleaning, inspection and

I electrical checks and returning it to the using agency.

Operational checkout--Time required to turnaround the PEP from the time of

I removal in the OPF through transportation to the OPF for next flight installa-

tion.

l Sun angle (B)--The angle between the sun llne and its projection on the orbit

plane.

Sun llne--A llne from the sun to the array.

67
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_. A.I SCOPE
i

This appendix contains a description of the PEP-related interfaces which:

3- • Support the functional operation of the PEP to Orbiter and RMS .

•" interfaces and/or

• Affect the characteristicsof the PEP to Orbiter interfaces

. This information is provided to permit a clear understanding of the interface

descriptior=sprovided in Sections 3 and q of the specification.

Q

A.2 GENERAL

The RMS represents the means of communication between the deployable (ADA) and

• fixed (PRCA) assemblies of the PEP. This communication is further routed via _'

the Orbiter in order to utilize standard provisions. (For example, in the

event the RMS must be jettisoned for safe Orbiter return, wiring i3 severed by

the Orbiter guillotine.)

In addition to crew operation of the RMS via the Orbiter, crew operation and

monitoring of the PEP utilizes display and control provisions at the AFD crew

station. Included among these provisions is viewing through windows and via

CCTV monitors.

Interfaces of the Orbiter with the tunnel and with the Spacelab are important

to PEP because of envelope considerations and because these elements share the

use of Orbiter bridge fittings with the ADA. In the case of the tunnel, the

_ existing tunnel bridge fittings will not accommodate the ADA and therefore are

replaced with Orbiter standard bridge fit+ings available for payload applica-

. tion.

During operation, the PEP utilizes the RMS and its SPEE wiring. If another >
payload on the same mission requires use of the RMS, the ADA may be

temporarily restowed in the Orbiter cargo bay and the RMS freed for other

MCDONNELL DOUG e
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t,

usage. If this p_y!oad also requires use of the RMS SPEE wiring, then a means I

of switching (or sharing) is provided within the Orbiter. Such provlston,

while not currently standard, is also required to support t_ or more such
f

payloads on a non-PEP fllght.
t

A.3 ORBITER TO RMS INTERFACES

Figure 6 identifies physical interfaces between the Orbiter and the RMS. While T

these physical interfaces do not affect PEP directly, some of the correspond- I

ing functions apply. From left to right, these interfaces are:

t

D12 - Electrical connector interface at RMS shoulder. This is a standard pro-

vision, utilized in this case to transmit the data/command signals identified

in D7 (Paragraph 3.1.5) from the Orbiter to the RMS.

D12 - Electrical connector interface at RMS shoulder. This is a standard pro-

vision utilized in this case to transmit an activation signal to the RMJ

relays, that enables ADA to draw current via the interfaces identified in £7

and in P6 (Paragraph 3.1.5). The cre_ initiates this signal by the same AFD

switch identified in D4 (Paragraph 3.1.5).

P7 - Electrical connector interface at RMS shoulder. This Is a standard provi-

sion that supplies power for normal RMS functions. In this case, power is also

supplied to the RMS relays, identified in D12 above.

/ 70f..-_/
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