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Suwmnars
The Jonfiguration Jontrol Board Directive (CCED) entitled Orbiter/
Fayload Interface .onmunications (Attachment 1) greatly increases
the capability of the Orbiter to communicate with a wide variety
of projected chuttle payloads. However, rather than being derived
fram individual payload cammunication requirements, the CCED appears
to be based on an operational philosophy that requi;es the Orbiter
to duplicate or augment the Ground Network/Payload com{unic'at.ion
links. This philosophy is not substantiated by the Space Shuttle
Program Requirements Document, Level I, Rev., No. 6 (Attachment 2).
Orbiter capabilities with the implementation of the CCED should
be reviewed and compared with the Lé\rel I Program Requirements
Document, any.differences reconciled, and interface characteristics
defined.

With or without the CCHD, many incampatibilities between Orbiter
capabilities and projected payload characteristics appear to
exist, as indicated by the entries accampanied by asteris_ks in
Tables 2 and 3. Interfaces between Shuttle and payloads should be
reviewed jointly by JSC and cognizant representatives of the
"payload cammunity" and any incompatibilities eliminated.

Introduction
In response to a Program Office request, a study of the Orbiter/
Payload data and communications interface impact resulting from

RECP ROO686A has been performed from an operational perspective.

ORIGINAL PAGE
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The study was initiated with the objective of providing an independent
asseccsment of the necessity of the changes proposed in the RECP.
The CuHD implementing portions of the RECP is contained in Attachment 1

and has been used as the basis for this study.:

3. Orbiter/Payload Lommunication Baseline
: Table 1 presents a sumary of the Orbiter/Payload interface requpn-

ments delineated in the UCED Vs. the baseline requirements. Apre-

liminary attempt at implementing the . CED requirements into the
affected Orbiter hardware design at the signal flow level has been

performed by JSC and support personnel and is shown in Figures 1 and 2.

4. Payload Communication Requirements

" A. Basis for Requirements in o2
In an attempt to identify which specific payloads generated the

i - individual requirements reflected in Attachment 1, persomnel at JSC,
MSFC, GSFC, JPL, and Langley were contacted. It was not possible

to assign specific requested changes to particular payloads or groups

L L ——

of payloads; rather, it was universally stated that the requi;'ements
given in Attachment 1 were generated from consultations among re-
precentatives of the payload cammunity and that they ;'eflect the
minimum requirements governing payload design E.. e., 'l;.hey represent
: the Network (STDN, DEN, and SCF) Communication Standards and Tracking

Data Relay Satellite System (TRRSS) User's Guide Requirements] .
It was considered necessary that the Orbiter implement the same
functional capabilities as the Ground Networks and the TDRSS so that
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Orbiter-to-Payload communications could be accamplished in the same
manner as Payload=to-Ground carmunications. Specific, detailed,
documented payload requirements necessitating augmentation of the
Ground/Payload link with a Ground/Orbiter/Payload or Orbiter/Payload
Link were not.available. Several generalized reasons for this
capability such as crew safety, increased communication coverage,
and payload checkout by the Orbiter were mentioned by representatives
of the "payload cammunity." ; : .

Space Shuttle Traffic Model TM X-64751 Rev. 2 (Reference 7) shows
a total of 986 payloads, distributed as follows:

NASA AUTOMATED . 221
NASA SORTIE 286
NASA TOTAL 507
' NON-NASA AUTOMATED 125
2?1%"0%1‘ PAGE IS NON-NASA SCRTIE 50
QUALITY NON-NASA TOTAL 175
DOD 304
SUM TOTAL 986

—

'rhe' sortie and DOD payloads account for a minor portion of the overall i
requirements represented by the CCE. The automated (detached) payloads
(total, 346) account for the greater part of the changes - particularly
the ones with greatest overall Program cost impact | selectable modulation/
RF configurations (part 1 of CCHD), many new command and bit rates

(parts 2 and 4), and pre-launch payload direct RF link (part 6] ¢

All of this group except part 6 imply operational use of the Orbiter

as an extension of the STDN and TDRS, rather than as a delivery/retrieval

conveyance and limited in-orbit checkout sﬁpport. vehicle.
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B. Payloads Command Telemetry Requirements
Tables 2 and 3 show payload requirements extracted fram MSFU Level A

Data documents Swrmarized liasa Pavload Descriptions (Preliminar&)
for Automated (Detached) and Sortie (Attached)' Paylo;ds (References
_ 3 and 4, respectively). No camparable‘descriptions could be
located for DCD payloads. Foreign Aut.om.at'.ed f:ayloads are included
;Ln the Level. A Autu:'zat.ed Payload Data document, but foreign

Boitds phyloads are not in the coipanion Tevel A Sovtds Piylcads
document; the latter are in a separate European Space Research
Organization (ESRO) Space Shuttle Payload Description (SSPD) document
which was not available for this study. However, the author of
the Automated Payloads Level A document stated that the foreign
| Sortie Payload communication requirements are very similar to

those given in the Sortie Payloads Level A Data document.

As shown by Tables 1 and 2, many bit rates required for payload.
camands and telemetry, according to the MSFC Level A Payload
Data documents (reference 3 and 4), are not available in either
the current baseline Orbiter T&C system or in the new baseline
as it will exist with the implementation of Attachment 1. Also,
in those cases where a wide-band cammunications link is implied,
it is characterized as X-band rather than the currently-planned
Ku-Band. . |
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§. Space Shuttle Frorram Fequirements

The Space Shuttle Progiram Requirements Document, Rev. No. 6
(Attachment 2) was used to assess the operational requirements

levied on the Orbiter by NASA CMSF. Fertinent sections or parts
of sections are repoduced here for the.conwenience of the reader
" (underlining by suthor of this study).
3.0 OFERATIONAL REWUIREMENTS
3.1 Genéral. The Space Shuttle System shall be designed to‘
accompiich;a wide variety of missions. The Shuttle System
weight carrying capability into circular orbit shall be
based on the performance required to execute mission 3A.
The equivalent maximum performance is shown in.fisurea
3.1 and 3.2 for the range of inclinations and altitudes
indicated. The payload cépability curves assume a simple
deplbymont mission with no rendezvous, 22 fps (6.9 m/sec)
OMS Reserves, 4,500 lbs. (2.041 kg) of RCS propellant,
and direct deorbit. (Reentry performance restrictions
are addressed in Par 2.4,. Detailed Shuttle System per-
formance questions should be addressed to the JSC Shuttle

Program Office).

Space Shuttle missions will involve direct delivery
of payloads to specified low Earth orbits; placement of
payloads and transfer stageé in parking orbits for sub=-

sequent transfer to other orbits; rendezvous and station

;heegggg with detached payloads for on-orbit checkoutj

ORIGINAL PAGE IS
OF POOR QUALITY
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return of pa:}loads to Earth from a specified orbitj;
and provisions for routire and special support to space
activities such as sortie missions, rescue, repair, main-

tenance, servicing, assermbly,disassembly and ‘docking.

> 4L.0 OREITER/PAYLOAD I.TERFACE REUIREMENTS

4.1 Payload Definition. Payloads referred to throughout this
document are construed as the collective grouping of space
hardware items such as: Spacelab, experiments, research
equipment, satellites, support modules, adapters and
fueled tra-sfer stages or equipment, into abpropriato
camposite flight packages. For definition of Shuttle/
Orbiter payload accamodations, Areter to Space Shuttle
System Payload Accammodations Document. JIn _the interest

of maintaining minimum interface, (clean interiace philos=
ophy), payload designs Should, where possible be self=-

sufficient systems, capable of checkout before installation
the Orbiter and adaptable to stand zed interfaces con-

epts jo develo between loads Space Shuttle.

4.2 checkout. Payload performance testing and payload system
checkout will be required prior to installation. Fayload
checkout while on the launch pad will be minimized and

physical access to the payload will be limited. On-orbit
status checks of the payload will be provided via the

ORI(}LNARDQPUAGA&;: - Orbiter prior to release and/o: retrieval,
oF POOR & :
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4.3 Data Management. The Orbiter shall provide standard
displays and controls for monitoring the safety status
of the payload. The payload shall provide to the Orbiter,
at the interface, such information concerning the status
or condition of the payload as is necessary %o insure
safe vehicle operation. Digital, discrete, and analog
signals shall be conditioned by the payload and supplied
to the Orbiter Vehicle. Such equipment and capability:
shall be chargeable to the payload. FPayload unique
control and display accommodation with the Croiter cabin

shall be chargeable to the payload. A minirun standard
terface shall be provided to exchanse data for safety
and péxload status checks, and vehicle and cperational*

ameters, such as navigation e and control.
Additional support may be feasible during certain
operational modes.
4.4 Payload Communication. The Orbiter sha rovide direct

and relay telemetry, command, .and two-way voice cap-
ability with attached payloads and with relezsed payloads,
The Orbiter shall be pagable of receiving and displaying

ted payload dat clud video information and the

RF downlink shall provide for relay of these limited payload

data to the ground for both attached payloads and for re=-
leased pavloads,

ORIGDy,,. .
o
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sonclusions and Reccrmendations z
No docurented evidence could be found t’? indicate that the

operational capabilities provided oy the .C2D were derived directly

fram the requirements of individual payloads, Rather, it appears

that they were drawn from ground network and TDRLS capabilities.

The (2D therefore. appears to be based on an operational philosophy

that implies operational use of the Orbiter as an extension of

the STDN, SCF, and TDESS, rather than as a delivery/reirieval

conveyance and limited in-orbit checkout support vehicle. This

premise is not substantiated by the Level I Space Shuttle Erog-;rgn
Requirerents Document, Rev, lio., 6, which requires a minimum standard
interface. The need for Orbiter-in-the-loop Ground/Payload
ccmmunications should be investigeted. Perhaps the Orbiter could
perform limited payload checkout 'via hardline prior to payload

deployment and control could be shifted to direct Ground/Fayload

RF link or relay via TDRS. Generalized payload requirements

citedl to justify the CUHD relative to crew safety,unbroken communications
during deployment, and communications contact time should be
substantiated and documented on an ixxdj;vidual payload basis.

If it is considered mandatory to implement the CCHD, alternative
methods of achieving the RKF and modulation capabilities should

“be investigated = for example, mission-specific configuration

employing "plug-in" modules for different KF channels and modulation
schemes. This might significantly reduce initial Program costs

ORIGINAD PAGR IS
Y POOR QUALITY
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associated with Oroiter/Fayload interface requirements , and
facilitate the incorporation of advances in technology during
the life of the Program.

Many apparent incompatibilities remain to be eliminated. For
exacple, many command ard telezetry bit rates reflected in
Reference 3 and 4 (summarized in Tables 2 and 3) are not in-
cluded in the current baseline, nor are they accounted for in
the JC3D. Also, there are several references to X-3and RF for

autcmated payloads.

The interface should be reviewed jointly by JSC and cognizant
representatives of the "payload community" and any incompatibilities
eliminated to avoid possible "surprises" later. :

ORIGINAL pag
OF POOR QUAI?TI:
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TADLE 1 ;
CHBITER
SELATANLE Fis.URNCIES
FO& PAYLOAD INTZRFACE
CUFFENT PASZLING NEW CCBD
CAPABILITIZS CAPABILITIES
NA3A ' NASA Laary
VITH S
20:2.135 to 2115.614 iHz (20 CH) Tx: 'Eg; to 2ﬂo ¥Hz (739 CH)
4L.60L MHz INCREMENTS 4 fls.l KHz INCREMENTS
2202.% to 2297.5 MHz (20 CH) Rx: 2200 to 2290 MHz (721 CH)
5.0 1z INCRTMENTS ; 125 KHz INCREMENTS
. ; _P/L WITH TDRSS MULTIPLE ACCESS
| Tx: 2092.59375 or 2106.L0625 MHz
| : 2272.5 or 2287.5 MHz
' P/L WITH DEEP SPACE NETWORK s
| TX: 2110.243056 to 2119.792430 MHz (29 CH)
| 341,049 Hz INCREMENTS
RX: 2290.185185 to 2299.214815 MHZ (27 CH)
* 370,370 Hz INCREMENTS
‘ B/L WITH oamm%gass '
. 7X: 2028,1354 to 2115.61L5 MHz (20 CH) =
4.60L1 MHz INCREMENTS
RX: SAME
DoD D
P/L WITH AE_FORCE SGLS
1763.721 to 1839.795 MHz (20 CH) TX: SAME
4,004 MHz INCREMENTS :
2202.5 to 2297.5 MHz (20 CH) RX: SAME

4.0 MHz INCREMENTS .

# 'ESSENTIALLY THE SAME AS CURRENT BASELINE,
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.TABLE 1 (Continued)
SELECTABLE MODU ATION
FOR PAYLOAD INTnnFACE

CURRENT BASELINE
CAPABILITIES

NEW CCED
CAPABILITIES

NASA

Tx: PCM (Bi-@-L)/PM
Rx: FCM (Bi-f-L)/PM

Tx: PSK/AM Tones (65, 76, 95 KHz)
Rx: PCM/PSK/PM (PSK DATA ON 1.oat./mmu
- subcarrier)

NASA

P/L WITH STDN
T™x: PCM/PSK /PM

Rx:

Tx & Rx:

Tx:
Rx:

S/C: 30 K4z and/or 70 KHz
PC

S/C: 48, 6L, 128, 192, 256, 384
576, 768, 1024, 1600 KHz

P/L WITH TDRSS MULTIPLE ACCESS
PCM/PRN/PSK
. SPREAD SPECTRUM

P/L WITH DEEP SPACE WORK
- PCM/PSK/PM

S/C: ANY EXISTING DSN UFLINK S/C

PCM/PSK/PM
S/C: ANY EXISTING DSN DOWNLINK S/C

K -
8 KBPS COMMAND OR 8 KBPS COMMAND
PLUS 32 KBPS A-MOD VOICE
TDM/PSK
16 KBPS DATA OR 16 KEPS DATA
PLUS 32 KBPS A-¥OD VOICE

DoD

WITH AIR FORCE SGLS
ON=OFF KEYED, AM TONES

s 76,
FCM/PSK/FM (Data on 1.ousmz S/g;m‘ i

and PCM/PSK/FM o>
(mc-r%m{r/:e (Data on 1.7 MHz S5/C)

N e
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TABLE 1 (Continued)
opmmén
PAYLOAD COMMAND RATES
CURRENT BASELINE ADDED CCED
CAPABILITIES CAPABILITIES
NASA: 2 KBPS NASA:  DETACHED & ATTACHED
: 1,2,4,8,16,32,64,128
* 256,512 and 1000 BPS
(3.84 KBPS ATTACHED ONLY)
DOD: 2 K-BAUD DODi. 1 K-BAUD
ORBITER/
PAYLOAD TELEIZTRY BIT RATES
FOR PAYLOAD INTERFACE
CURRENT BASELINE ADDED CCED
CAPABILITIES CAPABILITIES
NASA: 16 KBPS NASA: 8 THROUGH 128 BPS INCLUSIVE
= : IN 1-BPS INCREMENTS; AND
1,2,4L and 8 KBPS
NOTE: (JPL INDICATES THAT THE 1-BFS
INCREMENT WILL BE CHANGED TO
2-BPS INCREMENTS)
DOD: 16 KBPS DOD: 250 BPS BPS, and 1,2,4 !
g AND 16 gggb o s f
ORBITER/
PAYLOAD COMMAND HARDLINE INTERFACE
CURRENT BASELINE . ADDED CCED
CAPABILITIES CAPABILITIES
NASA: BI=f-L DATA LINE NASA: NRZ-L DATA LINE, CLOCK LINE, AND
P/L ENAZLE LINE
DOD: FSK/AM TERNARY SIGNAL AT A 2 K BAUD DOD: 3 DATA LINES (1, O, S) AND CLOCK
RATE LINE )
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TABLE 1 (Continued)

ORBITER/
PAYLOAD TELEMETRY HARDLINE INTERFACE

CURRENT BASELINE © ADDED CCED
CAPABILITIES _ CAPABILITIES
NASA: Bi-g-L ; NASA:  NRZ-L PLUS CLOCK
DOD: NEZ-L PLUS CLOCK DOD: ©  SAME 2
(CLEAR OR SECURE) |
= NOTE: DELETE THE REQMT FOR ORBITER |
: TO RECEIVE MAJOR AND MINOR FRAIE
SYNC INPUTS. :
ORBITER/

PAYLOAD DIRECT RF LINK - PRELAUNCH

CURRENT BASELINE ADDED CCBD
CAPABILITIES CAPABILITIES
NONE : - 1) DIRECT RF COMM (TX & RX BETWEEN
P/L's IN THE ORBITER P/L BAY
(DOORS OPEX OR CLOSED) & P/L's

GSE DURING PRELAUNCH.

2) RF RADIATION INSIDE THE BAY WILL NOT

BE DETRIMENTAL TO OTHER SYSTEMS, ;
. ~ SUBSYSTEMS, OR P/L's |

. 3) S-BAND LINK VIA THE P/L's ANT.
NOTE: THE LINK.SHALL NOT REQUIRE
AN ACTIVE ORBITER COMM SYSTEM
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PAYLOAD SICNAL PROCESSOR SPECIFICATION MCL76-0138, 7/19/7L , ROCKWELL
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1. Selectable lModulation/RF Confimurations:
M/ a. Provide additional modulation/RF frequency capabilities to

acconmodate each of the five classes of payloads defined below. Carrier

and subcarrier frequencies, and modulation schemes, as defined below,

will be selectable by both onboard and ground command. Adequate control

and display perazeters should be provided to allow system status display both
onboard and via telemetry to the ground.

R (1) Payloads Compatible with ST.DN'

-

!'omnl Link:

‘Modulation - pm/rsx/p‘a (date on 30-kHz and/or 70-kHz
subcarrier)

Carrier Frequency - 2025 to 2110 MHz in 115.1-kHz increments
Return Link: r e
Modulation - PCM/FM/P: (date on one of the following
subcarriers: 48, 64, 128, 192, 256, 384,
576 768, 102k, 1600 kiz.
Carrier Frequency - 2209 to 2290 MAz in 125-kHz increments
(2) Payloads Compatible with TDRSS Multiple Access:
Forward Link:

Modulation - PCM/PRN/PSK (spread spectm modulation at,,
" baseband) : ;

Carrier Frequency - 2092.59375 or 2106.L40625 Miz* 5

Return Link:

Modulstion - PCM/PRN/PSK (spread spectrun mialation at
. baseband )

Carrier Frequency - 2272.5 or 2287.5 Miz*

(3) Payloads Compatible with $he Deep Space Network:

*0nly one of these fr’equencies will be selected dﬁring the TDRSS design phase.

ISC Form 14218 (Apr 7)) A NASA e MyC
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.(5) Payloads Ccmpatible with Orbite'r/TDRSS:.

Forward Link:

Modulation - PCM/PSK/PM (data on any existing D3N uplin.k
subcarrier)

° Carrier Frequency - 2110.243056 to 2119.792L430 MHz in
5 3k1,0h9-}{z increments

Return Link:

Modulation - PCM/PSK/PM (data on any existing DSN
' downlink subcarrier)

Cu'r:ler Frequency - 2290.185185 to 2299 814815 Miz in
370,370-Hz increnents

(4) Payloads caupatible with Air Force SGLS:
. Forward Link: 2L &

‘Modulsation - Carrier to be phase modulated by three
' " ON-OFF keyed, amplitu.de-modula ed tones
(65, 76, and 95 kiiz).

Carrier Frequency - 1763.T21 to 1839.795 MHz in
- L.004k-MHZ 1ncrencnts

-

Retu— Link:

Modulation - PCM/PSK/F‘I (data on 1.024-MHz subcerrier) -
- and PCH/PSK/PM or (IRIG-FM/FM)/FM (data on
1.T7-MHz subcarrier)

. »

—_

Cu'rier Frequency - 2202.5 to 2297.5 MHz in S5-MHz
increments &

=~

Forward Link:

Modulation - TIM/PSK (8-kbps command transfer rate
(2 kbps information) or 8-kbps comnand
transfer plus 32-kbps 4-modulated voice)

Carrier Frequency - 2028.1354 to 2115.61L45 MHz in
h.GOhl-MHz increments.

Rcturn Link:

ISC Form 14318 (Apr 73) Jis NASA e M3L
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Modulation - TDM/PSK (16 kbps data or 16-kbps data plus
: 32-kbps A-modulated voice ; .

Carrier Frequency - 2202.5 to 2297 S MHz in 5-MHz
1ncremerts

b. Signal processlng (including channel encoding/decoding) and

modulation/dezodulation will be selectablz by both cnbodrd and ground
comzand for each of the above payload types. .

¢. Acquisition capabilities will be provided for each of the above
payload types.

1 d. RF power output and receiver dynamic range will be selectabie by
both onboard and ground co:ma.nd for each of the above payload types.

2. Selectable Comm2nd Bit Rates:

d Provide the capability of commanding payloads at the following selectable
: bit rates (only the 8-kbps NASA command bit rate requires the capability

to be time multiplexed with voice). The bit rates shall be selectable

by both onboard and ground command. Status parameters shall be provided

for onboard and ground persconnel. : ; )

a. NASA Payloads.

(1) Detached - 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1000, 2ooo,
ard 8000 (2-kbps 1n1’omtion rate) bps.

(2) Attached - Same as detached, plus 3. 81& Kbps.
b. DOD Payloads: 1, 2 K-band in either a secure or clear mode.

3. Command Hardline Interface:

r o Provide the following hardline outputs to attached payloads:

a. NASA Payloads: NRZ-L data line, Big-L data line, clock line,
payload enable line.

b. DD Payloads: 1, O, S data lines and clock line (clear and secure).

k. Selectable Tclemetry Bit Rates:

‘a. Provide the capability of rcceiving telemetry data from payloads at
the following selectible bit rates. The bit rates shall be selectable by
both onboard and ground command. Status parameters shall be provided for
onhaird anil crourd n2reonnel.

ISC Foum 14210 (Apr 72) ) NASA — MSC
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s (1) NASA Payloads 8 through 128 bps inclusive 1% l-bps
- increments; a.nd 1, 2, &, 8 and 16 kbps.

(2) “DOD Payloaas- 250 bps, 500 'bps, and 2, 4, 8, 10, end
16 kbps (clea.r and secure). -

Se Telemetry Herdlire Interface: .‘ :

- Provide the capability to accept the _:olloving herdline 1nputs trom
attached payloads: =

‘ | a. WASA Payloads: Single line 31,6-1. end NEZ-L plus clock.
"' . b mn payloads: NRZ-L plus clock (elear or secure)

. Delete the req_uirement for Orbiter to receive major and minor frame
;, sync :lnputs.

= 6. ?ayload Direct RF Lipk -- Prelauach:

;: . Provide the capsbility for direct RF comunication (transmit and

F receive ) petween payloads in the Orbiter peyload bay (with paylosd bay

| doors open or closed) and the payloads GSE during the prelaunch mission

| phase. Design or protection shall be provided such that RF radiation

inside the bay will not be detrimental to other systems, subsysteaxs,

or payloads. The link shall be S-band and shall interface with payload

via the pzyload's antenna. The link shall not require an active Orbiter

comnunication system. . e
Rockwell shall submit appropriate SCN's to Exhibit A and MJOTO-00Ol-1A-

specification for NASA approval.

-

Include in Transmittal Letter

l. Within 3o'days upon receipt of this CCA, the contractor shall prepare
and submit a B&P proposal. The B&P shall include the following:

a. Schedule of '1=p1ementation.
b. Provide cost and weight breekout by each of the six- parts.
¢. Provide scparate cost and weight breakout for implementation of

the ground configuration control for payload communication with tea.exnetry
of system status to the ground.

.4SC Form 14218 (A3 73) . L NASA . MSC
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2," Reference 1s made to JSC letter Bch2-7h/27h dated 8-2-T4, the

3.

request is hereby cancelled, paragraph 5, of CCA covers this request.

Reference letter 7L4¥A204, SRR Payload Accommcdation RID 1l-A-la,
Payload Ground Comzunications. This CCED will close letter T4MA204.

4SC Fotm 14218 (Apr 1))

NAGA = MSC




SPACS CUUTTLE
PROGRAL LEGUL.2. VS BOCU
LEVEL |

Oftilco of [.1annicd Spaco Flight
Spaco Shuiild Program

1114

81}

MARCH 12, 1074
REVISIO:I [10. 6

Attachment 2
1.2-D}=E0103=C01

Page 1 of 12

irector
Space Shuttie Program




. ' . "Attachment 2
: : : = 1.2-DN-B0103-001
= 1.0 INTRODUCTION : Page 2 of 12
1,1 Purpose and Scope. T'he purpose of this document is to establish the Ley :

mum-nu-ms for the ' Spice Shuttie ., rogran  These are requiremients estabiished by the Director

of the Space Shuttle Program as necessary to achieve Jhe ohjective of the Space Shuttle Program.
namely to: () reduce substantially the cost of space operations, and (h) provide a capability
designed to support a wide range of scientilic, detense, and commerciai uses.

I.S ace Hhunlo l’rtwrnm »Innnm:.' .uul dlr(-rlmn of NASA O onlcn should be i m accord with the

1.2 Changes. This document will be cnmrnllcd in accordance with approved Space Shuttle
Program Directive No. 1.

1.3 Related Documents. This document is in accord with the approved program approval
document and program plan. Further detail pertaining to technical and operational requirements
and to payload accemmodations can be found in Level Il documentation.

2.0 SPACE SHUTTLE SYSTEM 'REQUIREMENTS

2.1 Description. The Space Shuttle System (light hardware shall consist of a reu~ahle Orbiter
Vehicle including installed mair cngines. an expendable External Tank and reusable Sohd |
Rocket Boosters which burn in paralwl with the main engines. The Orbiter Vehicle shall be
capable of crossrange mancuvering during entry. aerodynamic flight and horizontal landing.

2.2 Operating Life. As a design objective, the ()rhit.or' Vehicle should be capable of use for a
minimum of 10 yvears, and be capable of low cost refurbishment and maintenance for as many as
500 reuses. :

2.3 Payload Bay Geometry. The pavload bay shall bhe sized to have a.clear volume of 15 f1.
(4.5 metersi diameter by 60 ft. (13.2 meters; length. Pavloads including their thermal and
dyvnamic detlections shall be contained in an enveiope equal to or less than 15 ft. (1.5 meters) in
diameter and 60 (1. (153.2 meters) length. Pavioad attachment tittings and umbilicals shall extend
bevond this envelope in order to mate with standard Orbiter tittings which are outside the

payload envelope. A stancard deployment mechanism and tie points <hall be chargeable to the
Orhller Vehicle and shall not occupy the clear volume when stowed. Clearance for deployvr.ent
and Orbiter detlections <hail be provided by the Orbiter Vehicle. Avaiiable pavload volume is
reduced when the Orbiter Maneuvering System (OMS) incremental Delta \’ tankage or the
docking module is carried. 2

2.4 Payload Mass Accommodation. The Space Shuttle Svstem shall be capable of operating
within the up pavioad range tfrom zero to 63,000 Ihs. (29,483 kg) tor nominal launches and abort
modes. Nominal down |)a\l().ld'~ shall be limited to 32,000 Ibs. (14.515 kg). The Orbiter Vehicle
payload C.G. limits for longitudinai. vertical and lateral axes are shown in figures 2-1. 2-2 and 2-

. .

2.5 Crew/Passenger Accommodetions. The cabin shall be designed to accommaodate a toral

crew of seven, three crewmen to operate the Orbiter and up to four paviead specialists. The

Orbiter shall be provisioned tor support of these personnel for 25 man davs and up to 42 man days
with no system chanve. All crew svstems (such as seats and intercoms) for crew size greater than
four and all consumables tor duration greater than 23 man davs shail be provided in kit form and
shall he charged to payload. The design shall not preclude installation ot crew support equipment
for a total of 10 crew members as would be required to implement an Orbiter-to-Orcbiter rescue.

2.6 Cabin Atmosphere. The Orbiter crew and passenger environment shall be a shirtsleeve,
nominal 14.7 psi (760 mm Hg). two gas atmosphere (\nrn;.en Oxvgen) to simulate sea level
composition.

ORIGINAL PAGE IS AR :
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2.7 Extra Vehicular/Intra Vehicular (EVA/IVA) Provisions. "I'he (lrm?gr .?u::lrpn

ron e an
internal airlock for crew aceess 1o and trom the unpressurized pasload bav and pressurized
modules, for EVAJIVA operations, and lor space reseue. To support reseue. all Shuttle Mights will
carry EVA provisions for twe rrined crewmen and personal rescue systems for all other crew
meimbers,

2.8 Redundancy. The redundaney requirements for all flight vehicle subsvstems (exeept
srimary structare, thermal protection svstem, and pressuee vessels) shall he established on an
individual subsvstems basis, but shall not be sess than il site, “Fail sate™ is defined as the
uhility 1o sustain a twiure and retain the capabiliny 1o suecesstully terminate the misseon,
Redundant svstems shail be designed so that teir operational status can be verilied during
ground turnaround, and 1o the maximum extent possible while in thight,

2.9 Space Shuttle Main Engines (SSME). The Space Shuttle Main Engines will meel the
requirements specitied in the approved Space Shuttle Orbiter Vehicle/NMain Engine 1CD, Three
engines will be used in the orbital tight contiguration,

. 2.10 Reaction Control Subsystem (RCS). An Orbiter RCS shall provide thice axis angular
contrel and three axis translation including verier capability. The RCS tankage shall be sized
for T'RD ti/sec. :

. 2.11 Orbital Maneuver Subsystem (OMS). The OMS shall provide the propulsive thrust to
perform final injection into orbit, cireulanzation, orbit transter rendezvous and deorhit, The
OMS tankage shall be sized tor a Delta V' capability ol 1,000 [t/see G035 misecr based on Mission
1. as defined in paragraph 3.2a. Provisions snail be made to allow additional tankage 1o he
incorporated in three Deita Vinerements of 500 i1/see (152 m/see). cach for an overall total Delta
_V eapability ot 2,500 ft/sec (762 m/sec). The additional tankage and propellants will be located in

the pavioad bay and the weights and volumes thereol charged to payload. '

2.12 Airbreathing Engine Subsystem ABES). DELETFED .

2.13 Solid Rocket Boosters (SRB's). ‘The SRB's will meet the requirements specified in the
approved Space Shuttic Ordviter Vehicle: KT SKB Interface Control Document. The two SRS
will operate in parallel with the main engines 1o provide impulse to the Orbiter Vehicle from Gt
off to staging. The SKB's shall be designed tor water recovery, refurbishment and subseguent
rease. As a design objective, the SKRB case should be capable of 20 uses,

2.14 External Tank (ET). The expendable External Tank will carev all hvdrogen and oxveen
propellant tor the main engines, The ET wiil coplonm 1o the requirements of the approved Spaece
Shuttle Orbiter Vehicie: E'T Intertace Control Document. ;

2.15 Radiation and Avionics. - DELETED :

2.16 Communications Subsystem. The Orbiter shall be capable of direet voice command,
telemetry and video communication with the ground. The Orbiter shall be capiable of THD
communication by relav through a communication satellite svstem. Provisions shall be made 1o
accommodate equipment tor secure voice and data communication. B

2.17 Landing System. The Orbiter Vehicle shall have an automatic landing system.

2.18 Safety, Reliability, Maintainability and Quality. The provisions of NHIB 53001 (1D),
December 1972, “Satetv, Renabiliny, Maintmmabality: and Quality Provisions lor the Space
Shuttle Program™ will apply tor the Space Shuttle Program.

2.19 International Docking System. TI'he Orhiter Vehicle shall meet the international
requirements negzotiated tor compatible rendesvous, docking and crew transter svstems. The
docking module will be provided as an optional kit in the pavload bay and will be chargeable 1o
payload. '

2 '
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3.1 General. ‘The Space Shuttle System shall be designed 1o accomplish a wide varicty of
missions, ‘

The Shattle System weight careving capability inta cirenlar orhit shall be based on the
prriormanee required to execute mission A, The c-«mi\;nlcm maximum perlormance is shuwp.m
figures (L1 and 3.2 tor the range ol inelinations and altitudes indicared. “The paviead capability
curses assumne a simple deplovment mission with no rendizvous, 22 tps (6.9 m/seer ONS
Reserves, 4.500 Ihs, (2041 kg) of RCS propetlant, and direet deorbit, (Reentry pertormanee
pestrictions are addressed in-Par 2.0, Derailed Shuttje System performance questions should be
addressed to the ISC Shuattle Program Otlice).

. Space Shuttle missions will involve dircet delivery of pavloads 1o specified low Earth orbirs;
placement ol pavloads and transter stages in parking orbits tor subsequent transter 1o other
orhits: re aus and statpan keeping with detached pavloads for on-orbit checkout: return of
pm‘lu‘ufﬁ:n I trom a specitied orbit; and provisions lor routine and spectl support 1o space
activities, such as sortic missions, rescue, repair, maintenance, servicing, assembly. disassembly
and docking. .

3.2 Reference Missions. The reference missions for the Space Shuttle Svstem are deseribed
below and shall he used 1in conjunction with the other requirements specified herein to size the
Space Shuttle System. For pertormance comparisons, Mission 1 will be Liunched from Kennedy
Space Center (KSC) into o 60 by 100 n.mi. (LTSS km) ansertion orbit and Mission 3 will be
/ launched into the same insertion orbit from the Vandenberg AFB.

a. Mission 1. Mission | is a paviead delivery mission to a 150 n.mi. (278 km) circular orbit,

/ . The mission will be launched due east and requires a pavload capahility of G5.000 [hs, (29, 183 Ky).

I'he Boost phase shall provide insertion into an orbit with a minimum apogee of 100 numi. (185

km). as measured above the Earth’s mean equatorial radins. The purpose of this mission is

assumed to he plagement of a 65,000 Th. (29,182 k) satellite and;or retrieval ola 32,000 1h, (11515

= ked satethite, The Orbiter Vehicle orbit transiational Delta V requirements in excess ot a 50 by 100

/ nami. (93185 kmo reterence orbit are 6350 ft/see (198 m/zec) trom the Orbital Mancuver
/ © Subsvstem (OMS) and 100 tt/see (30 m/sec trom the RCS.

* b Mission 2. DELETED

c. Mission 3. Mission 3 shall consist of two missions, one for pavload delivery, and one for
pavload retrieval. . =

: d. Alission 3(A). This mission is a pavlad delivery. mission 1o an orbit at 104 degrees
inclination and return to the launch site in a single revolution, The boost phase shall provide
insertion into an orbit with a minimum apegee of 100 n.mi. (185 km) ax measured above the
Earth’s mean equatoral radius. The Orbiter Vehicie on-orbit translation Delta Vo requirements in
exeess of a 50 by 100 n.mi. (93x185 km) relerence orhit are 250 fps (76 m/see) from the Orhital
Mancuver Subsystem (OMS) and 100 tps (30 m/sec) from the RUS, The ascent pavioad
requirement s 32,000 Ibs, (14515 kg) and the return pavload is 2,500 Ihs, (1134 kg).

¢. Mission 30 B). “This mission ix a paviead retrieval mission from a 100 n.mi. (185 km)
circular orbit at 104 degrees inclination and return to the launch site in one revolution. The ascent
pavioad weight is 2500 Ths, (1,134 kg) and rhe return pavioad weight is 25000 1hs, (112330 kg),
The Orbiter Viehicle on-orbit translation Delta Vo requirement in excess of a 100 numi, (185 km)
eircular orbit is 425 (t/see (130 m/sec) trom the OMS. The translational De':a V requirement trom
the RCS is 190 [U'sec (58 musec).

3.3 Launch Azimuth. The Space Shuttle System shall have a variable azimuth launch
capability to satistv the aceeptable launch-to-insertion azimuths from bhoth the KSC and
Vandenberg AFB launch sites, .

i 3.4 Crossrange. The Orbiter Vehicle shall have the acrodvnamic crosseange capability 1o

| return to the Lunch site at the end of one revolution tor all inclinations within the Space Shuttle
Svstem eapability, Crossrange is to be achieved during entev, which is detined as beginning at
A0 11, (122 ki) altitude and ending at 50,000 11, (15 km) altitude.

ORIGINAL paAG 2
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3.5 Return Pavload. The Orbiter Vehicle shali have the eapabifity to lind the design retumn
savloand of 2000 ths, 515 he) with nominad wind and load factorsand up to G300 ths, (249, 180
w) retuen pavloads under inereased ianding condition constrinnts,

3.6 Load Factors. ‘I'he Space Shuttle Svstem ineh teajectory resultagt load Bactors shall not
eneved 2GS tor the Orbiter Vehiete, These limits do not apply 1o aborr modes, Theproduet of G
forces and time shall not be detnimental 1o the crew/passengers.

3.7 Turnaround. When operational the Space Shuttle Svatem Night hardware llmmrn_u.ml
time from Lindmg/retarn to the banch facility 1o aunch readiness shall not exeeed 160 working
hours covering a span of 14 calendar days for any ciass mission,

3.8 Launch from Standby. ‘I'he Space Shuttle System design shall provide the capability to
be launched trom a standby statns within 2 hours, and hold in a standby status tor 21 hours,
Standby status is defined as ready tor launch except main propellant il erew ingress and tinal
systems verification,

3.9 Rescue. To fullill the space rescue role, the Space Shuttle Svstem shall hase the capabiling
to launch within 24 hours atter the vehicle is mated and ready for transter 1o the pad. [1 the
spaceeralt reguiring aid hos a docking sestem on that mission, the primary reseue mode will be by
docking. with crew transter through a pressurized runnel. Otherwise. emergeney resene will he
with pressure suits and persenal rescue svstems outside the spaceeratt. The Orbiter Vehicle shal!
be capable of supporting the survival of o 1 man erew tor Y6 hours atter an in orbit contingeney.
Suppiort for additionai personnel shall be provided by the Orbiter and charged 1o the payioad per
paragraph 2.5, :

L .

3.10 Abort. The Space Shuttle System shall provide a safe mission termination capabilitsy
through all mission phases. ‘The performance capability 1o meet this requirement is defined as

. follows: :

a. Crene and Passenzer Ingress Throush Launch Commit Phase. “The emergeney egress shail
provide for crew and passenger evacuation toa safe area ina maximun time of fwo minutes (from
crew ingress 10 swing arm retract). |

b. Launch Commit Through Return-to-Site Capability Phase. “The Shuttle Svstem shall

. have a performance capability ol intact (crew. payload and vehicle) abort and return to the

Inunch site. The system design shall include adequate provisions lor External Tank separation
and disposal. . -

2 ¢, Return-to-Sitee Throuzgh Orbit Insertion Phase. The Orbiter shall have the capahility
(with one main engine out) to abort once around ancd return 10 the primary landing site from he
point in the tlight trajectery where a direer return-to-site capabiiny ends,

d. Orbital and Reentry Phase. The abort mode after orhit insertion shall he early mission

termination and return to a suitable landing site.

3.11 Loiter Time. - DELETED

3.12 Orbiter Transport. The Orbital Vehicle shali he vapable of heing transported by earrier
aircrafl.

3.13 Mission Duration. Mission duration of 7 days shall be used 1o size the Orbiter for selfl
sustaining lifetime (from litt-off 10 landing) tor a erew of four in accordanee with Section 2.5, The
Orbhiter design shall not preclude the capability to extend the orbital stay time up toa total of 30
days hy adding expendables.

3.14 Unmanned Flight. The Space Shuttle Systems design shall retain the option for
unmanned vertical thght test operations,

3.15 Launch Rate. - DELETED. REFER TO THE CURRENTLY APPROVED PROGRAM
DIRECTIVE ON CONTROLLED MILESTONES.

4 | . 15
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'3.16 Operational Dates. - DELETED. REFER ‘IO THE CURRENTLY APPROVED
PROG R\\I DIRECTIVE ON € ()\"l ROLLED MILES TONES.

3.17 Orbiter Vehicle Attituiie-Constraints, For the purpose of thermal control and thermal
protection system design, the lollowing attitude constriunts are detined:

For all missions with heta angles (Orbit plane relative to the solar veetor) in the range from 0° ™
60°, and tor 3 axis inertial hold missions with beta angies inthe range trom G0° 10 90° the Orbiter
shall he designed tor a4 minimum 160 hours attitude hold with no attitude constraints and a
maximum of 12 hours pre-entry conditioning.

For mixsions with beta angles in the range from 60° 10 90° with worse case thermal orientation
tother than 3-axis inertial holds), the Orbiter shall be designed tor repeated eveles of a minmum &
. houes attitude hold with no attitude constraints, tollowed by a maximum of 3 hours thernial
econditioning, and a maximum ol 7 hours pre-entry conditioning.

4.0 'ORBITER/PAYLOAD INTERFACE REQUIREMENTS

4.1 Payload Definition. Pavioads reterred 1o throughout this document are construed as the
collective grouping of space hardware items such as: Spacelab, experiments, research equinment,
xatellites, support modules, adapters and fueled transfer stages or cquipment., into appropriate
composite (lizht packages, For detinition of Shuttle; Orbiter pavioad accommodations. refer 10
Space Shuttle Svatem Pavioad Aceommodanions Document. [n the interest of maintsingg
mmnnnm interface, (clean intertace philosonhy), pasload desiins shonld, where possibie be sei

flicient_syvstems, capable ot _checkout belore mstailation i the Orbiter .md adaplabie 1o

slandardized intertace conce

4.2 Checkout. Pavload performance testing and pavioad svstem ¢ hm-kmn wiil he rvmnrml
prior to installation, Pavload ¢ thnnl whiie on 'hc aune h pac will he minimized and n'sy -n 1!

access to the pavioged wiii i

hiter prior to release nnd/nr retrieval. :

4.3 Data Manzsgement, The Orbiter shall provide standard displavs and eontiols 1or
monitoring the safety status of the pavioad. The pavioad shall provide to the Orbiter, at the
interface. such information concerning the status or condition of the pavioad as i€ necessary to

: insure safe vehicle operation. [igital, discrete. and analog signals shall be conditioned by the
e payload and supplied to the Orbiter Vehicte. Such equipment and capabiiity shall be char ible
> to the payload. Pavload unique control and display accommaodation with the Orbiter calnn shall

be chargeahle to the paviead. A minimum standard intertace shali be provided to exe hanue data
for salety and pavload status checks, and venicle o0 operional Paran elers. sUch ds ns g aiion,
guidance and control. Addittonal support may be lcasible during certaun operational modes,

4.4 Payload Communication. The Orbiter shall provide direct and reloy telemorey,
; apabili 11Hmh¢.dn l&luﬂ(h ian .\L'h!dt‘.‘l\u(lud_\lnlllL L

‘gmnd for Im(h attached pmxnn(h ano {or released mvh»nas.

4.5 Payload Safety. Pavioa: clements shall have scll contained protective devices or
rovisions against paviead generated hazards while the pavioad is attached to the Orbiter.
azards gencrated by the Orbiter pavioad interactions during load. transport. deplov and

rer'gn\erv activities shall be identitied and mutually resolved by the Shuttle and payload progriom
offices,
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. 4.6 Contamination. The Orbiter Vehicle shall be designed 1o minimize the generation,
introduction and accumuiation of comaminants within the cabin, pavioad bay, and around
attached pavioadmadules. Pavioad and Orbirer RCS thruster exhaust shall not impinge or be
reflected on depioved pavicads or inte the epen pasioad bay, The total level of contamimation
‘within the paviead bav trom all sourees shail be controlled to minimize the ettects on pavioads

durin. all phases of Shuttle operations, :

4.7 Power. The Orhiter eleetrial power svstem shall provide for pavlead eleetrical energy
atlowanee of not less than 50 kwh in the torm of DC power 1o pavioads through the Orbiier tuel
cells, For missions with zreater energy requirements, kits of approximately 810 kwh each will be
provided omside the D51 by G0 1 AT meterst elear paviead solume and will be chargeable
to pavioad. Power supplicd by the Orbiter tor payload on ortat consumiption will be fimited 1o 7
kw average and 12 peak. (Maximum duration peak power levels will be limited to 15 minutes
duration at no less than 3 hour intervals.) i

4.8 Attitude Control. Stability and attitude control requirements bevond those of the basic

Orbiter Vehiele shali be provided by the pavload system. The Orbiter Vehiele shall be capable of

peinting at any ground. ceivstial, or orbital object within £0.5 degrees. "The Orbiter shall also be

; capable of accepting compatible commands trom a payvioad supplied and payload mounted
sensor lor positioning, -

4.9 Rendezvous and Docking. The Orbiter Vehicle shall have an onboard capability 10
rendezvous and dock with an in-piane cooperative target or a passive stabilized orbiting element
displaced up to 300 nami. (555 k). For Orbiter Viehicle preplanned docking missions, the docking
mechanism will he installed in the pavioad bay. The weight ot the docking mechanism and
associated attachment tittings shall Kc chargeable 1o the pavload.

— 4.10 Paylnad Attachment. The Orbiter shall provide standard disercte attachment points for
mounting pavieads, These attachment points shall be located along the pavioad bhav, to
accommodate ditterent pavioad lengths and to allow for random order retrieval of multiple
payloads. ' -

4.11 Payload Deployment and Retrieval Mechanism. The Orbiter shall provide a pavioad
deplovment and retrievat mechanism wnich stial be stowed outside the 60 11, (18,2 meters) leagih
by 15 f1. Ch.ometers) diameter pavioad voiume. This mechanism shall deplov the pavioad clear of
the Orbiter mold line. Release oi the pavioad trom the depiovment mechanism shall leave the
pavload and the Orbiter with oniy smail residual rates. Spin-up capability. il required. will be
accomplished by the paviead. R . e

For retrieval. the Deplovment/Retrieval Mechanism shall interface with pavloads designed for
retrieval and. after attachment ot the mechanism o the pavioad, shall align the pavload in the

vivad bay 10 accommudate secure stowage ot the paviead. Additionally. the Paviead
Jeplovment and Retrieval Mechanism shall be capable of supporting the pavioad in the deploved
position unrier the attitude stabilization and docking loads.,

4.12 Payload Bay Vents. Provisions for venting the pavload hav shall be provided byv<the
Orbiter. This vent system shall minimize the impact of venting upon the attitude control system.

4.13 Payload Bay Access. The Orbiter and launch tacility shall permit access to the pavioad
hay for pavioad installation, service, and removal in the Orbiter tlicht preparation area and on
the launch pad. Access tor personnel and cargo 1o the paload hav shall also be available through
the hatch, which intertaces the Orbiter crew compartment with the pavioad bay. Ground access

; to the payload bay will be limited to the period up to TBD hours betore launch,

4.14 Propulsive Stages. The Orbiter design shall include provisions for fill, vent, drain and
dump of liquid propellants of propulsive stages. -

4.15 Acoustic Environment. The Orbiter Vehicle pavioad bay interior sound pressure level
shall not exceed a maximum overall of TBD dB during littolf sequence CT° = 10 sees.) and ‘TBD
dB during other mission phases tor the spectral frequency distribution shown in ligure 4.1,
(Figure 4-1 10 be supplicd at a later date).
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