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TOREWORD

This report summarizes the results of the Payload
Plannmg Information Sheets Development Study, which
was performed by ithe Convair Division of the General
Dyunamies Corporation under Contract NAS8-32702 for
the George C. Marshall Space Flight Center of the
Naiional Aeronautics and Space Admimstration, Convalr
was assisted 1 this study by subcontraclors Kenneth
Mallory and Associales of Vienna, Virginia, and Opera-
tions Research, Incorporated,of Silver Spring, Maryland.

The Contracling Officer's Represenialive for the
study was Mr, W, R. Mixon, Code JA 61, of the Marshall
Space Tlight Center. Technical direction was supplied
by Dr. C. J. Pellerin, Jr. and Mr. B. H. Benson, Code
I, NASA Headquarters.

The two payload planning questionnaives that were
developed m this study are included 1w this reporl as

Appendices A and B.



CONTENTS

Section Page
|

1 INTRODUCTION 3

2 STUDY TASKS 7

3 STUDY RESULTS 12

4 SUMMARY & RECOMMENDATIONS 37
Appendix

A Booklet 1 - Insiruments/Experiments

B Booklel 2 - Shultle Payload Elements

C Evaluatlion and Field Test of Payload

Planning Data Sheets



GENERAL DYNAMICS
Convair Division

{1. INTRODUCTION
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STUDY OVERVIEW
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STUDY OBJECTIVES

DEVELOP PAYLOAD PLANNING INFORMATION SHEETS THAT:

e ARE LASY TO UNDERSTAND

@ ARE EASY TO COMPLETL

o REQUIRE MINIMUM EFFORT BY
INFORMATION SUPPLIERS

GENERAL DYNAMICS
i Convair Dwvision
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BACKGROUND

SHUTTLE PAYLOAD DATA SHEETS HAVE UNDERGONE CONTINUOUS
EVOLUTION OVER THE PAST 5 YEARS

1973 THRU 1975 - SPDA LEVEL A/B

- CONTENTS DICTATED BY DATA USERS
(VIA SYSTEMS WORKING GROUP)

1976 AND 1977 - PAYLOAD DATA INPUT FORMS

_ FORMAT DICTATED BY DATA BANK .
(CODING FOR DIRECT INPUT)

TOO DEMANDING ON DATA SUPPLIERS
— POOR RESPONSE TO REQUESTS FOR DATA

NEW APPROACH REQUIRED

- BETTER BALANCE BETWEEN USER NEEDS AND SUPPLIER
CAPABILITIES



GENERAL DYNAMICS
Convair Division

9. STUDY TASKS
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NEW APPROACH

USE A SELY-CONTAINED QUESTIONNAIRE
- EASILY UNDERSTOOD & COMPLETED

DEVELOP A "HUMAN ENGINEERED" FORMAT
- FOLLOW PROGRAMMED INSTRUCTION PRINCIPLES

- PROVIDE DESCRIPTIONS OF STS CAPABILITIES TO ASSIST DATA
SUPPLIERS

- USE MULTIPLE CHOICE TYPE RESPONSE WHEN POSSIBLE

LIMIT THE LEVEL OF DETAIL
- JUST ENOUGH TO "SURFACE" CANDIDATE PAYLOADS
- SUPPORT LIMITED COMPATIBILITY ANALYSIS
- BUT, ACCOMMODATLE ADDITIONAL DETAILS, IF AVAILABLE

KEEP DATA PACKAGE VOLUME SMALL
- TIME GOAL OF ONE TO TWO HOURS, OR LESS



INPUTS

o PREVIOUS P/L
DATA SHEETS

o AQ FACT SHELETS

ESTABLISH ~

CONTENT

INFORMATION

|

o SCOPE
o USER NEEDS
e SUPPLIER

CAPABILITIES
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STUDY FLOW

NASA HQ OUTPUTS

IN-PROCESS e QUESTIONNAIRE
REVIEWS
o TFINAL REPORT

/

DEVELOP CONDUCT

FINALIZE
INFORMATION I > FIELD _> ; ‘
SHEETS TESTS l——— QUESTIONNAIRE

|
PECHNICAL o TYPICAL DATA o UPDATE PER
CONTENT SUPPLIERS FIELD TEST
HUMAN o ANALYSIS OF RESULTS
ENGINEERED RESULTS
FORM AT
GUIDELINES
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NASA HQ. REVIEW RESULTS

o EXPANSION FROM ONE TO TWO BOOKLETS
o OFTER ORBIT SELECTION PARAMETLERS INSTEAD OF TYPICAL ORBITS

e INCREASED LEVEL OF DETAIL

POINTING & ST ABILIZ ATION
EXPT. POINTING MOUNT

_ EXPERIMENT CONTROL

— DATA MANAGEMENT

_ COMMUNICATIONS COVERAGE REQUIREMENTS
TARGET VIEWING

~ MISSION DURATION .
SIZE, WEIGHT, POWER

- CONTAMINATION

[ DECREASED LEVEL OF DETAIL
- FREE-FLYER INSTRUMENTS REQUIREMENTS

e DISCLAIMER RE. FUNDING APPROVAL, FLIGHT ASSIGNMENT, ETC.

e EVA TRADE-OI'FS
- REDUCED EQUIPMENT COMPLEXITY, V.S, INCREASED CREW TIME

10
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FORMAT GUIDELINES

EACH ITEM SHOULD CONTAIN THREL PARTS -
_ A STATEMENT OF A SPECITIC STS CAPABILITY

- A QUESTION CONCERNING THE RESPONDENT'S NEED FOR THE
CAPABILITY
- A RESPONSE OR ANSWER BLOCK

EMPLOY BRANCHING TO GUIDE RESPONDENTS AROUND TOPICS THAT
ARE NOT PERTINENT TO THEM

AVOID CROSS REFERENCING BE’E[‘WEEN QUESTIONS

THERE MUST BE NO REQUIREMENT TO USE STS REFERENCE DOCUMENTS
(L.x., THE QUESTIONNAIRE MUST BE SELF-CONTAINED)

EACH QUESTIONNAIRE ITEM SHOULD BE CONTAINED IN ITS ENTIRETY
ON A SINGLE PAGE

LINE WIDTH SHOULD BE LIMITED TO 3 INCHES TO IMPROVE READING
SPEED AND COMPREHENSION

11
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3. STUDY RESULTS

12
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QUESTIONNAIRE FORMAT

e BOOKLET 1 FOR INSTRUMENTS/EXPERIMENTS (SEE APPENDIX A)

- MAJOR BRANCHES FOR SPACELAB AND TREE-FLYER

ACCOMMODATIONS

¢ BOOKLET 2 FOR SHUTTLE PAYLOAD ELEMENTS (SEE APPENDIX B)

- MAJOR BRANCHES FOR ATTACHLED AND FREE-FLYING

PAYLOADS

13
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BOOKLET 1~ INSTRUMENTS/EXPERIMENTS

CONTENTS

Introduction

Experiment Objectives and Description

Flight Requirements - Spaceiab Instruments/Experiments
Flight Requirements - Free-flying Satellite Instruments

Supptementary Information

25 PAGES

14
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BOOKLET 1 - INTRODUCTION

e PURPOSE OF QUESTIONNAIRE

- OBTAIN LIMITED AMOUNT OF GENERAL PLANNING
INFORMATION ON INSTRUMENTS/EXPERIMENTS

- MINIMUM OF TIME & EFFORT REQUIRED

- PLANNING FOR PERIODIC UPDATE

e STS DESCRIPTION - VERY GENERAL
- SHUTTLE
- SPACELAB

- UPPER STAGES

s CENERAL INSTRUCTIONS

- ADD ANY ADDITIONAL INFORMATION NEEDED IN NOTES
OR AS SUPPLEMENTARY INFORMATION

-~ HANDWRITTEN RESPONSES ARE .SATISFACTORY

15
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BOOKLET 1 - EXPERIMENT OBJECTIVES AND DESCRIPTION

EXPERIMENT OBJECTIVES
- NARRATIVE TYPE ENTRY

- UP TO 8 LINES OF TEXT

EXPERIMENT DESCRIPTION
- NARRATIVE TYPE ENTRY

- UP TO 10 LINES OF TEXT

REMINDER OF OPPORTUNITY TO ADD SUPPLEMENTARY INFORMATION

INSTRUCTIONS FOR PROCEEDING TO FOLLOWING SECTIONS

16
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BOOKLET 1 - FLIGHT REQUIREMENTS - SPACELAB INSTRUMENTS/EXPERIMENTS
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Canvair Division

CREW TIME

EXPERIMENT CONTROL

MISSION DUR ATION
EXTRAVEHICULAR ACTIVITIES (EVA)
DATA MANAGEMENT
COMMUNICATION COVERAGE
REMOTE MANIPULATOR ARMS
INSTRUMENT ORIENTATION/TARGETS
SHUTTLE POINTING AND STABILIZATION
EXPERIMENT POINTING MOUNTS
INSTRUMENT MASS

POINTING STABILITY

EPM POINTING ACCURACY

CONT AMINATION SENSITIVITY
CONTAMINATION GENERATION
DESIRED ORBIT PARAMETERS

17.

18,

19.

20.
21,
22,

23.

24,
25,
26.
27,
28.
29,

30.

31.
32,

B

RADIATION

ACCELERATION LEVEL

AMBIENT PRESSURE

EARTH OBSERVATIONS

DAY/NIGHT CYCLE

FLIGHT SCHEDULING

EXPERIMENT ACCOMMODATIONS

EQUIPMENT WEIGHT AND VOLUME (PRESSURIZED AREA)
ELECTRICAL POWER (PRESSURIZED AREA)
SCIENTIFIC AIRLOCK

OPTICAL WINDOW

EQUIPMENT SIZE (UNPRESSURIZED AREA)
EQUIPMENT WEIGHT (UNPRESSURIZED AREA)
ELECTRICAL POWER (UNPRESSURIZED AREA)
EXPERIMENT AVAILABILITY

EXPERIMENT REFLIGHT

16 PAGES

17
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BOOKLET 1 - FLIGHT REQUIREMENTS - FREE-FLYING SATELLITE INSTRUMENTS

This section asks a few very general ques-
tions about your satellite-borne instrument
that will identify it to NASA mission
planners as a candidate for future flight
opportunities.

Please indicate below the type(s) of free-
flying satellite that is a potential carrer
for your instrument or experiment.

( ) LDEF

( ) MMS
( ) Low earth orbit
( ) Geosynchrenous orbit
{ ) Other - Explain in "Notes"

( ) Inferplanetary spacecraft

( ) Other:

The information furnished in this ques-
tionnaire will be forwarded to the appro-
priate Program Office. You will be noti-
fied of forthcoming flight opportunities
that may be appropriate for your
instrument.

I

CONT AINS BRIEF
DESCRIPTION OI' THE
LDET AND MMS

NO DETAILED TECHNICAL
QUESTIONS ARE ASKED

FORMAL CONTACT WOULD
BE ESTABLISHED BY
ANNOUNCEMENT OF
OPPORTUNITY

Convawr Diviston
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BOOKLET 1 ~ SUPPLEMENTARY INIFORMATION

This section is provided for you to add

information that is important for a befter _ """

understanding of your instrument or
experiment.

-6 INVITES ADDITIONAL INFORMATION
THAT DOES'NT FIT IN FIXED FORMAT
OR THAT PROVIDES MORE DET AILS

Please check {v) the type of supplemen-
tary information you have attached to this
questionnaire.

( ) Sketches, drawings, photographs

() ]?f"”me”” experiment data CHECKLIST SERVES BOTH AS A
sheets MEMORY-JOGGER AND AS AN

} Block diagrams or flow charts INDEX TO INFORMATION
) Reference documents or reports APPENDED

(

(

( ) List of reference documents

( ) List/description of mission or
accommodation requirements that
cannot be compromised

( ) Target list for earth or celestial
observations

{ ) Description of observational times
for earth observations

{ ) Other descriptive information is
provided on page E-2

( ) No supplementary information is PROVIDES FOR NARRATIVE
furnished at this time. TYPE ENTRY - UP TO

22 LINES

Page E-2 provides space for any
explanatory text you care fo add.

19



BOOKLET 2 — SHUTTLE PAYLOAD ELEMENTS

CONTENTS

Introduction

Payload Objectives and Description
v Flight Requirements - Attached Pa).floods
v Flight Requirements - Free-flying quléads

Supplementary Information

30 PAGES

20
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12,
13.
14,
15.
16.
17.
18,
19.
20,
21,
22.
23.
24,
25,
26,
27,
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29,
30.
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BOOKLET 2 - FLIGHT EQUIREMENTS Convair Division

ATTACHED PAYLOADS

CREW TIME

PAYLOAD CONTROL

MISSION DURATION

EXTRAVEHICULAR ACTIVITIES (EVA)

DATA MANAGEMENT

COMMUNICATION COVERAGE

REMOTE MANIPULATOR ARMS

PAYLOAD ORIENTATION/TARGETS

ORBITER POINTING AND STABILIZATION
EXPERIMENT POINTING MOUNTS
INSTRUMENT MASS

POINTING STABILITY

EPM POINTING ACCURACY

CONT AMINATION SENSITIVITY
CONTAMINATION GENERATION

DESIRED ORBIT PARAMETERS

RADIATION

ACCELERATION LEVEIL

AMBIENT PRESSURE

EARTH OBSERVATIONS

DAY/NIGHT CYCLE

FLIGAT SCHEDULING

PAYLOAD ACCOMMODATIONS

EQUIPMENT WEIGHT AND VOLUME (PRESSURIZED AREA)
ELECTRICAL POWER (PRESSURIZED AREA)
ELECTRICAL POWER (UNPRESSURIZED AREA)
PAYLOAD ELEMENT WEIGHT (UNPRESSURIZED AREA)
PAYLOAD SIZE (UNPRESSURIZED AREA)
PAYLOAD AVAILABILITY

PAYLOAD REFLIGHT

14 PAGES

21

W~ 0 W=

15,

TFREE-TLYING PAYLOADS

NUMBER OF PAYLOADS

DESIRED ORBIT PARAMETERS
ORBITAL INCLINATION
OPERATIONAL ALTITUDE

HIGH ALTITUDE SATELLITES
INTERPLANETARY MISSIONS
SELF-CONTAINED PROPULSION SYSTEM
SATELLITE/SPACECRATFT SIZE
SATELLITE/SPACECRAFT WEIGHT
PAYLOAD DEPLOYMENT
OPERATIONAL LIFE

ON-ORBIT SERVICING

PAYLOAD RETRIEVAL/REUSE
EXTRAVEHICULAR ACTIVITIES (EVA)
REMOTE MANIPULATOR SERVICING
CREW TIME

DATA MANAGEMENT

PAYLOAD CONTROL
COMMUNICATION COVERAGE
FLIGHT SCHEDULING
PAYLOAD REPLACEMENT
PAYLOAD AVAILABILITY

9 PAGES
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TYPICAL QUESTION FORMAT

ELECTRICAL POWER (PRESSURIZED
AREA)

Experiments inside the Spacelab module
will share continuous electrical power in
the range of 2.0 to 2.5 kW. Electrical
service will be both DC {28 volt) and AC
(115/200 volt, 400 Hz, 3 phase).

Please check (v} the range of electrical
power consumption (total DC and AC) for
operating your experiment equipment in
the Spacelab module.
} None
) <100 watts
Y 100-500 watts
) >500-1000 watts
) >!000-2500 watts
} >2500 watts - Explain in "Notes"
Or, estimate power, if possible:

watts

— T S —

22

STATEMENT OF A
SHUTTLE/SPACELAB CAPABILITY

QUESTION CONCERNING
RESPONDENT!S NEED

MULTIPLE-CIIOICE
ANSWER BLOCIK

SPACE FOR A DISCRETE ENTRY,
IT DATA IS AVAILABLE



FORMAT EXAMPLES
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o RANGES OF VALUES SELECTED FOR MULTIPLE CHOICE SCALAR QUESTIONS
ART RELATED TO SHUTTLE/SPACELAB ACCOMMODATION CAPABILITIES.

EQUIPMENT WEIGHT (UNPRESSURIZED
AREA)

The total weight for all equipment and
provisions needed 1o conduct experiments
(including the Spacelab, experiment equip-

ment and other support equipment) cannot
exceed 14,514 kg (32,000 ib) at landing.

One spacelab pailet can carry up to 3000 kg
(6,615 Ib) of equipment, and a two or three
pallet frain can carry up to 5000 kg (11,025
tb).

Please check (v') the total weight range of
your experiment equipment which is fo be
mounted on Spacelab pallets (including con-
sumables, but excluding Spacelab equip-
ment weight).

( ) None

() <100 kg (220 Iy

( ) 100-500 kg (1,102 Ib)

{ ) >500-3000 kg (6,615 Ib)

(~ ) >3000-5000 kg (11,025 Ib}

( ) >5000 kg - Explain in "Notes"

ELECTRICAL POWER (UNPRESSURIZED
AREA)

The Orbiter's electrical network can pro-
vide 7kW of DC power to the cargo bay.
Spacelab subsystems, when operating, con-
sume from .6 to 4.4 kW,

Equipment on the Spacelab paitef will share
continuous electrical power in the range of
1.5 o 4.5 kW. Electrical service will be
both DC {28 volt) and AC (115/200 volt,
400 Hz, 3 phase).

Please check (V) the range of electrical
power (total DC and AC) to be supplied by
the Shuttle/Spacelab electrical distribution
networks for operating your experiment
equipment in the cargo bay.

{ ) None

( ) <100 watts

( ) 100-300 watts

( ) >300-1500 watts

( ) >1500-4500 watts

( ) >4500-7000 watts

{ ) >7000 watts - Explain in "Notes"

e "TALL-POLE" REQUIREMENTS CAN BE ACCOMMODATED TO PROVIDE THE
BASIS FTOR ASSESSMENT OF THE NEEDS FOR GROWTH IN STS CAPABILITIES.
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TYPICAL SIMPLE QUESTIONS

ON-ORBIT SERVICING

The Shuttle can provide routine servicing
or repair for satellites in low earth orbit.
[s on-orbif servicing planned for your pay-
load?

Yes { ) No ( ); Maybe ( )

24

OPTICAL WINDOW

A high quality optical window that provides
viewing access to earth, deep space, and
the sun can be instaolled in the top of the
module.

The window is a rectangular pane 41 x 55
em (16.1 x 21.6 inches) with optical trans-
mission exceeding 65% at all wavelengths
between 400-1000 nm. Parallelism is main-
tained within 2 arc seconds.

The high quality optical window:

() is not needed by this experiment.

( ) is needed by this experiment.

( )} may be needed by this experi-
ment.
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MEDIUM COMPLEXITY QUESTIONS

EXPERIMENT CONTROL

Experiment operations ¢an be controlled
on-board, or by digital commands issued
from the ground. While on-board control
can be continuous, ground control will be
disrupted for periods of up to 10 minutes
every 25 to 40 minutes because of commu-
nications blockages.

Please check (') as applicable.
( ) Experiment does not require any
control.
( ) Experiment requires only "on/off"
commands.
( ) Experiment requires real-fime
active control (closed-loop).

If real-time active control is required,
there are several methods by which if can
be accomplished.

Please check (') the applicable method(s).
( ) By on-board crew
{ ) By on-board computer
( ) By digital command from ground.

25

PAYLOAD RETRIEVAL

The Shuttie can be used to retrieve satel-
{ites from low earth orbit and return them
to earth for refurbishment and reuse.

Is retrieval planned for your payload?
Yes { ) No ( ) Maybe { )

If retrieval is, or might be planned, would
the same payload be refurbished for subse-
quent reflight?

Yes () No ( ) Maybe ( )

If your payload will, or might be retrieved
and refurbished for reflight, please check
{/) below the estimated number of times
the payload would be refurbished.

(

()

( ) 3oré4times

{( ) 5or more times
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TYPICAL COMPLEX TOPIC

DATA MANAGEMENT

Two-way communication links that carry
data and voice between the Shuttle and
ground stations will be maintained for 55-
70% of the orbital mission. An onboard
recorder can be used to store data for
delayed transmission fo the ground.

Down Link:
Digital Data (<50M bps})
Analog & TV (£4.2M Hz)
Voice

Up Link:
Digital & Command (<2k bps)

Voice

Spacelab data management services include
a general purpose computer, a high-rate
(£32M bps) digital tape recorder (26 data
tracks), and display/keyboard unit(s}. The
Orbiter's payload recorder can record digi-
tal (51 M bps) or analog (<2 MHz) data on
each of 14 tracks.

Are the standard data management ca-
pabtlities sufficient for your experiment?

Yes { ) Maybe { ); No { ) -Explain
in "Notes"

26

Estimate data management requirements,
if possibles

Down Link:
Digital: No ( ); Maybe { ); Yes( ).
Digital Rate: bps
Analog: No ( ); Maybe ( ); Yes ().
Analog Bandwidth: Hz
Television: No{ ); Maybe( );Yes( ).
Voice: No ( J; Maybe ( ); Yes ( ).

Up Links
Digital: No ( ); Maybe ( ); Yes ( ).
Digital Rate: ' bps

Voice: No { ); Maybe ( ); Yes ( ).

On-board
General Purpose Computer:
No ( )iMaybe ( ); Yes ().

Display/Keyboard Unit: K
No ( ) Maybe{ ); Yes( ).

Other - Explain in "Notes"
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o RESPONSE BLOCKS ALLOW FOR UNCERTAINTY

The Orbiter provides the systems and per-
sonnel needed to perform manual tasks
outside the pressurized work area. Nom-
inal resources permit two, two-man EVA's,
each lasting six hours per flight.

EVA can be used for operation of equip-
ment; deployment, positioning, retraction
of booms; cargo transfer; etc.

Please check (v ) one.

( ) EVA is not needed for the normal
operation of this payload.

( ) EVA is needed for the normal
operation of this payload.

(/) EVA may be needed for normal
operation of this payload.

27

If possible, indicate below the orbit param-
eters (altitude and inclination) or range of
parameters compatible with your payload.

{ ) Any orbit is acceptable.

( ) Desired orbit parameters are:

Inclination -
from: deg
fos ' deg
Altitude ~
from: km,
or n.mi.
tos krn,

or n.mi.
(\/) Unknown.
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ORBIT SELECTION PARAMETERS

With respect to your experiment:

( )} Any radiation dose rate within
health timits is acceptable.

{ ) Radiation dose rates should be
minimized.

RADIATION LIMITS ( ) Exposure fo high dose rates is

desirable - Explain in '"Notes'.
Include desired dose rates and
class{es) of radiation, if known.

PRAG ACCELERATION \Q
Please check (v') the maximum allowable

background acceleration level for your
expertment. (The corresponding altitude is
also indicated.) ¢ )
( }3x IO_Gg @ 250km (135 n.mi)
) I x ]0"7g @ 300km (162 n.mi.)
-7g @ 350km (189 n.mi.)
- TARGET LATITUDES ) 1 x 10”g @ 425km (230 n.mu.)

(
E
- VIEWING TIME ( ) 5x 10789 @ 470km (254 n.mi.)
(
(

} Any of the above
~ REPETITION RATE

) Other - Explain in "Notes"
/° If solar exposure s a factor in performing
DAY/NIGHT CYCLE your experiment or observation, please
check (V') your requirement.
{ ) Continuous exposure (100%)
( ) Maximum exposure (75 to 100%)
() Minimum exposure (55 to 75%)
( ) A specific day/night cycle or
range of cycles is. desirable -
Please explain in "Notes".

AMBIENT PRESSURE

FARTH OBSERVATIONS
Yy 5x 10

28
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EXAMPLES OF BRANCHING

EARTH OBSERVATIONS

Does your experiment require viewing of
phenomena or targets on the earth's sur-
face or within the atmosphere?

) No; () Yes.

If not, skip to page C-10.

BRANCHING SKIPS NON-RELEVANT
QUESTIONS ABOUT EARTH
OBSERVATIONS - 38 LINES

29

INSTRUMENT ORIENTATION/TARGETS

The Orbiter can point at any desired iner-
tial, local vertical, earth fixed, or orbital
object target.

Does your experiment require instrument
pointing?

T

) No; { ) Yes.

If not, skip to page C-é.

BRANCHING SKIPS NON~RELEVANT
QUESTIONS ABOUT POINTING
ACCURACY, POINTING ST ABILITY,
EPM REQUIREMENTS ~ 120 LINES
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POINTING & STABILITY FLOW

Is

Pointing No
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g Skap Lo Page C-6

Reqd?

r

Explanation of Orbitex
Pointing Accuracy &
Stahility Capabihities

Is

Identify
Target Type(s)

P Skip lo Page C-6

Capability
OK?

No

r

Explanation of Improved
Capabilily With Atliiude

Relference Feedback

Is

+0.5 deg vag

I Skip to Page C-6

Accuracy
OK?

g

EPM
Requirementis

Contimue on, Page C-6
30

Instrument Mass
Pointing Stability
Pointing Accuracy




cos
co8
cos
cus
cos
coa
cos
cua
cus
Cus
cus
cos

cos

Cl1
cli
cil
C11
Cil
cl1

Cli
cl1

Cli

01
01
01
01
01
01
01
01
01
a1
01
01

02

01
01
01
01
01
01

02
02

03

01

02

02A
028
c2c
02D
02E
02r
026
02+
021
024

01
u2
03
o4
05
06

01
02

61

C~08 INSTRUMENT ORIENTATION/TARGETS.

DATA BANK INPUT CODING EXAMPLES

A.1S POINTING REQUIRED=-

{
(

{

NO
YE
)

T A VIR P W)

}

S.TARGETS ARE

SUN

CELESTIAL TARGETS
EARTHS LIMB

GEOMAGNETIC FIELD LINES
ORBITAL OBJECT TARGETS
NADIR

SPECIFIC EARTH TARGETS
SWATH ACROSS EARTH
OTHER

{NOTE CODE) *
B+GENERAL NOTES
(NOTE CODE)x

C~il1 INSTRUMENT MASS,.
A+ INSTRUMENT MASS (KG) IS

{

— -

(

)
)
)
}
)

)

LT
30
6T
6T
GT
6T

3D

TG 100

100 TO 300
300 TO 1000
1000 TO 3000
3000

B.ESTIMATED MASS IS
(KG)*
(LB}*

C.GENERAL NOTES
{NOTE CODE)=%

31
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e CODING SHEET ENTRIES

TRACK QUESTIONNAIRE ITEMS

CODING SHEETS PROVIDE AN
ADDRESS AND A RESPONSE
BOX ( ) OR AN ADDRESS
AND AN ALPHANUMERIC
FIELD 4 FOR EACH
QUESTIONNAIRE IT EM.

NOTE CODE NUMBERS ARE
ASSIGNED AN ADDRESS
FOR RECALL.

ALPHANUMERIC NOTE TEXT

IS ENTERED ON A SEPARATE
NOTE PAGE, CROSS REFERENCED
BY NOTE CODE AND ADDRESS
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ORI

QUESTIONNAIRE FIELD TEST -~ EVALUATION CRITERIA

OPEN ENDED QUESTIONS
—  TYPE/HANDWRITTEN
— FREQUENCY & LENGTH OF RESPONSE
— CONTENT ANALYSIS

NOTES SECTION

— NUMBER OF NOTES
— RELATED QUERY

— CONTENT ANALYSIS

SUPPLEMENTARY INFORMATION

~— TYPE/HANDWRITTEN

— FREQUENCY & LENGTH OF RESPONSE
— CONTENT ANALYSIS

33

MARGINAL COMMENTS
— NUMBER

— RELATED QUERY

— CONTENT ANALYSIS

QUERY ANALYSIS

— NUMBER UNANSWERED
— ADDED CHOICES

— NEGATIVE/POSITIVE BIAS
~— NUMBER OF ““MAYBES"’

FOLLOW-UP TELEPHONE CONVERSATION
— GENERAL IMPRESSION

— OQRGANIZATION

— CONTENT OF QUESTIONNAIRE

—  TIME TO COMPLETE

— PERCEIVED VALUE



ORI

FIELD TEST SUMMARY OF RESULTS’

@ LIMITED SAMPLE
—  LIMITED TO INSTRUMENT/EXPERIMENTS BOOKLET
— EIGHT RESPONDENTS (13 DISTRIBUTED)
— POSSIBLE BIAS TOWARD TECHNOLOGY/APPLICATIONS

® WELL RECEIVED BY P.I.S
— POSITIVE ATTITUDE TO NASA INFORMATION NEEDS
— SEVERAL SEE USE AS PLANNING AID
— NO ADDITIONS/SUBTRACTIONS SUGGESTED
— 'SEVERAL RETAINED COPY FOR FUTURE USE

® RAPIDLY AND ACCURATELY COMPLETED
-  TWO HOUR AVERAGE
— FEW ERASURES OR QUALIFYING STATEMENTS
— VERY FEW QUESTIONS LEFT UNANSWERED

*SEE APPENDIX C 34



ORI

RECOMMENDATIONS

® ““TO BE USED FOR PLANNING PURPOSES ONLY”’*
© ACTUAL RESPONDENT SHOULD BE IDENTIFIED™

© “NASA HEADQUARTERS RESPONSIBLE INDIVIDUAL”
DELETED"

® -EPM QUESTION MISLEADING

© CONTAMINATION SENSITIVITY/GENERATION NOT
NEEDED — JUST LIST TYPES & LET RESPONDENT
SELECT

® RADIATION QUESTION TOO DETAILED

® QUESTIONS ON EVA, RMS & HIGH QUALITY OPTICAL

WINDOW SHOULD BE COMBINED ‘‘OTHER SPECIAL
OPTIONS’’ AVAILABLE

* ADOPTED IN FINALIZED FORMATS



ORIGINAL.

CONTAMINATION SENSITIVITY

Experiments can be influenced by environ- e. Magnetic Fields:

ments produced by the Orbiter or other While operating -

experiments. No { ); Maybe ( )% Yes( )

Please review the list below and check (/) Whlfilil'zon)-.o&ero;m? —.

those factors which would adversely affect s Maybe (1 ); Yes ()

‘your instrument or experiment, f. () Other - Explain below.

a. Particulate Contamination: g. If sensitivity to contamination has
While operating - been identified above, please list the

No ( ); Maybe{ )% Yes( ) type(s) and threshold level(s), if

While non-operating - possible: ,

No ( ); Maybe { ); Yes( )

b. Gaseous Contamination: RECOMMENDED

While operating -
No {( ); Maybe ( ); Yes( )

While non-operating - CONTAMINATION SENSITIVI
TY
No{ ); Maybe ( ) Yes( ) Please select the types of
contamination which would
adversely atfect your exper-
) iment.

c. Radiocactivity:
While operating -
No ( )% Maybe ( ); Yes (

While non-operating - a. Particulate ()
No ( ); Maybe { )} Yes{ )} b. Gaseous ()
d. Electromagnetic Fields (RF): ¢. Radicactivity ()
While operating = d. Electromagnetic(RF) ( )
N ; Mayb s Y
o ( ) Maybe { ); Yes( ) e. Magnetic Fields ()

While non-operating -
No { ); Maybe ( ) Yes( ) f. Other
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4. SUMMARY AND RECOMMENDATIONS
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SUMMARY OF RESULTS

TWO BOOKLETS DEVELOPED

INSTRUMENTS/EXPERIMENTS ~ INTERFACE WITH A P/L CARRIER
SHUTTLE PAYLOAD ELEMENTS - INLCERFACE WITH STS

NHUMAN ENGINEERED" FORMAT EMPLOYED

-]

L

PROGRAMMED INSTRUCTION PRINCIPLES
STS CAPABILITIES DESCRIPTIONS
MULTIPLE CHOICE RESPONSES
BRANCHING

SELF~CONTAINED

SINGLE PASS THROUGII

LIMITED LEVEL OF DET AIL

°

IDENTIFY POTENTIAL PAYLOADS
SUPPORT LIMITED COMPATIBILITY ANALYSIS
PROVIDE REPOSITORY FOR ADDITIONAL DET AILS, IF AVAILABLE

SMALL DATA PACKAGE VOLUME

BOOKLET 1 - 25 PAGES
BOOKLET 2 - 30 PAGES
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GENERAL DYNAMICS
Convair Division

QUESTIONNAIRE UTILIZATION

PAYLOADS IN CONCEPTUAL PHASE
o INFORMS RESPONDENTS OF STS CAPABILITIES
e FURNISHES EASY-TO-ANSWER QUESTIONS
- RECOGNIZE UNCERTAINTIES
-~ OPPORTUNITY FOR UPDATING
e DOLSN'T DEMAND DETAILS THAT CAN'T BE ANSWERED YET

PAYLOADS IN DEVELOPMENT PHASE
e PROVIDES SPACE TQ ENTER DATA DEVELOPED IN ANALYSIS AND

EQUIPMENT DESIGN
e PROVIDES ENOUGH DETAIL FOR LIMITED COMPATIBILITY ANALYSIS

MORE DETAILED INFORMATION IS REQUIRED FOR PAYLOAD MISSION ASSIGNMENT
@ BEYOND THE SCOPE OY THIS QUESTIONNAIRE
e OBTAIN FROM ERD (EXPT. REQMT. DOC.), CONTRACT REPORTS, OTHER
DOCUMENTS, AND PERSONAL CONTACTS
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GENERAL DYNAMICS
Convair Biviston

NEXT LEVEL OF DETAIL

¢ ELECTRICAL POWER e HAZARDS
- ACVSDC - HIGH PRESSURE
- STANDBY - CRYOGENICS
- PEAKS - TOXIC MATERIALS
- POWER PROFILE ~ CORROSIVES
¢ FLIGHT ENVIRONMENT - PYROTECHNICS
- TEMPERATURE o CREW SUPPORT
- HUMIDITY - CRIW SIZE
-~ ACOUSTIC - SKILL MIX
| VIBRATION - TRAINING

-~ LAUNCH ACCELERATION
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GENERAL DYNAMICS
Convair Division

PLANNING STEPS

P/L PLANNING QUESTIONNAIRE I'OR INITIAL CONT ACT - INFORMAL
e INEXPERIENCED STS USERS
o CANDIDATE PAYLOADS IN EARLY DETINITION PHASES

— INTRODUCES THEM TO NASA P/L PLANNING PROCEDURES

o ENTER INFORMATION IN DATA BANK

" ACQUISITION OF INVESTIGATIONS" PROCESS - FORMAL
o TREE-FLYERS - AO'S FOR MISSIONS
o SPACELAB - AO'S FOR DISCIPLINES
_ DEVELOP AN INSTRUMENT/EXPERIMENT "POOL"
_ BY EACH PAYLOAD PROGRAM OFFICE

e UPDATE AND EXPAND DATA BANK
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' Convair Division

RECOMMENDATIONS

UTILIZE PRESENT QUESTIONNAIRE FORMAT FOR NEXT P/L DATA
COLLECTION CYCLE

ESTABLISH CONTACT WITH NEW STS USERS
OBTAIN PLANNING DATA ON NEW POTENTIAL PAYLOADS
INPUT INFORMATION TO P/L DATA BANK

UPDATE QUESTIONNAIRE CONTENTS & FORMAT

UPDATE AND/OR CHANGE STS CAPABILITIES AS NECESSARY,
E.G., TELEOPERATOR

CLARIFY ITEMS THAT WERE NOT EASILY UNDERSTOOD BY
RESPONDENTS

INTEGRATE WITH OTHER NASA PAYLOAD DATA COLLECTION
ACTIVITIES

DIVERSIFY TO ADDITIONAL BOOKLETS

REPUBLISH/REISSUE QUESTIONNAIRE

COLLECT DATA ON NEW PAYLOADS
UPDATE/RETFINE DATA ON PAYLOADS INCLUDED IN PREVIOUS
DATA COLLECTION CYCLE
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RECOMMENDED BOOKLET EXPANSION

SPACELAB INSTRUMENTS/EXPERIMENTS

INSTRUMENTS/EXPERIMENTS FOR FREE-FLYERS

SHUTTLE~ATTACHED PAYLOAD ELEMENTS

FTREE-FLYING PAYLOADS

SPACELAB EXPERIMENT TACILITIES
- ATMOSPHERIC CLOUD PHYSICS LAB
- im IR TELESCOPE
- Im UV TELESCOPE
- DROP DYNAMICS FACILITY
~ MATERIALS PROCESSING FACILITIES
- ZIERO GRAVITY COMBUSTION FACILITY
- OTHERS, AS DEVELOPED

43
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Appendix A
PPQ-1-02

SPACE TRANSPORTATION SYSTEM
PAYLOAD PLANNING QUESTIONNAIRE

BOOKLET 1 — INSTRUMENTS/EXPERIMENTS

TO BE USED FOR
PLANNING PURPOSES ONLY

National Aeronautics and Space Adminustration

Washtngton, 0. & 20546



NOTE: ltems flagged with asterisk will be completed by NASA Headquarters.

le

2. *Discipline:

3.

4.

5.

Paylead Title:

*Code No.
Date

[nvestigator:

ag. Name- -

b. Organization -

¢c. Mail Address -

Street or P.0. Box

City

State

d. Phone -

Zip

Area Phone No.
NASA Headquarters Responsible Individual:

a. *Name -

Exit.

b. *Program Office -

c. *Mail Code -

d. *Phone -

Areqa Phone No.

Statuss

Ext.
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A. INTRODUCTION

This questionnaire booklet requests a limit-
ed quantity of general planning information
on instruments and experiments which wili
be integrated intoc the Spacelab andfor
free-flying satellites and carried to orbit
by the Space Shuttle.

If your instrument or experiment is planned
to fly as a Shuttle payload element (i.e.,
not carried by the Spacelab or a free-flying
satellite), do not proceed further in this
booklet.,, Instead, utilize Booklet 2 -
"Shuttle Payload Elements™ which is
formatted fo accommodate information on
Shuttle-attached payloads and free-flying
satellites.

The information requested by this ques-
tionnaire is not of a detailed nature. The
format, organization and contents have
been designed to minimize the time requir-
ed to answer the questions, and to recog-
nize the engineering and scheduling uncer-
tainties inherent in long-range planning.

For the majority of questions your response
can be given by simply checking the appli-
cable answer. However, where more de-
tailed information is available, spgce has
been provided to enter such data.

The answers given to these questions will
be used for STS paylead planning purposes
only. Responding to this questionnaire dees
not imply that funding approval, flight
assignment, etfc., will automnatically follow.
The regular NASA T"Acquisition of
Investigations" process will be employed
for the formal solicitation for instruments
and experiments.

Recognizing that requirements, such as
electrical power, will change as experi-
ments reach maturity, you will be asked

1

periodically to review and update the
information reported on the {following

pages.

I

The key to routine space operations is the
Space Shuttle System. The Space Shuttle's
Orbiter vehicle can accommodate a wide
spectrum of payloads in its large cdrgo bay.

For instance, Spacelabs will be carried
aloft by the Shuttle in support of manned
orbital operations; free-flying satellites
will be deployed in, and recovered from,
low earth orbits; and free-flying satellites
with propulsive stages wiill be deployed
from the Shuttle and launched into high
energy trajectories.

The Spacelab is an international project
undertaken by the European Space Agency.
[ts hardware components are a pressurized
laboratory module {(with a shirtsleeve work-
ing environment) and open equipment
pallets (exposed to the space vacuum).

EXPERIMENTS

PALLETS

SPACELAS MODULE

Depending on experiment requirements, the
Spacelab hardware can be arranged as a
module only, module with pallets, or pallets
only. The Spacelab remains aitached to
the Orbiter throughout a flight.



Free-flying satellites that operate in low
earth orbit can be checked out and de-
ployed from- the cargo bay, serviced and
maintained on-orbit, and recovered for
retum to ground for repair or refurbish-
ment. T

MULTIMISSION
MODULAR
SPACECRAFT

SUPPORT SYSTEM

Severa!l kinds of upper stages will be used
to deliver satellites beyond the Orbifer's
earth orbit. Geosynchronous satellites of
the Delta or Atlas-Centaur weight and
volume class can use the Spinning Solid
Upper Stage (SSUS).

ATLAS-CENTAUR CLASS
SPINNING 30LID
UPPER STAGE

' SATELLITES ———r——ne

DELTA CLASS
SPENNING SOLID
UPPER STAGE

Larger satellites headed for geosynchro-
nous, elliptic, and higher circular orbits or
destined for deep space can use the large,
solid Interim Upper Stage (1US).

A-2

UPPER .STAGE

[f responding to the questions using the
spaces provided does not convey all of the
information needed for an adequate under-
standing of your instrument or experiment
requirements, you are requested to add
additional explanation in the "Nofes" space
provided on each page or in Section E,
"Supplementary Information™.

[f your instrument or experiment has any
"drop-dead" accommeodation or mission
requirements that cannot be compromised,
or specific target locations, viewing con-
straints, environmental limits, ete., also
explain these requirements in Section E.

Typewritten respeonses to this questionnaire
are not desired; legible handwritten
responses will be totally satisfactory.
Responses in the International (SI) System
of Units are preferred; however, you may
use English units instead if you desire.

It is fully understood that many insiru-
ments or experiments are in the conceptual
phase and that the data which wili even-
tually result from engineering analyses are
not available at this time. In this situation,
you are requested to respond fo the ques-
tion with your best estimate.



B. EXPERIMENT OBJECTIVES AND DESCRIPTION

Using the samples as guides, please provide a brief explanation of the
experiment or investigation objectives, and a summary of experiment
characteristics.

Experiment Objectives:

Sample experiment objective: "To collect high resolution multispectral data
for earth resources detection, location, identification, mapping and deline-
ation of land use themes."

Experiment Description:

Sample experiment description: "This instrument is a pallet mounted high
resolution (10-15m) multispectral (7-band} scanner. |t wiil be accompanied
on the pallet by a specialized data processing unit, whose output will be
stored on a wideband iape recorder with reel change capability. The units
will utilize Spacelab displays, controis and computer support.”

Supplementary infermation such as photographs, sketches and block diagrams can be most
helpful to paylcad planners. If available, please provide applicable information of this
type as attachments to Section E, "Supplementary Information,” page E-I.

B-1



Experiment Categories:

This questionnaire is applicable to two
general categories of instruments and ex-
perimentis: (1) those that require integra-
tion with the Spacelab for subsystems and
operational support (e.g., structural attach-
ment, power, data handling, peinting,
manual manipulatidn or operation;, etc.)
and; (2) those that require integration info
a free-flying satellite.

However, an instrument destined for
ulfimate vuse in g free-flying satellite rmay
initially undergo one or more develop-
mental flight tests aboard the Spacelab.
Conversely, an instrument already de-
veloped for remote sensing of planetary
features could be adaptable as a low cost
earth resources sensor for an early Space-
lab rnission,

Please check (v) the appropriate category
for your insirument or experiment.

{ ) This instrument ‘or. experiment
will be flown abeard the Spacelab.

( ) This instrument or experiment
will be flown aboard a free-flying
satellite.

{ ) This instrument or experiment

will be flown cbeard both the
Spacelab and a free-flying sa-
fellite.

If your instrument or experiment will be
flown aboard both the Spacelab and a free-
flying satellite, please indicate which type
of flight will first cceur.

( ) Spacelab
( ) Free-flying satellite

{ ) Unknown

B-2

Experiment Classes:

For paylead planning purposes, instruments
and experiments may be classified into ene
of three payload classes: autonomous,
semi-auionomous, and facility~-dependent.
The primary distinction between these
classes is the difference in interfacing of
the experiment equipment with the-payload
carrier (e.g., Shuttle, Spacelab, free-flying
satellite} and other payload equipment.
The characteristics of each of these classes
are described below,

Autonomous experiments are functionally
self-contained and depend upon the payload
carrier primarily for structural mounting.

_They do not require subsystems support for

power, data handling, thermal control, etc.
For example, the "Getaway Special" pay-
loads are small, self-contained experiments
of the autonomous class.

Semi-autonomous experiments {or experi-
ment facilities) include the necessary
equipment 1o produce and/or control the
required experimental conditions, to trans-
mit or receive the desired electromagnetic
radigtion, and fo measure the induced or
observed phenomena with appropriate
instruments. In 'addition to structural
mounting, they usually require supporting
functions from the payload carrier such as
pointing, electrical power, or other sub-
system support. The majority of Spacelab
and free-flying satellite instruments and
experiments are of the semi-autonomous
class.

Facility-dependent experiments must be
conducted in conjunction with experiment
facilities such as telescopes, furnaces and
test chambers. (Multi-user facilities of
this type will be furnished by NASA for use
by many different experimenters or inves-
tigators, and will be re-flown many times.)



Examples of experiments of this class are:
a specialized sensor or detector which is
installed in a felescope facility; a material
sample and holding or positioning device
for use In a space processing furnace
facility. In the gbove exarnples, the equip-
ment supplied by the experimenter or
investigator is not capable of producing and
controlling all of the required conditions,
but is dependent upon the experiment
facility for these functions. Facility-
dependent experiments generally de not
interface directly with the payload carrier;
instead they interface with the experiment
facility.

Exarmples of multi-user facilities presently
planned or in development are as follows:

Atmospheric Cloud Physics Lab

I m IR Telescope

| m UV Telescope

Drop Dynamics Facility
Materials Processing Furnaces
Biological Separation Facilities
Zero Gravity Combustion Facility

Documents that describe the characteris-
tics and capabilities of the NASA-supplied
multi-user facilities can be obtained from
NASA Headquarters.

Based upon the above descriptions, please
indicate the classification of your instru-
ment or experiment.

( ) Autonomous
{ ) Semi-autonomaous

( ) Facility-dependent

If your instrument or experimrent is a
Spacelab payload of the autonomous or
semi-autonomous class, please turn to Sec-
fion C, "Flight Requirements - Spacelab
Instruments/Experiments", page C-1.

If your instrument or experiment is a free-
flying satellite payload of the autonomous
or sem~gutonomous class, please turn tfo
Section D, "Flight Requirements ~ Free-
flying Satellite Instruments”, pege D-1.

if your instrument or experiment is planned
to fly aboard both the Spacelab and a free-
flying Satellite, please complete the ques-
tions 1n both Sections C and D.

If your instrument or experiment is of the
facility-dependent class, do not complete
Sections C or D. Instead, proceed to
Section E, "Supplementary Information”,
and provide information that wiil enable
payload planners to determine which of the
available or planned multi-user facilities
could be employed to support your experi-
ment or investigation.



C. FLIGHT REQUIREMENTS - SPACE-
LAB INSTRUMENTS/EXPERIMENTS

This section asks general questions dealing
with experiment accommedation require-
ments (e.g., power, data handling, etc.) and
mission characteristics (e.g., on-orbit dura-
tion) needed fo meet the objectives of your
Spacelab-supporfed experiment or investi-
gation.

CREW TIME

The Orbiter can support a crew of three fo
saven persons. Three will perform Orbiter
operations; one to four Paylead Specialists
will conduct experiments. Each Payload
Specialist can devote about 8 to {0 hours
per day to conducting experiments.

Remembering that crew time may be need-

ed for activarion, monitoring, equipment

stowage, and results analysis, please check

(/) the estimated crew hours per flight

required by your experiment.

) None

) Less than 5 hours

} 5 to 10 hours

) > 10 1o 30 hours

} > 30 to 100 hours

) More than 100 hours - Explain in
"Notes"

e S R ]

EXPERIMENT CONTROL

Experiment operations can be controlled
on-board, or by digital commands issued
from the ground. While on-board conirol
can be continuous, ground confrol will be
disrupted for periods of up to [0 minutes
every 25 to 40 minutes because of commu-
nications blockages.

NOTES:

Please check () as applicable.
() Experiment does not require any
conirol.
{ ) Experiment, requires only "on/off"
__ commands.
( ) Cxperiment requires real-time
active control (closed-loop).

If real-time active conirol is requirad,
there are several methods by which it can
be accomplished.

Please check (+') the applicable method(s).
( ) By on-board crew
( ) By on-board computer
( ) By digital command from ground.

MISSION DURATION

On a standard Spacelab flight the Orbiter
will remain aloft for 7 days. This duration
can be extended to 30 days if the necessary
provisions are added.

Please check (V) the mission duration
required o achieve the desired objectives
of your experiment.

( )<4 days ( ) & 1o 7 days
() 8iol5days () |6 to 30 days
( }>30 days - Explain 1n "Notes"

Please check (v) the russion duration
required to achieve the minimum objec-
tives of your experiment.

( )< b days () 4107 days
() 81to LS days { ) 16 to 30 days
{ )>30 days - Explain in "Notes"



EXTRAVEHICULAR ACTIVITIES (EVA)
The Orbiter provides the systems and per-

sonnel needed to perform manual tasks -«

outside the pressurized work area. Nomi-
- nal resources permit two, twa-nvan EVA's,
each lasting six hours per flight.

EVA can be used for operation of equip-
ment; deployment, positioning, retraction
of booms; cargo transfer; ete. Planned use
of EVA must carefully consider and trade-
off the potential reduction in experiment
equipment complexity versus the additional
crew time required for EVA preparation,
task execution, and stowage of equipment.

Please check (V) one.

{ ) EVA is not needed for the normal
operation of this experiment.

{ ) EVA is needed for the normal
operation of this experiment.

( ) EVA may be needed for normal
operation of this equipment.

DATA MANAGEMENT

Two-way communication links that carry
data and voice between the Shuttle aond
ground stations will be mamntained for 55-
70% of the orbital mission. An onboeard
recorder can be used to store data for
delayed transmission to the ground.

Down Link:
Digrtal Data (<50M bps)
Analog & TV (£4.2M Hz)
Voice

NOTES:

C-2

Up Link:
Digital & Command (<2k bps)

Voice

Spacelab data management services include
a general purpose computer, a high-rate
(<32M bps) digital tape recorder (26 data
tracks), and display/keyboard unit(s). The
Orbiter's payload recorder can record digi-
tal (£1 M bps) or analog (£2 MHz) data on
each of 14 tracks.

Are the standard data mancgement ca-
pabilities sufficient for your experiment?

Yes { )3 Maybe { )} No (
in "Notes"

) - Explain

Estimate data management requirements,
if possible:

Down Link:

Digital: No ( ); Maybe ( ) Yes( ).
Digital Rate: bps
Analog: No { ); Maybe { )% Yes{ ).
: Analog Bandwidth: Hz
Television: No( ) Maybe( )Yes{ ).
Voice: No ( ); Maybe { J; Yes( ).

Up Links:

Digital: No ( ); Maybe ( ) Yes( ).
Digital Rate: bps
Voice: No { ); Maybe ( )5 Yes ( ).

On-beard

General Purpose Computer:
No ( )Maybe ( ); Yes( )

Display/Keybaoard Uniit:
No ( ); Maybe ()3 Yes( )

Other - Explain in "Notes"



COMMUNICATION COVERAGE .
Communications contacts between the
Shuttle and ground control stations (via the
Tracking and Data Relay Satellite System)
are di¢tated by orbit parameters and vehi-
cle attitude. Real-time communications
will be possible for 55-70% of the time.

Some experiments may need real-time
communication on a randem schedule.
That is, the events that bring on commu-
nications are unpredictable,

Some experiments may need real-time
communication on a fixed schedule; that is,
at fixed times into the mission or at fixed
{or known) orbital positions.

Some experiments may need reai-time.

communication on a flexible - schedule.
That is, convenient times for communi-
cations can be chosen before or during the
mission,

For normal operation of this experiment,
regi~-time communication with the ground:

()
()

is not needed.
is or may be needed on a flexible

schedulie.
( ) 1s or may be needed on a fixed
schedule.
{ ) is or may be needed on a random
schedule.
() Other - Explain in "Notes"
NQTES:
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REMOTE MANIPULATOR ARMS

The Orbiter provides one 15.24m (50 fi)
long remote manipulator arm to perform
experiment operations oufside the pres-
surized work areq.

The arm includes a mechanical hand to
grasp and move equipment components. In
the manual operating mode, the hand can
be positioned linearly to an accuracy of +
3.8 em (= 1.5 in), and rotationally to within
0.5 deq. In the automatic mode, these
positioning accuracies are, respectively, +
5.1 em (x 2.0 in) and 5.0 deg.

With the arm fully extended, the maximum
force exerted at the tip is 6.8 kg (I5 Ib).
At other arm positions relative to the
attach point, this force can grow to 23 kg
(50 ib).

There are gise alight and a TV carnera for
remote payloed viewing. A second arm can
be added for experiments requiring
servicing with two arms.

Please check (v ) as appropriate.

() Remote manipuiator arms will not
be needed for normal experiment
operations.

For normal experiment operarions:

( ) one arm may be needed.
( ) one arm will be needed.
{ ) two arms may be needed.
{ ) two arms will be needed.



INSTRUMENT ORIENTATION/TARGETS
The Orbiter can point at any desired iner-

tiaf, local vertical, earth fixed, or orbital
object target.

Does your experiment require instrument
pointing?

( ) Noj{ ) Yes.
If not, skip to page C-é.

If pointing is required, please check () the
target(s) for your experiment.

)} Sun
) Celestial targets
) Earth's limb

) Geomagnetic field lines

) Orbital object targets

) Nadir

) Specific earth targets

) Swath across earth

) Other - Explain in "Notes"

P

Depending wpon pointing accuracy and
stability reqguirements, instrument poiniing
may be accomplished using the basic Orbi-
ter gttitude control system (ACS) capabil-
ities or by using an Experiment Pointing
Mount (EPM).

ORBITER POINTING AND STABILIZATION
Using the ACS vernier thrusters, instru-
ments mounted o the Spacelab pallet,
scientific airieck or high quality window
can be pointed with an accuracy on the
order of + 2 degrees, with a stability (dead-
band) of + 0.1 deg per axis. The stability
rate (maximum limit cycle rate) is = 0.0
deg/sec per axis.

NOTES:

C-4

Are the basic Orbiter pointing and stabili-
zation capabilities satisfactory for your .
experiment?

() Yes; { ) Maybe; ( ) No.

If you answered "Yes", skip to page C-6.

If not, the basic Orbiter pointing capability
can be improved if the instrument com-
plement provides an aititude reference
signal to the Orbiter. A pointing accuracy
on the order of = 0.5 degree can be
achieved.

Is this improved pointing capability satis-
factory for your experiment?
{ ) Yes; ( ) Maybe; ( )} Ne.

if you answered "Yes", skip to page C-5.

EXPERIMENT POINTING MOUNTS

If experiment pointing and stabilization
requirements exceed Orbiter caopabilities,
the instrument must be installed on an
Experiment Pointing Mounit (EPM). Several
types of NASA-provided mounts will be
available, or the experiment itself may
include a pointing and stabilization capabil-
ity.

Please complete the following statement.

Pointing will be provided by:
() the experiment.
( ) aNASA-provided EPM,
{ ) unknown.

The two primary factors that influence the
choice of an Experiment Pointing Mount
are instrument mass and the stability re-
quired.



INSTRUMENT MASS
Please check (v') the mass range for the
instrument to be mounted on an EPM.
{ ) <30 kg
{ ) 30 fo 100 kg (220 Ib)
() >I00 to 300 kg (6560 iv)
( ) >300 to 1000 kg (2205 Ib)
{ ) >1000 to 3000 kg (6515 1)
( ) >3000 kg
Or, estimate mass, if possible: -
kg, or b

POINTING STABILITY
Please check (v ) the pointing stability
range required by your instrument (ex-
pressed as maximum allowable error).
{ ) 2360 arc sec
( ) <360 to 20 arc sec
{ ) <2010 ! arc sec
() <l to 0.1 arc sec
( ) <0.l arc sec
Or, estimate stability
possible:

requirement, if

arc sec

EPM POINTING ACCURACY

If absolute pointing accuracy greater than
+ 2 degrees is required, an additional
aftitude reference sensing method must be
employed fo reduce bias errors due to IMU
drift, structural misalignment, thermal dis~
tortion, etc.

Depending upon the magnitude of pointing
accuracy required, a package of opticai
sensors (e.g., star trackers, solar sensors,
horizon sensors) can be mounted to the

NOTES:

C-5

instrument structure, or the instrument
may incorporate devices used to derive its
own attitude reference signals. In either
case, the attitude reference data is intro-
duced to the computer ~that conirols the
EPM.

Please check (/) the pointing accuracy
range required by your instrument (ex-
pressed as maximum allowable error).

) Unknown

) 22 degrees

) <2 to /2 degree

)} <1/2 to 1/10 degree

} <360 {o 60 arc sec

} <60 to 10 arc sec

) <10 to | arc sec

) <l are sec

Or, estimate peoinfing accuracy require-
ment, if possible: arc sec

F N T e T R e B Y

Plegse list any other important pointing
accuracy and stability requirements below:




CONTAMINATION SENSITIVITY

Experiments can be ‘influenced by environ-
ments produced by the Orbiter or other:

experiments.

Please review the list below and check (/)
those factors which would adversely affect

your instrument or experurent.

Q.

Particulate Confamination:
While operating -
No ( ) Maybe { ) Yes(
While non-operating -
No { ); Maybe ( ); Yes(

Gaseous Contamination:
While operating -
No ( ); Maybe { ); Yes (
While non-operating -
No ( ); Maybe { ); Yes (

Radicactivity:
While operating -
No{ ) Maybe( ); Yes({
While non-operating -
No( ) Maybe ( ); Yes(

Electromagnetic Fields (RF):
While operating -
No ( ); Maybe ( ); Yes(
While non-operating -
No ( J); Maybe { J; Yes (

Magnetic Fields:
While operating -
No ( ): Maybe { )% Yes (
While non-operating -
No { ); Maybe { ); Yes(

{ ) Other - Explain in "Notes",

If sensitivity to contamination has
been identified above, please list the
type(s) and threshold level(s) in the

"Notes".

NOTES:

)
)

)
)

C-6

CONTAMINATION GENERATION

Experiments can produce conditions which
might influence other experiments.

Please review the list below and check (/')
those conditions which might be produced

by your experiment.

Q.

e.

F

Particulate Contamination:
While operating -
No ( ); Maybe ( ); Yes (
While non-operating -
No ( ) Maybe ( ) Yes(

Gaseous Contamination:
While operating -
No { ); Maybe ( ) Yes (
While non-operating -
No { ); Maybe { J; Yes(

Radicacitivity
While operating -
No { ); Maybe ( ); Yes (
While non-operating -
No { ); Maybe ( ) Yes(

Electromagnetic Fields (RF)
While operating -
No { ): Maybe () Yes (
While non-operating -
No{ ); Maybe ( )% Yes{(

Magnetic Fields
While operating -
No ( ); Maybe ( ) Yes(
While non-operating -
No ( ); Maybe ( ); Yes(

( ) Other - Explain in "Notes".

If generation of contamination has
been identified above, please list the
in

type(s) and magnitude(s)

"Notes''.

)

)
)



DESIRED ORBIT PARAMETERS

Shuttle/Spaceidb misstons will typically be
flown at altitudes ranging between-250 km
(135 n.mi) to 470 km(254 n.mi.), and ai

inclinations ranging ftom 28% to 90

degrees.

Please indicate below the orbit parameters
(altitude and inclination) or range of para-
meters compatible with your experiment.

( ) Any orbit is acceptable.

{ ) Desired orbit parameters are:

Inclination -
froms deg
to: deg
Altitude -
froms: km,
or n.mi.
tos km,

or n.mi.
( ) Unknown,

The next several questions contain infor-
mation concerning viewing opportunities
and environmental factors that are related
to orbit parameters. This information will
provide mission planners with a better
understanding of your instrument or experi-
ment requirements.

RADIATION

Exposure of personnel and egquipment io
trapped and cosmic radiation depends on
Orbiter/Spacelab altitude and position with
respect to the earth's geomagnetic poles
and the South Atlantic Anomaly.

NOTES:

Polar orbits increase exposure to cosmic
radiation (e.g., protons, alpha particles, and
heavier nuclei} whereas orbits taking the
spacecraft through the South Atlantic
Anomaly increase exposure to trapped ra-
diation (e.g., electrons, protons).

With respect fo your experiment:

( ) Any radiation dose rate within
health limits is acceptable.

( ) Radiation dose rates should be
minimized.

( ) Exposure fo high dose rates is
desirable - Explain in "Notes",
Include desired dose rates and
class{es) of radiation, if known.

Estimate radiation limits for your instru-
ment or experiment, if possible;

Operating

Electrons--

Flux ; Energy
Protons -

Flux ; Energy
Other

Non-operating

Electrons -

Flux ; Energy
Protens -

Flux ; Energy
Other ]




ACCELERATION LEVEL
Depending on orbit altitude, background
acceleration levels caused by atmospheric

drag will vary between approximately 107

to 1073,

Please check (/) the maximum allowabie
background occeleration level for your
experiment. (The corresponding altitude is
also indicated.) 6

) 3x IO-Sg @ 250km (135 n.mi.)

) 1 x 1072g @ 300km (162 n.mi.)

) 5x 10 -9 @ 350km (189 numi.}

} Ix |0-89 @ 425km {230 n.mi.)

) 5% 107"g @ 470km (254 n.mi.)

) Any of the above

) Other - Explain in "Notes"

79
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Orbiter attitude maneuvering, crew ac-
tivity ond subsystems operations will
induce acceleration iransients in the range

of 1072 to EO—Ag. These transients can be
avoided for finite time periods by allowing
the Orbiter to "drift" (i.e., no attitude
maneuvering) and by controlling crew ac-
tivity and subsystems operations (l.e.,

timelining to avoid conflicting operations).

Please check (+) the maximum allowable
dcceleration iransient level for your ex-

periment. 2 3
() IO:qg { )10-—11-
{ )I0g ( )<I0 g

( ) Any of the above.
{ ) Other - Explain in "Notes".

if your experiment requires a specific
controlled gravity level (i.e., artificial ""g")
or range of levels, plegse explain in
"Notes".

AMBIENT PRESSURE
As orbital altitude increases, the atmos-
pheric pressure surrounding the Orbiter and

NOTES:

within the cargo bay will,
decrease.

of course,

Does your experiment employ pallet-
mounted equipment or other equipment
that requires access to the space environ-
ment?

( )No;( )Yes.

if not, skip to page C-9.

If access to the space environment s
required, please check (v') the maximum
atmospheric pressure allowable. (The
approximate corresponding altitude is also
given.)

Pressure Altitude
( )5x !0-5 N/m2 @ 250 km
(3.8 x 107 Torr) (135 numi.)
() 2.5% 10°N/m2 @ 287 km
(1.9 x [0-7Torr) (155 n.mi.)
( ) 1x107°N/m> @ 362 km
(7.6 x 10°8Torr) (185 nmi.)
( 5% 1008 N/m® @ 390 km
(3.8 x 10"8 Torr) 210 n.mi.)
( ) 2.5% 107 N/m? @ 440 km
(1.9 x 10-8Torr) (238 n.mi.)
() Ix108N/m? @512 km

(7.6 x 107 Torr) (276 n.mi.)
{ ) Any of the above

( ) Other - Explain in "Notes")



EARTH OBSERVATIONS
Does your experiment require viewing of
phenomena or targets on the earth's sur-

face or within the atmosphere?
{ ) Nos{ ) Yes.

If not, skip to page C-10.

If your experiment requires earth obser-
vations, please check (/) the latitudes in
which you wish to make observations.

ny latitude is accepiable
ot yet determined.

Please use the "Notes" fo describe more
precisely the latitude(s) your experiment
requires, if krown. If a target list is avail-
able, please attach it to Section E.

The time that an earth farget is observable
depends cn Orbiter cititfude and the posi-
tion of the target with respect to the orbit
ground trace. Typically, the maximum
time that an earth farget is in the line-of-
sight of the Orbiter is about 3 fo 7 minutes
of one orbit.

What is the minimum amouni of time in
one orbit that your insirument must be in
the line-of-sight of the tfarget to collect
data?

( )<ilmn. ( )I1to2min.

( )>2to&min( )>41to7 min.

( ) Not yet determined.

( ) Other - Explain in "Notes".

NOTES:

If more precise observational times care
known, please explain in Secticn E.

If known, please list your target viewing
repetition rate and the number of obser-
vations required.
Repetition rate:

No. of observations:

If known, please list your ground
illumination requirements.
Sun elevaiion angle:

target

Cther:




DAY/NIGHT CYCLE

Depending on alfitude and inclination, the
Orbiter/Spacelab can be exposed to varicus
day/night cycles ranging from conrinuous
exposure to the sun to solar exposure.for
some 50 minutes of each 90 minute orbit of
the earth.

Is the day/night cycle of any consideration
in the conduct of your experiment?
{ ) Noj( ) Yes.

[f not, skip to the next question.

if solar exposure is a factor in performing
your experimeni or observation, please
check (v} your requirement.
( ) Continuous exposure (100%)
( ) Maximum exposure (75 to 100%)
() Minimum exposure (55 to 75%)
( ) A specific day/night cycle or
range of cycles is desirable -
Please explain in "Notes".

FLIGHT SCHEDULING .
Some experiments may require a launch
schedule fimed to expose the experiment to
specific events, environments, or phe-
nomend.

Please check (/) the launch scheduling
factors which must be «considered for your
experiment.

) Seasons of the year

) Ground target illumination

) Solar activity

) Phase of the moon or planets

) Celestial target viewing

) Other - Explain in "Notes"

) None krown

e W e B e T i W

NOTES:

EXPERIMENT ACCOMMODATIONS

Experiment 'equipment may be carried aloft
either in a pressurized wvolume (i.e., the
Spacelab module or the Orbiter cabin) or in
the unpressurized volume of the Orbiter’s
payload bay, mounted to a Spacelab pallet
or to a special structure.

Some experiments will use equipment in
both the pressurized and unpressurized vol-
umes, e.g., an instrument mounited on a
pallet, supported by controls mounted in a
module.

The Spacelab module provides a shirisieeve
environment and supplies experiment serv-
ices (power, cooling and data management).
Support equipment such as standard racks,
an airlock and a high quality optical win-
dow can be provided if required.

PALLET (UNPAESSLRIZEDY
EQUIFMENY ACCOMMODATION

T ECIENTIFIC
AIRLOCK

HIGH QUALITY.
WINOOW

MDULE (PHESSURIZED)
EQLIFMENT ACCOMMODATION

The Spacelab pallet (an unpressurized plat-
form to which equipment may be mounted)
also provides experiment services. Pallets
can be flown with or without the Spacelab
moduie.

In pallet-only configuration, experiments
can be controlled from the Orbiter's aft
flight deck or from the ground.



EQUIPMENT WEIGHT & VOLUME (PRES-
SURIZED AREA)

Experiment equipment operated in the
pressurized work area can be mounted in
the Spacelab medule, or in the Orbiter's aft
flight deck.

Equipment in the meodule will be mounted
in 19 inch racks, in double-width (38 inch)
racks, or to the meduie floor. Each rack
has connectors for power, cooiing, and data
management services.

Each single i19-inch rack can carry up fo

0.9m3 (32 ff3) of equipment. Please check
{/) the total volume and weight ranges of
your equipment in the Spacelab module {not
including Spacelab-supplied support equip-
ment).

VYolume
{ ) None
{ ) Experiment can share a single
rack as follows:
( ) Up to /4 rack
( ) >1/4 1o 1/2 rack
( ) >1/2 to 3/4 rack
One complete single rack
Experiment requires more than
one single rack as follows:
( ) 2 single racks (hot necessarily
adjoining)
( ) | double rack
{ ) Other - Explain in "Notes".

()
L)

NOTES:

C-1l

) Nene

) <30 kg (66 1b)
) 30 to 75 kg {165 Ib)

) >75 to 150 kg (330 1b)

) >150 to 300 kg (660 Ih)

) >300 fo 600 kg (1320 |b)

) >600 kg - Explain in "Notes"
Or, estimate weight, if possible:
kg, or

1))

&,
/‘\F“\f“\f“\"\f"\/“'\:—

=

Ib

Experiment support equipment can be

mounted in 0.67m3 (23.6 fl‘3) of volume in
the Orbiter's aft flight deck, where [imited
power, cooling and data management serv-
ices are provided.

Will your experiment mount equipment in
the Orbiter aft flight deck?

Yes ( )3 Maybe { )3 No ( )

If you answered "yes" or "maybe", please
estimate the volume and weight of these
equipment items, if possible:

Volume

m3, or f1‘3
Weight

kg, or ib



ELECTRICAL POWER
AREA)

Experiments inside the Spacelab module
will share continuous electrical power in
the range of 2.0-to 2.5 kW. Electrical
service will be both DC (28 volt) and AC
{115/200 volt, 400 Hz, 3 phase).

(PRESSURIZED

Please check (v') the range of elecirical

power consumption (total DC and AC) for ~

operating your experiment eguipment in
the Spacelab module.

( ) None

{ ) <I00 watts

{ ) 100-500 watts

{ ) >500-1000 watts

( ) >1000-2500 watts

( ) >2500 watis - Explain in "Notes"
Or, estimate power, if possible:

watts

Please check () the range of total time
your experiment will be consuming power
at the rate indicated gbove.

) None

) <10 hours

} 10-25 hours

} >25-80 hours

} >80-168 hours

) >168-300 hours

) >300-600 hours

) >600 hours - Explain in "Notes"
Or, estimate time, If possibles

P T e T e T R e N . T

hours
Equipment in the Orbiter's aoft flight deck
can share up to 300 watts of electrical
power {DC and AC).

Will your experiment require electrical
power from the Orbiter's aft flight deck?

Yes ( Y No{ ) Maybe( )

NOTES:

C-i2

SCIENTIFIC AIRLOCK

The Spacelab module can carry a scientific .
airleck (mounted in the top of the module)
capable of extending instruments some
0.96m (3.15 f1) into space and retraqcting
them. Instruments may be up to Im (3.28
1) in diameter and Im (3.28 f1) in length.

Instruments up to 100 kg (220 Ib) can be
launched/landed in the adirleck, and may be
loaded into and/oer removed from the air-
lock during the mission. Instruments using
the airleck can receive Spacelab-provided
experiment services.

The scientific airlock:

{ ) is not needed by this experiment.

( ) is needed by this experiment.

{ ) may be needed by this experi-
ment.

OPTICAL WINDOW

A high quality optical window that provides
viewing access to earth, deep space, and
the sun can be installed in the top of the
module.

The window is a rectangular pane 4l x 55
em {16.]1 x 21.6 inches) with optical trans-
mission exceeding 65% at all wavelengths
between 400-1000 nm. Parallelism is main-
tained within 2 are seconds.

The high quality optical window:

( ) is not needed by this experiment.

{ ) is needed by this experiment.

( ) may be needed by this experi-~
ment.



EQUIPMENT
AREA)

For Spaceiab missions, equipment items
lecated in the Orbiter cargo bay will gen-
erally be mounted to pallets. However, in
some cases very large items will be
mounted to special support structures.

Each Spacelab pallet is 4.35m (14.35 fi)
wide and 2.88m (9.4 ) long. Pallets can
be connected into 2 or 3 pallet traims.
Please check (v) the fotal pallet area
range required by your experiment (| pallet

& 12mZ or 130 f12).
) None

(

{ ) Less than lm2 (11 f'l'z)
() Im2 to 3m2 (33 ffz)
(

(

(

SIZE  (UNPRESSURIZED

) >3m2 to m2 (65 £9)
2 2 2
} >ém to 12m” (130 f17)

) Greater than 12m2
"Notes™.
Or, estimate area, if possible:

- Explain in

mz, or ft

The payload clearance envelope in the
Orbiter's carge bay measures [8.3m (60 ft)
in length aond &.6m (I5 1) in diameter.
Please (/) check the length range of your
experiment equipment which will -be
mounted fo a special - support structure
rather than the Spacelab pallet.

( ) None '

{ ) Less than 2m (6.6 f1)

{ ) 2m to 5m (16.4 f1)

( ) >5m to 10m (33 f1)

( ) >10m to 15m (49 1)

( ) >i5m to {8.3m (60 1)
Or, estimate length, if possible:

m, o ft
And, estimate width, if possibler -
m, or ft

If possible, please attach a dimensioned
sketch of your experiment equipment in
Section E.

If a sketch is not available, please provide
a dimensioned envelope drawing in the
space provided below.

ENVELOPE DRAWINGS:

{If your experiment employs equipment that deploys or expands fo a larger size, please

show both the stowed and deployed sizes.)

NGO TES:
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EQUIPMENT WEIGHT (UNPRESSURIZED
AREA)}

The fotal weight for all equipment and -

provisions needed jo conduct experiments
(including the Spacelab, experiment equip-
ment and other support equipment) cannot
exceed 14,514 kg (32,000 ib) at landing.

One spacelab pallet can carry up teo 3000 kg

(6,615 Ib) of equipment, and a two or three -

pallet train can carry up fo 5000 kg (11,025
Ib)o

Please check (v) the total weight range of
your experirment equipment which is to be
mounted on Spacelab pallets (including con-
sumables, but excluding Spacelab equip-
ment weight).

} None
) <100 kg (220 ib)
) 100-500 kg (1,102 Ib)
) >500-3000 kg (6,615 Ib)
) >3000-5000 kg (11,025 ib)
() >5000 kg - Explain in "Notes"
Or, estimate weight, if possible:
kg, or ib

P

Please check (¥') the total weight range of
your experiment equipment which will not
utilize a Spacelab pallet but which will be
mounted to a special support structure
(including the weight of the special support
structure and any consumables contained
within the experiment equipment).

( ) None

{ ) <1000 kg (2,205 Ib)

( ) 1000~-3000 kg {6,615 1b}

{ ) >3000-10,000 kg (22,050 Ib}

( ) >10,000-14,514 kg{32,000 Ib}

( ) >14,514 kg - Explain in "Notes"
Or, estimate weight, if possible:

kg, or Ib

NOTES:

ELECTRICAL POWER (UNPRESSURIZED
AREA)

The Orbiter's electrical network can pro-

- vide TkW of DC power to the cargo bay.

Spacelab subsystemns, when operating, con-
sume from [.6 to 4.4 kW.

Equipment on the Spacelab pallet will share
continuous electrical power in the range of
1.5 to &.5 kW. Electrical service will be
both DC (28 volt) and AC (115/200 volt,
400 Hz, 3 phase).

Please check (v} the range of electrical
power (total DC and AC) to be supplied by
the Shuttle/Spacelab electrical distribution

.networks for operating your experiment

equipment in the cargo bay.

) None

) <100 watts

) 100-300 watis

) >300-1500 watts

) >1500-4500 watts

) >4500-7000 watts

} >7000 watts - Explagin in "Notes"
Or, estimate power, if possible:

watts

P Wi W N i H

Please check (') the total time range your
experiment will be consuming power at the
rate indicated above.
) None
) <10 hours
) 10-25 hours
} >25-80 hours
} >80-168 hours
) >188-300 hours
) >300-600 hours
) >600 hours - Explain in "Notes"
Or, estimate time, if possible:
hours
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EXPERIMENT AVAILABILITY

Please indicate below the development
status of your instrument or experiment’

( ) Development has not yet begun.
{ ) Development is underway.

( ) Development is complete and

hardware is available now.

If development has not yet begun, please
check (V') your best estimate of the time
required to design, construct, test and
deliver your instrument or experiment,
starting from program approval date.

( ) Less than one year.

{ ) One to 2 years.

( ) Two to 3 years.

( ) Three fo 5 years.

{ ) More than 5 years.

. _If development is underway, please enter
below the earliest date when your instru-
ment or experiment could be delivered for

infegration into the Spacelab.

Delivery Date:
Month

Year

NOTES:
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EXPERIMENT REFLIGHT

Does this Spacelab experiment utilize any
instruments that might be svitable for later
use by otherexperiments on-board free-
flying satellites?

Yes ( ); Maybe ( XNo( )

Some Spacelab experiments are designed to
be performed completely on one mission

(assuming no significant malfunctions).
These "one shot" experiments have no need
for, nor could they benefit from, reflight

on a Spacelab or on a free~flying satellite.
Is this a "ene shot" investigation?

Yes( )3 No( )

If you answered "yes," please turn to Sec-
tion E, "Supplementary information™, page
E-~l; otherwise continve with this question.

Other experiments require only one Space-
lab mission, and require or mignht benefif
from conduct on a free-flying saiellitfe.
These experiments neither require ror
could benefit from reflight on a Spacelab
mission. s your investigation of this type?
Yes ( ); No{ )

If you answered "ves," please turn to Sec-
tion D, "Flight Requirements - Free-Flying
Satellite Instruments”, page D-|; otherwise
continue with this question.



Please check (') as appropriate:

{ )} This investigation requires more than
one Spacelab flight fo meet its
objectives.

{ ) This investigation, while requiring
only one Spacelab flight, might
benefit from reflight on subsequent
Spacelab missions.

Please estimate the desired number of Space-
lab reflights (not including the initial flight) of
this experiment.

No. of reflights:

For planning purposes, can the answers you
have given to the questions on pages C-lI
through C-15 be considered as “"typical” for ail
Spacelab reflights of this experiment?

Yes{ )3 No( )

If you answered "no", please list major dif-
ferences in reflight requirements:

If your instrument is a candidate for flight on
a free~flying satellite, please complete the
questions in Section D, "Flight Requirements -
Free-flying Satellite Instruments", page D-1.

If your Instrument or experiment is not a
candidate for flight on a free-flying satellite,
please turn to Section E, "Supplementary
information®, page E-1.
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D. FLIGHT REQUIREMENTS.- FREE-
FLYING SATELLITE INSTRUMENTS

This section asks a few very general ques-
tions about your satellite~borne instrument
that will identify it to NASA mission
planners as a candidate for future flight
opportunities.

INSTRUMENT ACCOMMODATIONS

individual instruments and experiments will
require physical and functional infegration
into a free-flying spacecraft which will
provide the necessary supporting services.

The supporting spececraft may be a stan-
dard NASA payload carrier such as the
Long Duration Exposure Facitity (LDEF) or
the Multimission Modular Spacecraft
(MMS), or it may be a specialized design
that is developed for a particular mission
or series of missions.

The Long Duration Exposure Facility
(LDEF) is a reusable, unmanned free-flying
structure that provides a means for expos~
ing experiments to the space environment.
It is placed in earth orbit for 6 months or

earth for analysis of experiment results.

Structural support for the experiments is
provided by mounting irays supplied by
NASA. No other subsystemn support is
provided by the LDEF, although experi-
ments may contain their own power and
datda handling systems.

NOTES:

The Multimission Modular Spacecraft
{MMS) can support earth-, solar-, and
celestial-oriented instruments in both near-
earth and geosynchronous orbits. It pro-
vides a standard baseline of sub-systems
support that can be adapted fo accom-
modaté a wide-range of instrument and
experiment requirements, thus reducing the
cost and lead time required to produce a
flight-ready satellite. The MMS can either
be brought baock from low earth orbit for
repair or refurbishment or it can be reserv-
iced on orbit by the Space Shuttle, as
desired by the user.

Please indicate below the typels) of free-
flying satellite that is a potential carrier
for your instrument or experiment.

( ) LDEF

{ ) MMS
( ) Low earth orbit
( ) Geosynchronous-orbit
( ) Other - Explain in "Notes"

( ) Interplanetary spacecraft

( ) Other;

The information fumished in this ques-
tionnaire will be forwarded to the appro-
priate Program Office. You will be noti-
fied of forthcoming flight opportunities
that may be appropriate for your
instrument.



E. SUPPLEMENTARY INFORMATION

This section is provided for you to add
information that is important for a better
understending of your instrument or
experiment,

Please check (V) the type of supplemen-
tary information you have attached to this
questionnaire.

( ) Sketches, drawings, photographs

{ ) Instrument/experiment data
sheets

( ) Block diagrams or flow charts

( ) Reference documents or reports

( ) List of reference documents

{ ) List/description of mission or
accommodation requirements that
cannot be compromised

( ) Target list for earth or celestial
observations

( ) Description of observational times
for earth cbservations

( ) Other descriptive information is
provided on page E-2

( ) No supplementary information is
furnished at this time.

Pc;ég E-2 provides space for any
explanatery text you care to add.

Thank you,



Please use the space below, and additional sheets if necessary, to add any information that
you feel is important to defining the mission, spacecraft or other accommodations or
environments required by your instrument or investigation.
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NOTE: [tems flagged with asterisk will be completed by NASA Headquarters.
*Code No.

Date

[. Payload Titles

2. *Discipline:

3. Investigator:

a. Name -

b. Organization -

c. Mail Address -

Street or P.QO. Box

City

State Zip

d. Phone-

Area Phone No. Ext.
4, NASA Headquarters Responsible Individual:

d. *Name -

. b. *Program Office -

c. *Mail Code -

d. *Phone -

Area Phone No. Ex?.

5. Status:
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A, INTRODUCTION

This questionnaire booklet requests a
limited quantity of general planning infeor-
mation on scientific and commergial pay-
load elements which will be carried to orbit
by the Space Shuttie.

If your payload is planned to fly as amr
instrument or experiment carried by the
Spacelab or a free-flying satellite {(i.e.,
does not interface directly with the Shut-
tle), do not proceed further in this booklet.
Instead, utilize Bookiet | - "Instruments/
Experiments”.

The information requested by this question-
naire is not of a detailed nature. The
format, organization and contenis have
been designed fo minimize the fime
required to answer the questions, and to
recognize the engineering and scheduling
uncertainties inherent in long-range plan-
ning.

For the majority of questions your response
can be given by simply checking the appli-
cuble swer, However, where more
detailed information is available, space has
been provided to enter such data.

The answers given to these questions will
be used for STS payload planning purposes
only. Responding to this questionnaire does
not imply that funding approval, flight
assignment, etc., will automaticatly follow.
The regular NASA "Acquisition of
investigations" process will be employed
for the formal solicitation for payloads.

Recognizing that requirements, such as
electrical power, will change as payloads
reach maturity, you will be asked period-
ically to review and update the information
reported on the following pages.

The key to routine space operations is the
Space Shuttle System. The Space Shuttie's
Orbiter vehicle~can accommodate a wide
specirum of payloads in its large cargo bay.

For instance, Spacelabs will be carried
aloft by the Shuttle in support of manned
orbital operations; free-flying satellites
will be deployed in, and recovered from,
low earth orbits; and free-flying satellites
with propulsive stages will be deployed
from the Shuttle and launched inte high
energy trajectories.

The Spacelab is an international project
undertaken by the European Space Agency.
lts hardware components are a pressurized
laboratory module (with a shirtsleeve work-
ing environment) and open equipment pal~
lets (exposed to the space vacuum).

EXPERIMENTS

SPACELAB
PALLETS

SPACELAS MODULE

Depending on experiment requirements, the
Spacelab hardware can be arranged as a
modute only, module with pallets, or pallets
only. The Spacelab remains attached to
the Orbiter throughout a flight.



Free-flying satellites. that operate in low
earth orbit can be checked out and
deploved from the cargo bay, serviced and
maintained on orbit, and -recovered for
return to ground for repair or refurbish-
ment,

3
INSTRUMENTS —\
MULTIMISSION y
MODULAR
SPACECRAFT

{
e

SUPPORT SYSTEM

Several kinds of upper stages will be used
to deliver satellites beyond the Orbiter's

earth orbit. Geosynchronous safellites of
the Deita or Atlas-Centaur weight aond

volume class can use the Spinning Solid
-Upper Stage (SSUS).

ATLAS-CENTAUR CLASS
SPINNING SOUID
UPPER STAGE

SATELLITES

DELTA CLASS
SPINNING SOLID
UPPER STAGE

i 4

‘Larger satellites headed for geosynchro--

nous, elliptic, and higher circular orbits or
destined for deep space can use the large,
solid Interim Upper Stage (1US).

UPFER STAGE

I[f responding to the questions using the
spaces provided does not convey all of the
information needed for an gdequate under-
standing of your payicad requirements, you
are requested to add additional explanation
in the "Notes" space provided ocn each page
or in Section E, "Supplementary Informa-
tion".

If your payload element has any "drop-
dead" accommodation or rmission require-
ments that cannot be compromised, or
specific target locations, viewing con-
straints, environmental limits, etc., also
explain these requirements in Section E.

Typewritten responses fo this questionnaire
are noft desired; legible handwritten
responses will be ftotally safisfactory.
Responses in the International (S1) System
of Units are preferred; however, ycu may
use English units instead if you desire.

It is fully understood that many payloads
are in the conceptual phase and that the
data which will eventually result from
engineering analyses are not available at
this time. In this situation, you are
requested to respond to the question with
your best estimate.



B. PAYLOAD OBJECTIVES AND DESCRIPTION

Using the samples as guides, please provide a brief explanation of the paylcad cbjec-
tives, and a summary of payload characteristics.

Payload Objectives:

Sample payload objective: "To obtain stereo photographs of the
earth's surface along the ground track of the satellite to aid the
exploration geologist in search of oil reserves.”

Payload Description:

Sample payload description: "The satellite will include two
cameras, one pointing downward and 30 degrees up the satellite
track, and the other pointing downward and 30 degrees down the
satellite frack. Each camera operates in the 0.8 to I.1
rmicrometer spectral range and photographs 40 km cross track
with 20m resolution."

Supplementary information such as photographs, sketches, and block diagrams can be

most helpful to payload planners. |f available, please provide applicable information of ?h:s
type as attachments to Section E, "Supplementary Information”, page E-1.

B-1



Payload Types:

Space Transportation System payloads are of
two general types - attached and free-

flying.

Attached payloads remain with the Orbiter
for relatively short mission durations (up to
30 days). They may be mounted in the
Orbiter cargo bay or in the crew cabin.
They generaily require supporting services
from the Orbiter “(e.g., elecirical power,
cooling, and data management) during the
orbital phase of the mission.

Free—flying payloads are releagsed from the
Orbiter and operate independent of the
Shuttie for relatively long periods of time
(months to years), Safellites that operate af
altitudes higher than the Orbiter may have
self-contained propulsion systems, or they
may use an additional propulsive upper
stage.

Please check (v') the appropriate description
of your paylead.

( ) This payload is of the attached
type and will remain with the
Orbiter for the entire flight dura-
tion.

() This payiocad is a free-flying system
and will be released from the
Orbiter in low earth orbif.

( ) This payload remains attached to
the Orbiter during initial orbital
operations and will then be
released as a free-flying system.

If your payload is of the atitached type,
please turn to Section C, "Flight Require-
ments - Attached Payloads", page C-l.

If your payload is a free-flying system,
please turn to Section D, "Flight Require-
ments - Free-flying Payloads", page D-1.

If your payload has characteristics of both
types, please complete the questions in both
Sections C and D.

B-2



C. FLIGHT REQUIREMENTS - ATTACH-

£ED PAYLOADS

This section asks general questions dealing
with payload accommodation requirements
(e.g., power, data handling, etc.) and mis-
sion characteristics (e.g., on-orbit duration)
needed to meet the objectives of your
Shuttle-attached payload element.

CREW TIME

The Qrbiter can support a crew of three to
seven persons. [hree will perform Orbiter
operations; one to four Payload Specialists
will conduct payload operations. Each
Payload Specialist can devote about 8 to 10
hours per day to conducting payload operg-
tions.

Remembering that crew time may be need-
ed for activation, monitoring, equipment
stowage, and results analysis, please check
(¥) the estimated crew hours per flight
required by your payload.

( ) None

( ) Less than 5 hours

{ ) 5to 10 hours

{ ) >10to 30 hours

. .{ ) >30 1o 100 hours
(") More than 100 hours - Explain in
"Notes"

PAYLOAD CONTROL

Payload operations can be controlled on-
beard, or by digital commands issued from
the ground. While on-board control can be
continuous, ground control will be disrupted
for periods of up to 10 minutes every 25 to
40 minutes because of communications
blockages.

NOTES:

C-1

Please check (v') as applicable.
( ) Payload does not require any
control.
( ) Payload requires only "on/off"
commands. .
( ) Payload requires real-time active
conirol (closéd-loop).

If real-time active control is required,
there.are several methods by which it can
be accomplished.

Please check (¥') the applicable method(s).
( ) By on-board crew
( ) By on-board computer
{ ) By digital command from ground.

MISSION DURATION

On a standard flight with an aittached
payioad the Orbiter will remain aloft for 7
days. This duration can be extended to 30
days if the necessary provisions are added.

Please check (+) the mission duration
required fo achieve the desired objectives
of your payload.

{ ) <4 days ( ) 41o7 days
( ) 8to !5 days ( ) 16 to 30 days
{ ) >30 days - Explain in "Notes"

Please check (¥') the mission duration
required to achieve the mimimum
objectives of your payload.

<4 days ( ) 41to7 days
8 to |5 days { ) 16 to 30 days

()
()
( ) >30 days - Explain in "Notes"



EXTRAVEHICULAR ACTIVITIES (EVA)
The Orbiter provides the systems and per-
sonnel needed to perform manual tasks
outside the pressurized work area. Nomi-
nal resources permit two, two-man EVAls,
each lasting six hours per flight.

EVA can be used for operation of equip-
ment; deployment, positioning, retraction

of booms; cargo transfer; efc. Planned use

of EVA must carefully consider and trade-
off the potential reduction in experiment
equipment complexity versus the additional
crew time required for EVA preparation,
task execution, and stowage of equipment.

Please check {/) one.

( ) EVA is not needed for the normal
operation of this payload.

{ ) EVA is needed for the normal
operation of this payload.

{ ) EVA may be needed for normal
operation of this payload.

DATA MANAGEMENT

Two-way communication links that carry
data and voice between the Shuttie and
- ground stations will be maintained for 55-
70% of the orbital mission. An onboard
recorder can be used to store data for
delayed transmission to the ground.

Down Link:
Digital Data {<50M bps)
Andlog & TV (<4.2M Hz)
Voice

NOTES:

UE Link:
Digital & Command (£2k bps)
Voice

Payloads attdched to the Orbiter can use
the Orbiter's general purpose computer, 14~
frack analog (£2M- Hz)/ digital (<IM bps)
data recorder, and displaykeyboard unit for
data management.

standard data
sufficient for

Are the  Orbiter's
management cagpabilities
your payload?

Yes { ); Maybe ( )

in "Notes"

No ( ) - Explain

Estimate data management requirements,
if possible:

Down Link:
 Digital: No ( );'Maybe ( ); Yes( .
Digital Rate: . bps
Analog: No { ); Maybe ( ); Yes ( ).
Analog Bandwidth: _H=z
Television: No( ); Maybe{ );Yes( ).
Voice: No ()3 Maybe { ); Yes ( ).

Up Link:
Digital: No { ); Maybe ( ); Yes ( ).
Digital Rates: bps
Voice: No { )3 Maybe ( ); Yes ( ).

On-board )
General Purpose Computer:
No { kMaybe ( ); Yes( )

Display/Keyboard Unit:
No { ); Maybe ( ); Yes( ).

Qther - Explain in "Notes™"



COMMUNICATION COVERAGE
Communications contacts between the
Shuttle and ground control stations (via the
Tracking and Data Relay Satellite System)
are dictated by orbit parameters and vehi-
cle attitudes Real-time communications
will be possible for 55-70% of the time.

Some payloads may need real-time com-=
munication on a random schedule. That is,
the events that bring on communications
are unpredictable.

Some payleads may need reai-time com-
munication on a fixed schedule; that is, at
fixed fimes into the mission or at fixed (or
known) orbital positions.

Some payloads may need real-time com-
munication on a flexible schedule. That is,
convenient times for communications can
be chosen before or during the mission.

For normal operation of this payload, reai-
time communication with the ground:

( ) is not needed.

( ) is or may be needed on a flexible
schedtile.

( ) is or may be needed on a fixed
schedule.

( ) is or may be needed on a random
schedule.

( ) Other - Explain in "Notes"

NOTES:

REMOTE MANIPULATOR ARMS

The Orbiter provides one 15.24m {50 f1)
“long remote manipulator arm to perform
payload operations outside the pressurized
work @ea.

The arm includes a mechanical hand to
grasp and move equipment components. In
the manual operating mode, the hand can
be positioned linearly to an accuracy of +
3.8 cm (+ 1.5 in), and rotationally to within -
0.5 deg. In the qutomatic mode, these
positioning accuracies are, respectively, +
5.1 em (+ 2.0 in) and 5.0 deg.

With the arm fully extended, the maximum
force exerted at the tip is 6.8 kg (15 [b)
At other arm positions relafive to the

attach point, this force can grow to 23 kg
(50 Ib).

There are also a light and a TV camera for
remote payload viewing. A second arm can
be added for payloads requiring servicing
with two arms.

Please check (/) as appropriate.

( ) Remote manipulator arms will not
be needed for normal payload oper-
ations.

For normal payload operations:

one arm may be needed.
one arm will be needed.
two arms may be needed.
two arms will be needed.

()
()
()
()



PAYLOAD ORIENTATION/TARGETS

The Orbiter can point at any desired
inertial, local vertical,, earth fixed, or
orbital object target.

[4

Does vyour payload
orientation or pointing?

require controlled

( ) Nos () Yes.
if not, skip to page C-é.

If pointing 1s required, please check () the
target(s) for your payload.

) Sun

) Celestial targets

) Earthls limb

} Geomagnetic field lines

) Orbital object targets

Y Nadir

)} Specific earth targets

) Swath across earth’

} Other - Explain in "Notes"

e W e e L P A s e T S}

Depending upon pointing accuracy and sta-
bility requirements, payload pointing may
be accomplished using the basic Orbiter
attitude control system (ACS) capabilities
or by using an Experiment Pointing Mount
(EPM).

ORBITER POINTING AND STABILIZATION
Using the ACS vernier thrusters, payloads
mounted to the Orbiter can be pointed with
an accuracy on the order of +2 degrees,
with a stability (deadband) of +0.] deg per
axis. The stability rate (maximum limit
cycle rate) is +0.01 deg/sec per axis._

NOTES:

Are the basic Orbiter pointing and stabili-
zation capabilities satisfactory for your
experiment?

( ) Yes; ( ) Maybe; { ) No.
If you answered "Yes," skip to page C-6.

If not, the basic Orbiter pointing capability
can be improved if the payload provides an
attitude reference signal to the Orbiter. A
pointing accuracy on the order of +0.5
degree can be achieved.

Is this improved poinfing
satisfactory for your payload?

capability

{ ) Yes; { ) Maybe; ( ) No.
If you answered "Yes," skip to page C-6.

EXPERIMENT POINTING MOUNTS

If payload pointing and stabilization re-
quirements exceed Orbiter capabilities, the
instrument must be installed on an
Experiment Poinfing Mount (EPM). Several
types of NASA-provided mounts will be
available, or the payload itseif may include
a pointing and stabilization capability.

Please complete the foilowing statement.

Pointing will be provided by:

{ ) The payload
( ) A NASA-provided EPM
{ ) Unknown.

The two primary factors that influence the
choice of an Experiment Pointing Mount
are instrument mass and the stability
reguired.



INSTRUMENT MASS
Please check {v) the mass range for the
instrument to be mounted on an EPM.
( ) <30kg
{ ) 30 to 100 kg (220 Ib}
() >100 to-300 kg'(660 1b)
{ ) >300 to 1000 kg (2205 Ib)
( ) >[000 to 3000 kg (6615 1b)
{ ) >3000 kg
Or, estimate mass, if possible:
kg, or b

POINTING STABILITY
Please check (/) the pointing stability
range required by your instrument (express-
ed as maximum ailowable error).
{ ) =360 arc sec
{ ) <360 to 20 arc sec
( ) <20to | are sec
( )} <l to Q.1 arc sec
{ ) <0.] arc sec
Qr, estimate stcbility
possible:

requirement, If

arc sec

EPM POINTING ACCURACY

If absolute pointing accuracy greater than
+2 degrees is required, an additional at-
titude reference sensing method must be
emploved to eliminate bias errors due to
IMU drift, structural misalignment, ther-
mal distortion, etc.

Depending upon the magnitude of peinting
accuracy required, a package of optical
sensors {(e.g., star trackers, solar sensors,

NOTES:

horizon sensors) can be mounted tfo the
instrument structure, or the instrument
may incorporate devices used to derive its
own gititude reference signals. In either
case, the attitude reference datae is intro-
duced to the computer that controls the
EPM.

Please check (v} the pointing accuracy
range required by your instrument {express-
ed as maximum allowable error).

) Unknown

) 22 degrees

) <2 to 1/2 degree

) <1/2 1o /10 degree

)} <360 to 60 arc sec

} <60 to°10 arc sec

) <10 to | arc sec

) <! arc sec

Or, estimate pointing Gccuracy regquire-
ment, if possible: are sec

'

Please list any other important peinting
accuracy and stability requirementis below:




CONTAMINATION SENSITIVITY

Payload elemenis can be influenced by
environments produced by the Orbiter or

other payloads.

Please review the list below and check (v}
those factors which would -adversely affect

your payload element.

Q.

f.
.

Particulate Contamination:
While operatfing -
No{ ) Maybe { ); Yes(
While non-operating -
No ( ); Maybe { ) Yes(

Gaseous Contamination:
While operating -
No ( ); Maybe ( ); Yes (
While non-operating -
No ( ); Maybe ( ); Yes(

Radioactivity:
While operating -
No ( ); Maybe ( ); Yes (
While non-operating -
No { ); Maybe ( ) Yes(

Eleciromagnetic Fields (RF):
While operating -
No { ); Maybe ( ); Yes (

" While non-operating -

No ( ) Maybe ( ); Yes (

Magnetic Fields:
While operating -
No ( ) Maybe ( ); Yes (
While non-operating -
No { ); Maybe ( ); Yes (

( ) Other - Explain in "Notes."

If sensitivity to contamination
been identified above, please list the
type{s) and threshold level(s) in the

"Notes."

NQOTES:

)

C-6

CONTAMINATION GENERATION
Payload elements can produce conditions
which might influence other payloads.

Please review the list below and check (¥}
those. conditions which might be produced
by your payload element.

a. Particulate Contamination:
While operating -
No { ); Maybe { ); Yes( )
While non-cperating -
No{ ); Maybe ( ); Yes( )

b. Gaseous Contamination:
While operating -
No ( ); Maybe { ); Yes( }
While non-operating -
No{ ); Maybe ( ); Yes( )

c. . Radioacitivity
Whiie operating -
No ( ); Maybe ( ); Yes( )
While non-operating -
No{ ); Maybe( ); Yes( }

d. Electromagnetic Fields (RF)
While operating -
No ( J); Maybe ( ); Yes( }
While non-operating -
No{ ) Maybe( ) Yes( )

e. Magnetic Fields
While operating -
No ( ); Maybe ( ); Yes( .)
While non-operating -
No ( ); Maybe { ) Yes{ )

f. () Other - Explain in "Notes".

g. If generation of contemination has
been identified above, please list the
type(s) and magnitude(s), in the
"Notes",



DESIRED ORBIT PARAMETERS

Shuttle missions with attached payloads
will typically be flown at altitudes ranging
between 250 km (135 n.mi) to 470 km(254
n.mi.}), and at inclinations ranging from 28%
to 20 degrees.

if possible, Indicate below the orbit param-
eters (altitude and inclination) or range of-
parameters compatible with your payioad.

( ) Any orbit is accepiable.

( ) Desired orbit parameters are:

Inclination ~
from: deg
to: deg
Altitude -
from: km,
or n.mi.
to: km,
or NeMis

( ) Unknown.

The next several questions contain infor-
mation concerning viewing opportunities
and environmental factors that are related
to orbit parameters. This information will
provide mission planners with a better
understanding of your payload require-
ments.

RADIATION

Exposure of personnel and equipment to
trapped and cosmic radiation depends on
Orbiter altitude and position with respect
to the earth's geomagnetic poles and the
South Atlantic Anomaly.

NOTES:

Polar orbits increase exposure to cosmic
radiation (e.g.; protons, alpha.particles, and
heavier nuclei) whereas orbits taking the
spacecraft through ~the South Atlantic
Anomaly increase exposure to irapped radi-’
ation (e.g., electrons, orotons).

With respect to your payload element:
( ) Any radiation dose rate within
health limits is acceptable.
{ ) Radiation dose rates should be
. minimized.
( ) Exposure to high dose rutes is
desirable - Explain in "Notes".
Include desired dose rates and
class{es) of radiation, if known.

Estimate radiation limits for your payload,
if possible:

Operating
Electrons -

Flux
Protons -

Flux
Other

3 Energy

;s Energy

Non-operating
Electrons -
Flux
Protons -
Flux
Other

; Energy

s Energy

C-7



ACCELERATION LEVEL
Depending on orbit altitude, background
acceleration levels caused by atmospheric

drag will vary between approximately 10-6
to IO-Sg.

Please check {¥) the maximum allowable

background acceleration level for your pay-

load. (The approximate -corresponding al-
titude is also indica‘l‘ed.)

) 3x 10 69 @ 250km (135 n.mi.)
) 1x 10°5g @ 300km (162 n.mi.)
) 5x 107 79 @ 350km (189 n.mi.)
) 1 x10 _g9 @ 425km (230 n.mi.)
) 5x 10 g @ 470km (254 n.mi.)
)} Any of the above

) Qther - Explain in "Notes"

Orbiter attitude maneuvering, crew activ-
ity and subsystems operations will induce
acceleration transients in the range of 10-2
to lﬁ-qg. These transients can be avoided
for finite time periods by allowing the
Orbiter to "drifi" (i.e., no attitude maneu-
vering) and by controlling crew activity and
subsystemns operations (i.e., timelining to
aveid conflicting operations).

Please check (/) the maximum allowable
acceleration transient level for your pay-
load.

-3
()10 ( )10
()10 “ () <107
( ) Any of the above.
()0

ther - Explain in "Notes".

If your payload requires a specific con-
trolled- gravity level {i.e., artificial "g"} or
range of levels, please explain in "Nofes".

NOTES:

-

C-8

AMBIENT PRESSURE

As orbital- altitude increases, the atmos-
pheric pressure surrounding the Orbiter and
within the cargo bay wiil, of course,
decrease,

Does your payload require access to the
space environment?

{ ) No; ( ) Yes.
If not, skip to page C-9.

If access to the space environment is
required, please check (/) the maximum
atmospheric pressure allowable. (The ap-
proximate corresponding altitude is also
given.}

Pressure Altitude
( ) 5x107°N/m? @ 250 km

(3.8 x 107 Torr) (135 numi.)

( ) 2.5x 10°N/m? @ 287 km
(1.9 x 10~ Torr) (155 n.mi.)

() 1x10°N/m? @ 342 km
(7.6 x IO-STorr) (185 n.mi.)

( ) 5x10°N/m®> @390 km
(3.8 x 10"°Torr) (210 num.)

() 2.5x% 10°N/m? @ 40 km
(1.9 x 10" Torr) (238 nmil)

() 1x10°%m? @s5i2km
(7.6 % 107 Torr) (276 numi.)

( ) Any of the above

{ )} Other - Explain in "Notes™)



EARTH OBSERVATIONS
Deoes your payload require viewing of phe-
nomena or targets on the earth's surface or
within the atmosphere?

{ ) Yes; ( )No.

If not, skip to page C-10.

If your payload requires earth observations,.
please check (/) the latitudes in which you
wish to make observations.

( ) 0 to 28.5 deg.

( ) 0 to 57 deg.

( ) 0 to 90 deg.

{ ) Any latitude is acceptable

{ ) Not yet determined.

Please use the "Notes'" to describe more
precisely the latitude(s) your paylead
requires, if known. |If a target list is
available, please attach it to Section E.

The time that an earth target is observable
depends on Orbiter altifude and the posi-'
tion of the target with respect fo the orbit
ground frace. Typicaily, the maximum
time that an earth target is in the line-of-
sight of the Orbiter is about 5 to 7 minutes
of one orbit.

What is the minimum amount of time in
one orbit that your paylcad must be in the
line-of-sight of the target fo coilect data?

{ ) <! min. ( ) 1to2min.

{ )>2totmin.( ) >&to 7 min.

{ ) Not yet determined.

( ) Other - Explain in "Notes".

NOTES:

If more precise observational times are
known, please explain in Section E.

If known, please list your target viewing
repetition rate and the number of observa-
tions required.

Repetition rate:

No. of observations:

If known, please list your ground
illumination requirements.
Sun elevation angle:

target

Qther:




DAY/NIGHT CYCLE

Depending on altitude and inclination, the
Orbiter can be exposed to various day/night
cyeles ranging from continuous exposure To
the sun to solar exposure for some 50
minutes of each 90 minute orbit of the
earth.

Is the day/night cycle of any consideration

in the conduct of your payload operations? ~

{ ) Nos( ) Yes.
If not, skip to the next question.

If solar exposure is a factor in conducting
your payload operations, please check (')
your requirement.
( ) Continuous exposure (100%)
{ ) Maximum exposure (75 to [00%)
( ) Minimum exposure (55 to 75%)
( ) A specific day/night cycle or
range of cycles is desirable -
Please explain in "Notes".

FLIGHT SCHEDULING

Some payloads may require a launch
schedule timed to expose the payload to
specific events, environments, or
phenomena.

Please check (¥} the launch scheduling
factors which must be considered for your
payload.

) Seasons of the year

) Ground target-illumination

} Solar activity

) Phase of the moon or planets

} Celestial target viewing

) Other - Explain in "Notes"

) Nene known

P o M N Tt T i WS

NOTES:

PAYLOAD ACCOMMODATIONS

Payload equipment may be carried aloft
either in the pressurized Orbiter cabin or in
the unpressurized volume of the Orbiter's
cargo bay.

The choice of location. will depend on
factors such as size, the need for manned
access, and whether the equipment requires
direct exposure to space.

The Orbiter supplies basic services such as
power, c¢ooling and data management.
Payloads can be conirolled from the
Orbiter's aft flight deck or from the
ground.

EQUIPMENT WEIGHT & VOLUME (PRES-

SURIZED AREA)

Payload equipment operated in the
pressurized work area can be mounted in

0.157'm3 (23.6 ﬂ'3) of volume in the Orbiter's
aft flight deck, where limited power,
cooling and data management services are
provided.

Will your payload mount equipment in the
Orbiter aft flight deck?
No ( )3 Maybe { )3 Yes( )

[f you answered "yes" or "maybe', please
estimate the volume and weight of these
equipment items, if possible:

Yolume

m~, or ﬁs
Weight

kg, or b




ELECTRICAL POWER (PRESSURIZED

AREA)

Payload equipment in the Orbiter's aft
flight deck will share up to 750 watts of
continuous electrical power (AC and DC).

Will your payload require electrical power
from the Orbiter's aft flight deck?
Ne { ) Maybe ( ); Yes{( )

If you answered "yes" or "maybe", please
check (¥) the range of elecirical power
consumption (tofal DC and AC) for operat-
ing your payload equipment in the aft flight
deck,
) <50 watts
) 50 to 100 watts
) >100 to 300 watts
) ~300 to 500 watts
) >500 to 750 watts
) >750 watts - Explain in "Notes"
Or, estimate power, if possible:

watis

P e T e T i Wt S

Please check (/) the range of tfotal time
your payload will be consuming power at
the rate indicated above.

( ) <10 hours
( ) 10-25 hours
( ) >25-80 hours
{ ) >80-168 hours
{ ) >I68-300 hours
{ ) >300-600 hours

( )} >600 hours - Explain in "Notes"
Or, estimate time, if possible:

hours

NOTES:

ELECTRICAL POWER (UNPRESSURIZED
AREA)

Payload elements mounted in the Orbiter's
cargo bay will share continuous electrical
power up to 7.0 kW. Electrical sefvice will
be 28 voit DC.

Please check (¢ ) the range of electrical
power consumption for operating your pay-
load equipment in the cargo bay.

) None

<100 watts

100-300 watis

>300-1500 watts

>1500-4500 watts

>4500-7000 watts

>7000 watts - Explain In "Notes"
Or, estimate power, if. possible:

watts

P R e R T i)
i e i

Please check (/) the range of tofal time
your payload will be consuming power at
the rate indicated above,

( ) None
) <10 hours
) 10-25 hours
) >25-80 hours
) >80-168 hours
) >168-300 hours
} >300-600 hours -

( ) >600 hours - Explain in "Notes"
Or, estimate time, if possible:

hours

P W W e M R
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PAYLOAD ELEMENT WEIGHT (UNPRES-
SURIZED AREA)

The total weight for all equipment and
provisions needed to conduet payload oper-
ations cannot exceed 14,514 kg (32,000 I1b)
at landing.

Please check (v) the weight range of your
payload equipment which is to be mounted
in the Orbiter's cargo bay.

{ ) None

( ) <1000 kg (2,205 1b)

( ) 1000-3000 kg (6,615 Ib}

{ ) >3000-10,000 kg (22,050 1b)

( ) >10,000-14,514 kg(32,000 Ib)

{ )} >14,514 kg - Explain in "Notes"
Or, estimate weight, if possible: N

ka, or

b

PAYILLOAD SIZE (UNPRESSURIZED AREA)
Payload elements can be mounted directly
to standardized attachment fittings along
the sides and bottom of the QOrbiter's cargo
bay.

_ space provided below.

The payload clearance envelope in the
Orbiter's cargo bay measures 18.3m (80 1}
in length and 4.6m (I5 f1) in diameter.
Please (v) check the length range of your
payload equipment which will be mounted
in the cargo bay.

() None

{ ) Less than 2m (8.6 1)

( ) >2m to 5m (6.4 1)

( ) >5m to |0m (33 )

( ) >10m to 15m (43 i)

( ) >15m to 18.3m (60 1)
Or, estimate length, if possibles

m, or ft
And, estimate width, if possible:
m, or ft

If possible, please attach a dimensioned
sketch of your payload equipment in
Section E.

If a sketch is not available, please provide
a dimensioned envelope drawing in the

ENVELOPE DRAWINGS:

(If your payload employs equipment that deploys or expands to a larger size, please show

both the stowed and deployed sizes.)

NOTES:

C-12



PAYLOAD AVAILABILITY
Pleagse indicate below the development
status of your payload element.

( ) Development has not yet bpgun.

( ) Development is underway.

() Development is complete and_
hardware is available now.
If development has not yet begun, please

check (/) your best estimate of the time
required to design, construct, test and
deliver your paylead element, starting from
program approval date.

{ ) Less than one year.

{ ) One to 2 years.

( ) Two to 3 years.

{ ) Three to 5 years.

{ ) More than 5 years.
If development is underway, please enter
below the eartiest date when your payload
element could be delivered for integration

into the Shuttle.

Delivery Dates
Month

. Year

NOTES:

PAYLOAD REFLIGHT

C-13

Daoes this payload element utilize any
instruments that might be suitable for later
use on-board free-flying satellites?

Yes ( )3 Maybe ( No ()

Some  Shuttie-attached payloads are
designed fo complete their operations on
one mission (assuming no significant
malfunctions). These "one  shot"
investigations have no need for, nor could
they benefit from, reflight on the Shuttle
or on a free-flying satellite.

Is this a "one shot" investigation?
Yes( );No( )

[f you answered "yes," please turn to
Section E, "Supplementary Information”,
page E-l; otherwise continue with this
guestion.

Other investigations require only one
Shuttle-attached mission, and require or
might benefit from conduct on a free-
flying satellite. These payloads neither
require nor could benefit from reflight on a
Shuttle- attached mission. Is your
investigation of this fype?

Yes ()5 No( )

If you answered "yes," plegse turn to
Section D, "Flight Requirements - Free-
Flying Payloads”, page D-l; otherwise
continue with this question.



Please check (V) as appropriate:

( ) This investigation requires more
than one Shuttie flight fo meet its
objectives.

{ ) This investigation, while requiring
only one Shuttle flight, might bene-
fit from -reflight on subsequent
Shuttle missions.

Please estimate the desired number of Shut-
tle reflights {not including the initial flight)
of this Shuttie-attached payload.

No. of reflights:

For planning purposes, can the answers you
have given to the guestions on C-1 through
C-{3 be considered as "typical" for all
reflights of this Shuttie-attached paylead?

Yes{ ) No( )

If you answered "no", please list madajor
differences in reflight requirements:

If your payload also has a free~flying opera=
tional phase, please complete the questions
in Section D, "Flight Requirements - Free-
flying Payloads", page D-I.

If your payload does not have a free-flying

operational phase, please turn to Section E,
"Supplementary Information", page E-1.

C-l4



D. FLIGHT REQUIREMENTS -

FLYING PAYLOADS

FREE-

This section asks general questions dedaling
with free-flying payload accommodation
requirements (e.g., power, data handling,
crew time, ete.) and mission characteris-
tics (e.g., on-orbit duration) needed to

meet the objectives of your earth-orbiting-

satellite or interplanetary spacecraft.

Free-flying satellites and spacecraft will
be carried aloft and if retrieved, returned
to earth in the Orbiter's cargo bay, which is
about 4.6m (|5 f1) in diameter and 18.3m
(60 ) long.

Payloads can be placed directly info earth
orbits ranging in inclination from 28.5
degrees (low inclination) to 104 degrees
(sun-synchronous), at altitudes from 185 km
(100 n.mi.) to about 550 km (300 n.mi.).

The Shuttle's propulsion capability can be
increased (at the expense of allowable
payload weight and volume) to achieve
higher altitudes. However, weight frade-
offs strongly suggest that free-flying pay-
loads with operational altitudes above 460
km (250 n.mi.) shouid plan to provide self-
contained propulsion systems or use one of
the STS-provided upper stages to launch
the payload from a 296 km (160 n.mi.)
parking orbit into the operational orbit.

NOTES:

For a nominal altitude of 296 km (160
n.mi.}, the total cargo weight that can be
delivered by the Shuttle (ho additional
propuision capability) is a function of
launch inclination.

Inclination Weight
Degrees kg (ib)
28.5 29,484 (65,000)
56 28,855 (57,000)
20 16,783 {37,000}
104 13,608 (30,000)

In addition to systems for payload deploy-
ment and retrieval, the Orbiter provides
the capability for on-board data manage-
ment, pre- and post-relegse communica-
tions with the payload, Orbiter-ground
communications, and extravehicular activ-
ity (EVA) for payload servicing.



NUMBER OF PAYL.OADS

Some missions will require that two or
more satellite or spacecraft payloads be
deployed by the Shuttle for simuitaneous or
cooperative operation (Multi-payload
Missions).

Other missions will require that only one
payload be  deployed tfo  operate
independently for the duration of its
operational life (Single-payload Missions).

Please check (v') one:
() This is a Single-payload Mission

( ) This is or might be a Multi-
payload Mission

[f this is a Single-payload Mission, please
continue fo the next item in the question-
naire.

iIf it is a Multi-payload Mission, please
contact the person who signed the letter of
transmittal with this questionnaire and
secure  sufficient copies of  the
questionnaire to complete one for each of
the payloads in the mission.

DESIRED ORBIT PARAMETERS

If vou already know the orbit parameters
(altitude and inclination} compatible with
your payload, please give them below. (if a
non~circular earth orbit is desired, please
give the apogee and perigee in the
"Notes".)

NOTES:

D-2

Desired orbit parameters are:

Inclination -
from: deg
to: deg
Altitude -
from: kmn,
or n.mi.
to: km,
or MM,

Escape trajectory to:

If orbit parameters are not now known,
please provide your best estimate by selec-
ting the' most appropriate of the ranges
listed below.

ORBITAL INCLINATION

Plegse indicate below the desired
operational inclination for your payload.

( ) Inclination is unconstrained
( ) 0degrees (equatorial)

{ ) >0 1o 15 degrees

{ ) >I5. to 28.5 degrees

() >28.5 to 45 degrees

{ ) >45 to 57 degrees

( ) >57 to 70 degrees

( ) >70 to 90 degrees

( ) >90 to |04 degrees

( ) Escape trajectory

{ ) Other - Explain in "Notes"



OPERATICNAL ALTITUDE

Please indicate below the desired opera-
tional altitude of your payload (if non-
circular, estimate apogee and perigee in
the "Notes").

) Altitude is unconstrained

) <325 km (175 n.mi.)

) 325 km to 460 km {250 n.mi.)

) >860 km to 600 km (325 n.mi.)

) >600 km to 830 km (450 n.mi.)

} >830 km to 1060 km (575 n.mi.)

) >1060 km to near geosynchronous
) Geosynchronous

) Escape irajectory

) Qther - Explain in "Notes"

o T e S N Y T o T i T i o T

HIGH ALTITUDE SATELLITES

Satellites launched from Shuttle orbifs info
high altitude or geosynchronous orbits can
use self-contained propulsion systems or an
STS-provided upper stage.

The Spinning Solid Upper Stage (SSUS) can
inject either of two weight classes of
satellites into geosynchronous transfer or-
bits. These satellites must provide their
own propulsion systems for final insertion
from the transfer orbit intfo the desired
geosynchronous orbit.

The "Delta class" (SSUS-D) can inject about
1088 kg (2,400 Ib) into a geosynchronous
transfer orbit, with a spin-stabilization
capability of up to 100 rpm.

Will your satellite use g SSUS-D?
Yes ( ); No ( ); Maybe ( )

The "Atlas Centaur class" {SSUJS-A) can
inject about (990 kg (4,400 Ib) into g
geosynchronous transfer orbit, with a spin
capability of up to 65 rpm.

NOTES:

Wil your satellite use a SSUS-A?
Yes () No ( ); Maybe ()

The Interim Upper Stage (IUS) configura-
tion for launching high altitude satellites i1s

_ a two-stage, three-axis stabilized vehicle

that can deliver up to 2270 kg (5,000 Ib) to
a geosynchronous orbit.

Will your satellite use an-fUS?

Yes ( ); No ( )3 Maybe ( )
Wiil your satellite use a self-contained
propuision system for launch from the
Shuttle parking orbit into the operational
orbit?

Yes { )3 No ( ); Maybe ( )

INTERPLANETARY MISSIONS

The Interim Upper Stage (IUS) can launch
interplanetary missions from Shuttle
parking orbiis.

A three-stage IUS can inject a 4540 kg
(10,000 Ib) spacecraft into an escape tra-
jectory for the inner planets.

Will your spacecraft use a three-stage 1US?

Yes { ) No ( ); Maybe ( )

A four-stage IUS can inject a 540 kg (1,200
b} spacecraft on a course for the outer
planets.

Will your spacecraft use a four-stage 1US?

Yes ( ) No ( )3 Maybe ( )



SELF-CONTAINED PROPULSION SYSTEM
Please check (/) the type(s) of self-
contained propulsion system(s) included in
your payload.

) None

) Perigee kick-solid

) Perigee kick-liquid

) Apogee kick-solid

) Apogee kick-liquid

) Orbit adjust

) Stationkeeping

) Other - Explain in "Notes"

e N A . . T i N i T e S

SATELLITE/SPACECRAFT SIZE

Please estimate below the envelope size of
your payload when it is stowed in the
Orbiter carge bay, mecluding any self-
contained propuision systems, but excluding
the SSUS, [US, or other STS-provided upper
stage(s) required.

Payload Diameter: m,
or ft
' 5
Payload LLengths m,
or ft

SATELLITE/SPACECRAFT WEIGHT

Please indicate below the launch weight
range for your satellite or spacecraft. Do
not include the SSUS, IUS, or other STS-
provided upper stage(s) if required, but do
include the weight of any self-contained
propulsion systems.

NOTES:

N

NS

D-4

<454 kg (1,000 ib)

454 kg to 2270 kg (5,000 Ib)

>2270 kg to 4540 kg (10,000 ib)

>4540 kg to 2080 kg (20,000 Ib)

>9080 kg to 13,620 kg (30,000 I1b)

>13,620kg to 18,160kga (40,000 [b)

>18,160kg to 22,700kg (50,0001b)

) >22,700kg to 27,240kg (60,000 |b)
{ ) >27,240 kg

Or, estimate weight, if possible:

ka, or b

()
()
¢-)
(2
()
()
()
(

PAYLOAD DEPLOYMENT

Payloads using the Interim Upper Stage
{lUS} will be deployed from the Orbiter's
cargo bay using the Remote Manipulator
System (RMS). Payloads using the Spinning
Solid Upper Stage (S5US) will be deployed
with spin/tilt tables.

Payloads which do not need an STS-
provided upper stage can be deployed by
the Orbiter's RMS, or by a special payload-
provided device.

The Orbiter provides one manipulator arm
capable of deploying payloads weighing up
to 29,484 kg (65,000 Ib). A second arm can
be added when needed.

If your payload does not use the [US or
SSUS ypper stages, please check (v') the
following, as appropriate.

( ) This payload will or might use a
payload-provided deployment de-
vice.

() This payload will or might use one
RMS arm for deployment.

( ) This payload will or might use two
RMS arms for depiloyment.



OPERATIONAL LIFE

The operational life of free-flying payloads
ranges from a few months for some scienti-
fic investigations to 7 years '¢r longer for
commercial commupications satellites,

Please check (¥) below the estimated
operationat life for your payload (i.e., the

time that it is expected o operate without

servicing or repair).

{ ) <6 months

( ) >6 to 28 months

( ) >24 to 60 months

{ ) >60 to 120 months

() >120 months ~ Explain in "Notes"
ON-ORBIT SERVICING

The Shuttle can provide routine servicing
or repair for satellites in low earth orbit.
Is on-orbit servicing planned for your pay-
load?

No( ) Maybe( )% Yes( ).

If on-orbit servicing is, or might be
required by vour payload, please check (v)
the estimated time between servicing
flights.

<12 months

>|2-24 months
>24-36 months
>36-60 months
Other: months.

()
()
()
()
()

If on-orbit servicing is, or might be requir-
ed by your payload, please check (7') below
the total time from satellite deployment to
decommissioning or to retrieval for refurn
to earth.

( ) £24 months

( ) >24 to 60 months

( ) >60 to 120 months

{ ) >120 months ~ Explain in "Notes"

PAYLOAD RETRIEVAL/REUSE

The Shuttle can be used to reirieve satel-
lites from low earth orbit and return them
to earth for refurbishment and reuse.

Is retrieval planned for your payload?
No{ ) Maybe( J); Yes( ).

If retrieval is, or might be planned, waould

the same payload be refurbished for

subsequent reflight?
No ( )3 Maybe ( ) Yes( ).

If your payload will, or might be retrieved

and refurbished for reflight, please check

(V) below the estimated number of times

the payload would be refurbished and
relaunched.

) Once

) Twice

) 3or 4 times

) 5 or more times

(
{
(
(



EXTRAVEHICULAR ACTIVITIES (EVA)

The Orbiter provides the systems and per-
sonnel needed fo perform manual tasks
outside the pressurized weork area. Nom-

= inal resources permit two, two-man EVA's,

1

each lasting six hours.

EVA can be used for resupply; replacement
of obsolete or malfunctioned parts; deploy-
ment, positioning, retraction of solar cell
panels and antennas; etc.

Please check (') as applicable:

( ) EVA is not needed for the normal
delivery of this payload.

( ) EVA is needed for the normal
delivery of this paylead.

( ) EVA is not needed for cn-orbit
servicing of this payload.

{ ) EVA s needed for on-orbit serv-
icing of this payload.

REMOTE MANIPULATOR SERVICING
The Orbiter provides one 15.24m (50 ft)

“long remote manipulator arm to perform

payload operafions outside the pressurized
work areq.

NOTES:

The arm includes g mechanical hand to
grasp and move equipment components. [n
the manual operating mode, the hand can
be positioned linearly to an accuracy of
+3.8 cm (+[.5 in), and rotationatly to within
0.5 deg. In the automatic mode, these
positioning accuracies are, respectively,
+5.1 em (+2.0 in) and 5.0 deg.

" With the arm fully extended, the-maximum
force exerted at the tip is 6.8 kg (15 ib).
At other arm positions relative o the
attach point, this force can grow to 23 kg
(50 ib).

There are also a light and a TV camera for
remote payload viewing. A second arm can
be added for payloads requiring servicing
with two arms.

Please check (V) as appropriate.

( )} Remote manipulator arms will not
be needed for normal payload
operations.

For normal payload operations:

( ) one arm may be needed.
{ ) one arm will be needed.
{ ) two arms may be needed.
{ ) two arms will be needed.



CREW TIME

The Orbiter can support a crew of three to
seven persons. [hree Orbiter crew mem-
bers will perform Orbiter functicns, as well
as extravehicular activities and operation
of the Remote Manipulator System.

Payload crew members can be flown to
perform specialized payload checkout and
deployment operations. Each paylead crew

member can devote about 8 to [0 hours per-

day to payload operations.

Remembering that paylead crew iime may
be needed for systems activation, checkout
and monitoring, please check (/) the esti-
mated payload crew time required to
deliver your payload.

) None

) £ 4 hours

} >4 to 8 hours

} > 8 to 24 hours

) >24 to 50 hours

)} > 50 hours - Explain in "Notes"

DATA MANAGEMENT

The Orbiter communications system pro-
vides means fo receive datfa from and issue
commands to the payload as well as trans-
mit data to and receive commands from
ground stafions for 53-70% of the orbital
mission.

QOrbiter to Ground:
Digital Data (50M bps)
Analog & TV ($4.2M Hz)
Voice

Ground to Orbiter:
Digital and Commeand ($2k bps)
Voice

QOrbiter to Payload
Digital and Command {$2k bps)
Voice

NOTES:

Payload to Orbiter (Pre-release):
Digital Data (50M bps)
Analog & TV (S4.2M Hz2)
Voice

Payload to Orbiter (Post-release):
Digital Data (516k bps)
Voice

Payloads can use- the Orbiter's general
purpose computer, li4-track analog (£2M
Hz)/digital (<IM bps) data recorder, and
display/keyboard units for data manage-
ment and on-board monitoring and confrol
of payload checkout and operations.

Are the standard Orbiter data management
capabilities sufficient to support the on-
orbit checkout and deployment/retrieval of
your payioad?

Yes ( ) Maybe ( ); No ( )~
Explain in "Notes"

Estimate data management requirements,
if possible:

Down Link:
Digital: No {( ); Maybe { ); Yes ( ).
Digital Rate: bps
Analog: No { ); Maybe ( ); Yes ( ).
Analog Bandwidth: Hz
Television: No{ )} Maybe( ); Yes( ).
Voice: No { ); Maybe { ); Yes ( ).

Up Link:
Digital: No ( ); Maybe { ); Yes{ )
Digital Rate: ) bps
Voice: No ( ); Maybe ( ); Yes ( ).

On-board
General Purpose Computer:
Ne( ); Maybe { )% Yes{ ).

Dis;‘)Iay/ Keyboard Unit:
No ( ) Maybe ( ) Yes( )

Other - Explain in "Notes"



PAYLOAD CONTROL

Payload checkout and monitoring opera-
tions can be controlled on-board, or by
digital commands issued from the ground.
While on-board control can be continuous,
ground control will be disrupted for periods
of up to |0 mintes every 25 to 40 minutes
because of communications blockages.

Please check (v') as applicable.

( )} Payload does not require any
control.

{ ) Payload checkout and deployment
requires only "on/off" commands.

( ) Payload checkout and deployment
requires real-time active control
(closed loop).
If real-time active control is required,
there are several methods by which it can
be accaomplished.
Please check (¥) the applicable methed(s).
( ) By on-board crew

( ) By on-board computer

( ) By digital command from ground.

NOTES:

D-8

COMMUNICATION COVERAGE

Communications contacts between the
Shuttle and ground control stations (viarthe
Tracking and Data Relay Satellite System)
are dictated by orbit paramerers and vehi-
cle attitude. Real-time communications
will be possible for 55-70% of the fime.

Some payloads may need reai-time com-
munication on a random schedule. That is,
the events that bring on communications
are unpredictable.

Some payloads may need redl-time com-
munication on a fixed schedule; that is, atf
fixed times into the mission or at fixed (or
known) orbital positions.

Some payloads may need real-time com-
munication on a flexible schedule. That is,
convenient times for communications can
be chosen before or during the mission.

For normal operation of this payload, real-
time communication with the ground:

( ) is not needed.
{ ) is or may be needed on a flexible

schedule.

{ )} is or may be needed on q fixed
schedule.

( ) is or may be needed on a random
schedule.

( ) Other - Explain in-"Notes" "



FLIGHT SCHEDULING

Some payloads may require a Space Shuttle -

launch schedule timed to expose the pay-
load to specific events, environments, or
phenomena.

Please check (v) the launch scheduling
factors which must be considered for your
payload.

) Seasons of the year

} Ground target illumination

} Solar activity

) Phase of the moon or planets

} Celestial target viewing

) Rendezvous requirements

) Other - Explain in "Notes"

} None known
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PAYLOAD REPLACEMENT
Do you plan to replace this payload at the
end of its operational life or upon decom-
missioning with another similar or identical
(but not the same) payload?

No ( ); Maybe{ ); Yes( ).

If you answered "yes" or "maybe’, how
many times will, or might, the payload be
replaced (not including the initial flight)?

()
()
( ) 3times

( ) More - Explain in "Notes"

( )} Unknown

If you answered "yes" or "maybe", are the
answers given to the questions in pages D-2
through D-8 typical for the replacement
payloads?

Yes ( ); No ( ) Maybe ( )

NOTES:

~
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PAYLOAD AVAILABILITY

- Please indicate below the development

status of your payload,

L

( ) Development has not yet begun.
( ) Development is underway.

( ) Development 1scomplete and

hardware is available now.

If development has not yet begun, please
check (¥) your best estimate of the time
required tfo design, construct, test and
deliver your payload, starting from
program approval date.

{ ) Less than one year.

( ) One to 2 years.

{ ) Two to 3 years.

( ) Three to 5 years.

( ) More than 5 years,
If development 1sunderway, please enter
below the earliest date when your payload
could be _delivered for integration into the

Shuttle.

Delivery Date:
Month

Year



E. SUPPLEMENTARY INFORMATION

This section is provided for you to add
information that is important for a better
understanding of your payload element.

Please check (V) the type of supplementary
information you have attached to this ques-
tionnaire. -

)} Sketches, drawings, photographs
) Payload data sheets
) Block diagrams or flow charts
) Reference documents or reports
) List of reference documents
) List/description of mission or
accommodation requirements that
cannot be compromised
( ) Target list for earth or celestial
cbservations
( ) Description of observational times
for earth cbservations
( ) Other descriptive information Is
provided on pege E-2
( ) No supplementary information is
furnished at this time.

Loome T am T o W o W T

Page E-2 provides space for any explanatory
Tfext you care fo add.

Thank you.

E-1



Please use the space below, and additional sheets if necessary, to add any information that
you feel is Important to defining the mission, spacecraft or cther accommodations or
environments required by your payload element.

E-2
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I. INTRODUCTION AND SUMMARY

In order for NASA to achieve effective long range payload and
mission planning, there exists a need for a mechanism to collect payload
planning information. To accomplish this objective, an easy to complete
set of payload information sheets have been developed. The questionnaire
which has been developed is completely seif-contained and provides all the
necessary instructions, choices and/or space for the appropriate re-
sponse(s). Two questionnaires were developed; the first for instruments
Jexperiments which do not directly interface with the Shuttle, and the

.second for Shuttle payload elements. In the development of the payload
planning questionnaires, the following criteria were considered: NASA Head-
quarters and Field Centers needs for program planning and management; the
capabilities for providing information on the part of those who will fur-
nish it (potential principal investigators, spacecraft designers., sponsor-
ing centers, and NASA Headquarters sponsoring offices); and the capability
to incorporate the data provided into a useful payload planning data bank.

In order to achieve these objectives ORI has performed an evalua-
tion of the initial questionnaire by soliciting comments from the Office of
Space Science {08S), Office of Aeronautics and Space Technology (OAST) and
the Office of Space and Terrestrial Applications (0STA). In addition, ORI



has also evaluated and recommended changes in the gquesticnnaire before
its initial use (Ref. 1). Subsequent to the final revisions of the
questionnaire, ORI pérformed'a field test, which involved the distrib-
ution of the instrument/experiment questionnaires to potential princi-
pal investigators in OSTA, OAST and 0SS. The compieted questionnaires
were then evaluated by a series of ORI developed criteria which is ex-
plained in detail below. The results of this field test evaluation

were then corroborated by follow-up telephone conversations with several
of the principal investigators. The conclusions reached by these analyses
indicate that: the questionnaire appears to be readily understandable;
easy to fi11 outs and in general the responses provided are -accurate and
compiete. In short the instrument/experiment questionnaire appears to be
right on target.

1. Letter from Dr. J. Levy ORI To Mr. J. D. Peterson GDC. 15 Nov. 1977.
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1. STUDY APPROACH AND RESULTS

2.1 EVALUATION CRITERIA

In order to adequately evaluate the responses to the question-
niares, a set of six criteria were developed by ORI. These criteria ad-
dressed the various types of questions in the questicnnaire, as well as
the content of the replies.

~ Lead/Author Page The lead page of each respondents gquestionnaire was
checked for completeness and interpretation of the information requested.

Open-Ended Questions  Five questions, {on pages B-1, €-5, C-9, C-13,
C-16) were of the "open ended" type, that is, the respondent was given the
opportunity to write as 1ittle or as much as required %o adequataly answer
the query. Since these questions allowed some degree of freedom, they
were analysed according fo the following three criteria:

1. Typewritten/handwritten (legibility)

2. Frequency and length of response

3. Content analysis

The first criterion (Type/handwritten) is clearly self-explana-
tory. The second criterion indicates which open ended questions were




answered, how Trequentiy, and with what length. An analysis of the content
of each open ended reply was also made so as to check if the respondent
understood the query and/or if any future modification should be made.

Marginal Comments In addition to analysing the open-ended questions,
ORI checked each questionnaire to determine if the respondent felt the

need to add any marginal comments. The use of marginal comments by a
respondent may indicate Tack of understanding of a particular query or the
belief that additional information in his response is required, The mar-
ginal comments in each response were noted and checked for content, that is
do they indicate a Tack of understanding of a query, or do they indicate
the need for revised or additional answer selections.

Notes Section At the bottom of each page in the questionnaire & section
for additional notes was provided. These spaces allowed the respondents to
ampiify, where he felt necessary a particular answer. It also provided a
chance for the respondent to make comments relating to a particuiar ques-
tion.

Query Analysis ORI also checked each questionnaire for any questions
'which the respondent did not answer. In addition, for those questions

__answered, checks were made for negative/positive bias in choice selection;
éddea answer choices (may indicate a need for new/revised queries), and
the number of "maybe" answers (could indicate a Tack of effort or under-
standing of the query).

Supplementary Information Section The supplementary information section
{Section E) provides the respondent with an opportunity for an essentially
open ended response, both in length and subject chosen. Detailed answers
here on subjects not covered in the questionnaire could indicate potential
oversights in the content of the queries. This section was checked for
type or handwritten responses, frequency and length of responses and an
interpretation of the query (additional needs, understanding etc.).




In addition to analysing the questionnaires according to the
above criteria, ORI conducted a brief follow-up telephone interview with
each of the responding individuals. The purpose of this follow-up pro-
caedure was to get feedback from the respondent on the design, organization
and content of the questionnaire. Questions were asked concerning gen-
eral impression, organization, content and the perceived value and intent
of the questionnaire. In addition, the respondents were asked how long it
took to complete the form, and wouldthey Tike to see semi-annual revisions.
The respondents were also asked for any criticisms or modifications they
would iike to see incorporated.
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II1 CONCLUSIONS AND RECOMMEMDATIONS

The results of the field test of the questionnaires was over-
whelmingly favorable. This is indicated both in the analysis of the writ-
ten responses and corroborated by discussions during the follow-up tele-
phone interviews. In summary, we conclude that the questionnaires were:

o Well received

¢ Accurately filled out
o Rapidiy filled out and
2

Worth while to both the Principal Investigators
surveyed and to NASA planners.

An analysis of each questionnaire was performed according to
criteria explained in Section II. These results are summarized in Table I.
The Tead/author page was generally accurately filled out although several
of the respondents omitted the date, and discipline. One respondent did
not 111 in the status of his experiment and one did not know who the NASA
Headquarters responsible individual was. The open ended questions on pages
B1, C5, C9, C13, and C16 were fairly uniformly answered. All respondents an-
swered the questions on page B1 ¢Experiment TitTe; Experiment Objectives,
Experiment Description) completely and with fairly long responses. In a
follow-up telephone intarview, one respondent said he would like to see
more space provided for these answers. The open-ended question on page C-5

3~1



TABLE 1
SUMMARY OF QUESTIONNAIRE

RESPONDLIT 1

I

*

{ EAD/AUTHOR PAGE

1 HNo, of Items undnswered 1
2. Ttem(s) Omitted Date
OPEN ENDED QUESTIONS (B1, €5, C9, C13, Cl16)

}  TypefHandwritten (Legible?) .
2. Froquency & Length of Response(81, €5, €9, €13, €16}
3 Conlent Avalysis (Understanding, etc.i

itand-Legible
(Lﬂngu Ty T "» 'n)
Good

HARGIRAL COMMENTS

1. HNurber
2 Related Query
3 Content Analysis

5
cy, €2, €3, ca, £

HOTLS SECTION
1

1 Humher
?  Related Query (o3
3 Content Analysis frief, Relevant

QUERY AMALYSIS

1. Hunber Unanswes ed Q
2 Added Chofces (Question No.) c1, c2, €3
3. Hegative/Positive Dias Hone
4. Humber of "Maybes" 6

SUPPLENCHTARY INFO. (SEC. E}

1. Type/handwritten Hland-Legible
2 Frequency & Length of Response 1
3 Content Analysis Explanatory
liespondent indicated material included
! 1 ’ 3 ’.2 a

but not forwarded to ORI

Brief, Explanatory Material feally a Footnote

FIELD TEST

OFFICE OF AERONAUTICS AND SPACE TECHNQLOSY
(0AST)

I1 B 33

2
- Date, Discipline

Hand-Legitsle

2
Data, Discipline

Typed

Typed
{Leng, -, -, =& =} (Very Long, -, Short, -, -} (Med., -4-4-ms)
Good Gaod

1 1
ci2 C4
Brief Note

2 1
12, Cl4 A ]1]
Brief Footnotes

1} 0
0 0
tone Hone
3
Hone*

Ha.nd-i.clagible

- Explanatory

Good

4
02, €3, £5(2)
Indicate Query Irrelevant
to s Experinent

2
€z, (8

Brief, Explanatory Medium, Explanatory

00 ¥00d 50
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TABLE I
SUMMARY OF QUESTIONNAIRE FIELD TEST

(Continued)
OFFICE OF SPACE AND TERRESTRIAL APPLECATIONS OFFICE OF SPALF SCIENCE
{0sTA} (055}
RESPONDENT ] I 111 ]
A, LEAD/AUTHOR PAGE
1 Mo of Items unanswered 3 ] 0
2. Ttem(s) Oﬁl!tted Uatg. Discipline, MNASA g lndividual - .
Status
B OPEN ENDED QUESTIONS (D1, €5, €9, £13, CI6)
1 Type/Standwritten (tegible?} Hand-Legible Typed lNand-Legible  {)and-Legible (Ilany Abbreviations)
2. frequency & Length of Response(Bl, C5, C9, C13, C16) (Med | =,=4=s") {Bed , ~,-, tled.,=)  (Long, -,=\=,-) {Long,-,- ,~,=}
3 Content Analysis (Undarstanding, etc.) Fair Gocd Good Gioad
C. MARGIMAL COMMCNTS
1. Humber H 0 0 4
2, Related Query B3 == - ch, €6, 7, Cl4
1 Content Analysis Does Hot Understand “ - Explanatory Materiat
“Autonomous”
D. HOTES SECTION
1  Number - 4 3 0 1
2. Related Query ca, €10 €., C1C, M - Cy, cz, €4, €&, €10, I
3 Content Analysis Very Briaf Brief, Explanatory - Medium leagth, Explanatory
E  QUERY AMALYSIS
1. tlunber Unanswesed 0 3 0 |
2. Added Choices {Question Mo, )} 0 4 i} ¢15
3, HNegative/Positive Blas itone Nm;e None flone
4, thsber of *Haybes" 3 3 h 2
F. SUPPLEHEMTARY INFO (SEC. E) )
1. Type/handitten Hone tone Hone tione r
2 Frequency & Length of Response -~ -- n --
3. Content Analysis - -- - -- o
o
O
e
F )
E
*  fespondent jndicated material included, e
but not forwarded to ORI 3-2b :j
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concerning pointing accuracy and stability requirements was never answered,
and only one respondent filled in'a portion of the questions on page C-9 con-
cerning target viewing repetition rate. .Only one respondent filled in the
envelope drawing on page C-132 None of the.-respondents provided additional
information concerning flight requirements on page C-16. In general, open
ended questions were answered only when they were relevant to a particular
experiment.

The notes section on each page of the questionnaire also provided
respondents with an opportunity to amplify their responses. In general
these sections were only used two or three times and most often they were
used with questions on pages C-8 (acceleration jevel and ambient pressure),
and C-10 (day-night cycle and flight scheduling). These notes tended for
the most part, to be brief explanatory material. In only one questionnaire
was the note very long, and in this case (0SS.Pages C-1 and C-2) it was
used to further define the goals and objectives of the experiment. This
was also the respondent who, in the follow-up telephone interview requested
additional space on page B-1 to define the objectives of his instrument.

Fach questionnaive was also checked for marginal comments which
might indicate a need for additional or modified answer selections, or a
Tack of understanding of the question. Marginal comments were usually very
few. Five respondents had one or none, and the remaining respondents had
four or five. Usually these marginal comments served as footnotes. In
one case (OSTA I) the respondent was unsure of the term " autonomous”,
and so indicated in the margin. It is also interesting to note here that
one respondent was using the questionnaire to describe an entire facility,
and he crossed out the word "experiment" throughout his questionnaire and
replaced it with the word "facility".

In the analysis of the actual questions answerad, most respondents
answered all, and the others omitted no more than three. One respondent sug-
gested that either the experiment control time (page C-1), data management time



(page C-2) and real-time communications coverage time (page C-3) selections
be made equal, or that the respondent be afforded space to fi1l in his own.
The only‘other added choice was on page C-15 (0SS respondent) concerning
experiment availability. This respondent suggested one more category be
added: "development complete, engineering for Shuttle necessary". The
number of times a respondent selected “maybe" as a choice was also tab-
ulated, and varied from 2 to 8 times. In none of the cases did this appear
to indicate either a Tack of effort or understanding.

The final portion of the brochure which was checked was Section E,
Supplementary Information. In general this section was 1ittle used. Two
respondents included hand-written explanatory notes while four indicated
no information was provided. In two cases (OAST'f & I11) there was an in-
dication that supplementary information was attached, but this information
was not forwarded to ORI.

In the analysis of the questionnaires, our discussions with NASA
Program Offices, and the follow-up conversations with the respondents, we
believe that some changes should be made.

The first is that the cover of the questionnaire should read
“To Be Used for Planning Purposes Only", and that in Séction A it should
be clearly indicatad that filling out a questionnaire neither guarantees
funding or space on a Shuttle flight. In addition, since the person who
is mailed the brochure is not necessarily the principal investigator or
the person who actually fills it out, another item should be added to the
lead/author page allowing the respondent, if he is not the principal in-
vestigator to add his name, address and phone number. In the follow-up
telephone interviews it was determined that at least half the time the )
questionnaire was passed along to someone other than it was mailed to.
In one case it was sent to a contractor to i1l out. Section 4 of the
lead/author page "NASA Headquarters Responsible Individual" should be
deTeted.” For experiments-in the early planning stages this individual



might not be known. Page B-1 which contains aquestions concerning experiment
objectives and descriptions should have the sampie responses moved to after
the space provided in the answers.

The question on page £-4 concerning the need for instrument orient-
ation is often misunderstood. Many respondents indicate that they require
no instrument pointing, but then continue on and fi11 out ihe remaining ques-
tions in this section. It is recommended that the branch from‘page C-4 to
page C-1 (if no instrument pointing is required) be made more distinct.

The questions on page C-6 concerning "Contamination Sensitivity" and
"Contamination Generation" can be shortened extensively by simply listing the
types of possible contamination (particulate, gaseous, radioactive, etc.)
and Tetting the respondent select those applicable. There are several ques-
tions scattered throughout the brochure which refer to particular Shuttle/
Spacelab options, such as the Remote Manipulator Systems (RMS), a high qual-
ity optical window, need for EVA and so forth. It is recommended that these
be combined in one area under Shuttle/Spacelab options. One final. recommend-
ation is that the question concerning radiation (C-7) is much too detailed,
and should be either shortened or compietely eliminated.

ORI conducted follow-up telephone interviews with each of the
respondents to assess their overall impression of the questionnaire. The
respondents indicated that the questionnaire required approximately two hours
to complete. The respondents felt that the questionnaire was reasonable,
well thought out, and summarized in one place many of the items thaﬁ they
neaeded to consider in designing their experiments. It was felt that thé
questionnaire was one of the easiest to fill out of this type, and that it
was definitely a worth-while endeavor, and should be continued with some
sort of brief summary feedback to the respondents to Tet them see what other
missions were being'proposed. )
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