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DISCLAIMER

The views and conclusions expressed in this
document are those of the author. They are
not intended and should not be thought to
represent official ideas, attitudes, or
policies of any agency of the United States
Government., The author has not had special
access to official information or ideas and
has employed only open-source material
available to any writer on this subject.

This document is the property of the United
States Government., It is available for
distribution to the general public. A loan
copy of the document may be obtained from the
Air University Interlibrary Loan Service

(AUL/LDEX, Maxwell AFB, Alabama, 36112) or the

Defense Technical Information Center. Request
must include the author's name and complete
title of the study.

This document may be reproduced for use in
other research reports or educational pursuits
contingent upon the following stipulations:

-~ Reproduction rights do not extend to
any copyrighted material that may be contained
in the research report.

-~ All reproduced copies must contain the
following credit line: ™"Reprint2d by
permission of the Air Command and Staff
College."

-~ All reproduced copies must contain the
name(s) of the report's author(s).

-~ If format modification is necessary to
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(author) M
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The purpose of this Study 15 to determine the necessary equipment -
X procurement actions and procadural changes needed to ensure the DOD A
; sPace~based research and development program needs are met. It was 0
d dona at the request of tha U0D Space Transportation Systam Program e
S Oftice due to their concern over the growing problems in getting UCD R
} RSD payloads onto the shuttle. The study approaches the problem trom a
management rather than technical standpoint. This is dus to the ‘
perception that the major difficulty is getting access to the STS and .!ﬁ
: related support equipment rather than a daficiency on the part ot ot
. axisting experiment support structures. The intent of this study is to e
. provida a framework for procurement actions by the STS Program Oftice. N
. !,:.
Ona of the difficulties faced in conducting the study 1s that much ,,‘
of the information partinent to the swject is undocumantad. The STS s
15 a relatively new systam and many of the procedures, especially N
adninistrative, changa a8 exparience 1s gained. Unfortunately, the o
1 documentation lags behind the changes. Tha author, howaver, was the TR
. DD representative on the National Aaronautics and Space RIS
- Administration's Flight Assigrment Working Group for two years and was [
' present at many maetings where these procedures were discussaed, Much .~
of tha material used in this report was learned in these meetings. R
Howaver, to ensure accuracy, data for which no documentation exists was {y
varified through individuals currently working in the STS Program RO
Ottice. Thesa individuals are citad in tha report. NN
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Part of our College mission is distribution of the ‘ ;:Z-::
students’ problem solving products to DoD o)
sponsors and other interested agencies to
enhance insight into contemporary, defense
related issues. While the College has accepted this
product as meeting academic requirements for
graduation, the views and opinions expressed or
implied are solely those of the author and should
not be construed as carrying official sanction.
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[. Pumpcse: To develoe a procurement strategy for one or more experiment ”

suprort structures o ensure the legitimate needs ot the COD RAD communi®, s

are .'l'iét. ‘_v'.’g

A%

I1. Problem: The DD seace-based ReD mroaram is arowing. eseecizlls with +
advent of the Strategic Deferse Initiative. However. *he Scace

i

Tranzeoriation System (STS). which flies many of the RAD pavloads, iz rot e
able 0 supeort all the tratfic. Consequently, the DOD is irterssted ir S
urchasing additionsl supsort sauiement o hele alleviate the zFors+fall ir
e STS system. Pl
III. Da*a: Tre supeort available to R&D pavlcads hae arown with the STS
iteel?t, Today there are 29 or more exeeriment surpor+t structures availabls,
Trese structures provide the majority of *he sureort to DOD epavloads, The
00 is seorsoring 3 wide variety of experiments. ard will eprohably zontirue ST
to do s0. slthough the nature of the experimerts will most likely change. "'“
The change, associated with the Strategic Detense Initiative, will mrobably =
be toward ircressing comelexity ard size. The MNaticnal Aeronautics and Sesce :-Z-:'-:
Administration has develoced an infrastructurs to supsort the RAD commurity,
Asscciated with the supeort are 3 manifesting system with two sepzrate ;:I‘Z{
epriority systems — ore for erimary pavloads ard ore for secorndary £avlcads, ol
In addition they have devslcmed zr intearation syvstem which favors “""
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simelicity, and a set of in-house sxperiment supeort structures cetimized for
simplicity. The 0D has also develored an organizational structure @
support RaD payloacs, The Space Test Program and the STS Program Cffice botr
rave resporsibilities to orovide gereric eauirpment., experiment and mayload
intsaration., and manitesting surport. Overall, there iz an sxterszive suerort
structurs available *o the 0D researcher. However, the infrastructurs iz =zs
much 3 problam az anything 21se.

1", Conclusicns: The major impediment to 00D space—based RID 1= the MASA
manifesting and integration systems. The strategy to erocure sny structu
must take thiszs into accourt, In addition. the DD must implement arn over
priority systam to snsurs efforts to get DOD RAD sxperiments into seace a
aperopriately dirscted,

). Recommendatiorn: The 0D shculd purchase a zarrier tlexible enough 0
satiz?y a wide variety of sxisting sxperiments and the increasing comelexity
expected in the futurs, In addition. the DOD should sureort existing MASA
programs *0 ensure adeaquate rescurces are available for OO reeds, Firmzlls
#e 00 should implement an overall eriority system,
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Chapter One

INTRODUCTION

Aftar 22 tliahts (as of 1S November 1983) the United States’ Space
Transportation System (STS) has proven 0 be 3 workhorse in reqards to
it ability to support basic research snd development (RAD:
experimentation. Over the course of these flights hundreds of
experiments zureQrting basic and apelied research and develoement have
been conducted, including 76 zeparate exeeriments on missicn STS £i-A
(3:124). A review 0f the National Aeronautics and Seace
Administration’s (MASA) STS manifest reveals that the future will rhold
tc the same course. For example. NAZA scheduled 368 R&L tyre
experiments, mos*tly small payloads, on the four tlignts following STS
Bi-A (9:6)., They have scheduled coeortunities for small experiments on
20 of the 46 missions to be tlown between November 1983 and July 1952
(9:—). However, the number flown so far lags far behind the demard.
Trere is a3 tremendous backlog of RAD experiments cue t0 the numerous
delays incurred by the shuttle system since it became oserational in
1983 (25:—). As a major sponsor of RAD rpavloads, the DD is concemed
over this aspect of the program (23:—). One suogested way of
alleviating the ercblem within the DOC is t0 increase the CCD irventory
of experiment support equipment to ensure sufticient assets are
available tor critical research. This study addresses this issus,

Trere are two ways t0 aperoach the auestion., Ore iz from 3 ourely
technical standeoint., That is. the experiment reauirements are
characterized and compared to the capabilities ot the existing
experiment support structures., The structure., oOr structures, kest
meeting the requirementz of the sxperiments would be purchased, If n
stricture met the rieeds, modifications would be recommended. This was
tre initial aperoach taken in this study. Howsver, it was fourd curina
the initial stases 0! this study that simply meeting the needz of the
experiments by eurchasing sauipment was not the scluticn, The
sxperiment/experiment supecrt structure combiration would =izt within
the OO0, bu* it couldn't get on the shuttle, The problsm apezarsd nocs
management in rnaturs., and that is the fccus of this paper,

0

B

The Seace Trarnseortation Svetem iz very yourng, As it 3rew,
scuipment, procedures. and bureaucracy arew with it, The eauirment
generally met the needs of the spracefliaht community. tut the
srocecdures and bureaucracy have often worked asainst some customers,
The RAD community is one ot these (25:—). Thiz study reviaws the
needs. squipmert, orocedures, and bureaucraCy in terms of its sffect on
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the 0D R&D community. Tre rPurpcse is to develop a srocurement ':E\
strategy to ensure the legitimate reeds of the DOD research community ;‘;}"

are met by attackirg the manaserent issues impeding the tlight of OOD
RAD payloads, Trhe strateqy includes both equipment purchase and
procedural change, as both are neceszary,
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The study is constrained in two ways., First, only existirg
experiment support structures are considered. This is mainly because
the sponsor asked that only existing equipment be considered, but zlso
because the Air Staf?! dirsction provided to the DD susport
organizations can be interpreted as constraining the procurement o
only existing equipment., The zecond study comstraint is that this
study is a toe lavel lock at the system. The program associated with
support to the R&D community is extremely complex. This study focuses
orly on the management asrect. The conclusions ard recommendatiors
come from this perspective,. Should the study be aperpached from a
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purely technical standeoint, the recommendation for a specitic carrier v
. might difter but the overall strategy for procurement. the main 2ozl of W
X this study, would still be valid. N

{N

To fully cover this issue, Chepter Two surveys the existing
experirent supoort structure inventory and reviews the current
expariment listing in terms of utilization of these structurss.
Chapter Three loocks at the way in which NASA supeorts (and hinders)
these payloads through marifssting, integration. ard in-house marag
structures., Chaster Four cutlines the supeort and erocedures used by

REREAEAEN .'_.;‘
St
AN ]

e two 0D organizations eroviding launch supsort to the R&D Y

community. Chapter Five covers the findinrgs, conclusicris, and .

recommendations, e

. P

X In summary, this study focuses on the reeds of the DOD RAD e

. community in relation to access to the STS. The increasing importarce ;;-;2
o1 s;Pace in the natiocnal security arena (14::x1) makes it imeerative 2

that the appropriate assets be in elace. However, the oroblem is ror2 g

maragement than technical. and the central focus is to suocest z S

stratagy t0 overcome the management problams. The first st=p is to A0

iock at the structures and experiments o provide a backaround for the ‘,:-j.:

discussion, o
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Charter Two

EXPERIMENT SUFPORT STRUCTURES AND EXPERIMENT RELVIREMENTS

As the STS demonstrated an increasing capsbility €0 suprort RO
sxperimentation. both experimental requirements and rescurces available
to satisfy those reauirements grew. The result is a vast array of
experiments and an impressive inventory ot =2xperiment support
structures, In 1981. there were less than 49 experiments (22:3)
requesting spaceflidnt support. Today the number sxceeds 109 (23:—).
During the zame period the number ot susport structures dedicated to
RAD incressed to 20, with more under development (2:82: 4:73)., (It
should be noted the DD does have two experiment support structures.
However, these are dedicated to programs having long term commitments.
and when available again would not meet all the needs of the DD, For
that reason they are not included in this study (23:=~).) In this
chapter Both the existing experiment suseort structure inventory and
the 0D payload reauirements are reviewed, As stated in the
introduction. this is not meant to be a technical discussicn. Father,
the purpose of thizs review is to demonstrate the breadth of the rmeed.
and the variety of capability éxisting to meet that need. #As will be
seen, the majority of DOD RAD experiments are already scheduled to £1v
on a Particular structure. Consequently. the experiment supeort
structures will be reviewed tirst i{n order to provide a backaround for
the subseauent experiment review.

EXPERIMENT SUPPCRT STRUCTURES

To meet the Qrowing needs of researChers, the number and ariety
2t shuttle experiment support structures increased as the STS became
oeeraticral, These structures (alsc called carriers) erovide z wids
rarge of sersices. from simple mechanical interfaces to free~flving.
pointirg and tracking cagabilities. For the DD this means ar
sxtersive carability exists to support the needs of its REC commurity,
In *his zection the current experiment supeort structure inventory iz
reviewed, To facilitate this review. the terms used in the
descriptions arnd discussion are tirst defired. Then the general
characteristics of four categories ot carriers are reviewed, and
advantages/dizadvantages of each discussed., Trhese categories were
develoeed for this paper based on a review of the characteristics of
the various carriers. All the carriers reviewed ir this chamter either
currerntly exizt, or are expected %0 be available in the near-term (2~5
yoars) from 2ither MNASA or commercial sources (3:75: 12—, In both

-
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o
*



‘]r,f"-v‘t‘_r‘r\v_r_ (AR M S B o i e SRS SO AR S B A

cases the source usually provides both the carrier and intearation
support (21:—), Integration iz the mounting of the experiment on the
carrier and the carrier into the shuttle., (The carrier/experiment
combiration is typically called a mayload.) However. the carrier can
be purchased cutright, and the integration services contracted
separately 21:—). With this in mind. the detinitions relating to the
review are offered.

Side-wall mounted structures: experiment surport structures mounted
along the uprer side-wall of the orbiter payload bay.

Across-the-bav structures: carriers attached to each side of the
payload bay and, usually, at the base ‘keel) of the bay.

Keel mounted structures: carriers mounted only at the base (keel) of
the orbiter payload bay.

Full-pay structures (also known as pallet structures): structures
lining the payload bay. allowing use ot the ftull volume of the bav.

Mid—deck lcckers: Lockers situated in the mid- and att-cdeck of the
craw comearitment.

Mass capacity: the total rayload weight 3 given carrier may supeort.

Experiment mounting area: the mounting surtace or volume available for
2xreriments.

Carrier masg: +he empty weight of sach carrier.

Passive thermal control: temperature maintenance using thermal control
surtaces and/or blanket insulation.

Active thermal contrgol: temeerature maintenance using fluid coolirg
systems involving tluid locps. valves, and pumps (1:Ch 3).

Tre remaining terms used in the descriptions and discussion are
zalfi-explanatory. Given these terms the discussion on the four carrier
classes follows.

Pzssive carriers: These are support structures eroviding only
exreriment mournting suprort and mechanical interface with the orbiter.
Trere are eight carriers meeting this description in the current
inventory (see Table 1), (The tables used in this chapter were
develored using data from sources cited in the text.) These carriers
provide the minimum standard services, That is. they do not have
plarned “pre—wired” connecticrns to any orbiter-provided service

(electrical., thermal, data), nor do they provide the service through

o carrier support eauipment., However, at experimenter recquest fand

;Z-j zost). these services can be provided (1:Ch 5 19:——), This iz the ke:
E 0 the {flexibility inkerent in these carriers. A sinale carrier can be
W
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Bk S e Staciie b ue ke B8 bl

E . | Mass | Mounting | Carrter | Location |  Source
1 Carrier | Capacity | Area | Mass | |
‘ . I abs) | Gm | bs) | |
| 1. Adaptive 300 14 x 36 19 Side~wall Commercial
Payload o
Carrier L
CAPC) -
; :?gi
2. GAS =) 24x3 175  Sidewall  NASA R
Adzpter ]
3. Bridge 1020 24 x 40 150 Side~wall Commarcial {;i:‘;‘:';
wam ».'-_-:'J
Carrier RO
_.'._\:
Y
4. Extended 122 24 x 43 76 Side~wall Commercial m
APC :};'.;-3
5. Delta Keel 2000 24x40 150  Bay kesl Commercial S
Payload Eﬁ
Carrier
i . 6. Capacity of 273 81 sq.ft. B850 Acrose- Commercial
. | Opportunt ty the-bay
| Truss
7. Davelopmental 7500 199 x 132 2208 Across— NASA
Flight the-bay
Instrument
Carrier
8. Mission 5% % %] 189 x 49 1290 Acrose- Commercial
Peculiar x 28 the-bay N
Support ol
Structure E
2N
N
.-.\.f:,
Table 1: Passive Expariment Support Structure Characteristics. ";i\
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used on one mission to simely mount an sxperiment with rno services
provided, On the next, the same carrier can be used 40 tie into the
orbiter 1o provide a more comelex exreriment the full range of orbiter
supeort — uwhich is wuite sxtensive (1:Ch 3. This flexibility is
important to the auestion raised in this study. However, the
tlexibility comes at a3 cost, The ericing eolicy of NASA is explaired
in more detail in 2 later section. Yet it should be understcod that
anything MNASA considers non-standard must be funded by the customer
(25:—), Also, as shown in a later chapter, the addition of the
non-standard zervices increases the total integration time. Tre bottom
line is these carriers have inherent flexibility, but at a price. With
this in mind, specitics on some of the carriers are presented rext.

The Adaptive Payload Carrier (APC), the Get-Away-Seeciazl (GAZS - am
active carrier) Adzpter Beam, the Bridee Fayload Carrier and Extended
Adaptive Pavload Carrier are similar side—wall structures, all
currently available. The GAS Adapter Beam and the Bridoe Paylozd
Carrier were originally designed 0 support GAS parylcads, + can
supPort other small payloads (19:—).

The Delta Keel Payload Carrier is the single structure attached
only to the keel of the orbiter bay., It is currently available. and
can be used in conjunction with the other passive carriers 4o zlicw
full use of e volume of the bay (19:—).

The Capacity of Deportunity Payload Experiment Truss (COFE) and
the Development Flight Instrumentaticon Carrier (CFI) are both MNASA
carriers. The COPE structure has been certitied. but not manufactured.
One DFI structure is available, tut is not commonly used (9i=—: (9i—1,

The final structure in this class, the Mission Peculiar Exuipment
Supecrt Structure (MPESS), (s perhars the most used exreriment sueoort
structure, 1t has flown on numercus cccasions for a wide variety of
experiments and varicus spcnsors (S:—), This is a reflection of its
flexibility, In addition, because 1t has flown =20 much., it iz familiar
to MASA and cotentially could have a shorter intearation scheculs thar
an unfamiliar carrier. Several are currertly svailable (19:-——: 21—,

Active carriers: These are supeort structures providing experiment
mounting supeort, a mechanical interface with the orbiter. and scme
level cf electrical, thermal, and/or data (Command, control, telemetr)
support to the experimert, These carriers range from those srovidira
pre—specitied lavels of support, to those with a standard shuttlis
intertface providing the maximum supeort available from the orbiter fsee
Table 2). Some ot the carriers provide limited services trem
carrier-provided support eauirment., Others orovide limited shuttle
intertaces, while the remaining erovide tull orbiter services through 3
set of standard intertaces. WHowever. the experiment cannot request
unique intertaces with the orbiter (8:Ch 2)., The ad/antage in all
cazes {s that the structures have standard interfaces with e
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Carrier | Mass | Mounting | Pover | Data | Thermal | Carrier | Location | Source fﬁ\;ﬁ:
ICapactty|  Ared | | Control | Miss | | §f»_&f~
1 tibs) | Um) ] (ibs) | { (.;g‘;,
»‘.‘"y(
1. Mid-deck 60 2 cu.ft. Yes No fctive Neds Crev NASA
Locker gibin
2. Get-fay- 200 Jeuft.  No Yes No 380 Side-vall MRS
Special (on-of f
only)
3. Hitchhiker A 1208 8! sa.ft. Yes Yes Rctive 1288 Across-the  NASA
bay
4, Hitchhiker G 90 68 298 Yes Yos No 198 Side-vall  NASA
3. Orbital Fiight 2309 180 x 98 Yes Yes fictive 7308  Across-the MNASA
Test Pallet bay
6. Spacelad 7008 332 sq.ft. Yes Yes Active 3300 Full-bay NRSA
Table 2: Active Experiment Supmort Structure Characteristics.
7
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orbiter. and standard documentation and procedurss (25:—i. The later
discussion on integration cvcles will show the imeortance ot this.

0f course, the dizadvantage of this class of carriers is the
mirror image of the advantage — the pre-specitied servicees are
limiting, In some cases it is the level of service. In cthers
$lexibility is lost cdue to standard shuttle interfaces. However, there
is great variety in this class, as the following review indicates.

The mid~deck lockers are the only carrier located in the crew
compariment, Experiments scheduled into them generally reauire
manipulation by a crew member. Usually. the services avallable are
limited, but NASA has on cccasion extended the level., 0On any flight
the nurber of lockers available varies cue to merformance factors and
crew size, It can range from five to thirteen. MNASA manases all
locker cperations (1:63: 19:—).

The Get-Away-Special is anotrer zeecial program managed by MASA.
Trese GAS structures are self-ccntained bay structures capable of
mounting on either the side-wall or a special across-the-bay bridse.
Experiments placed in these structures usually are autonomous. and the
only active service is an ocn—-0tf controller. However, there are now
available GAS structures with oeening lids and arparatus to sject the
paylocad., There are 39 GAS cans in the current inventory (1:35-3¢&:
19:—).,

There are two types of Hitchhiker carriers. Both are managed by
MASA, and have similar aims, Trese structures were develored to
provide auick and continued access to the shuttle for sxperimertsrs.
The level of services are tixed. The experimenter must remain within
the envelope specitied by NASA, but the integration process is
streamlined. The Hitchhiker M is based on the MPESS structurs and has
more weight carrying capacity than the Hitchhiker G side—wall
structure. In both cases, the choice of experiments is managed bv the
carrier manager. not NASA headauarters. Hitchhikers are not available
from commercial sources (22:-—).

The final two carriers in this class are both pallet structuces,
Ore, the Orbital Flight Tsst (OFT) Pallet, was used in the STS tlight
test proaram, Through its interface with the orbiter. it car provide 3
full rarge of orbiter zer/ices. There is only one OFT mallet. manaced
by NASA: it is seldom used (3:—). The second carrier in this class is
te Spacelab Pallet. This is the most sochisticated sallet with great
capacity and flexibility, 1t also interfaces with the orbiter for s
tull range of ser/ices. There are several Seacelab sallets. but the
demand iz great and the current inventory is booked for the nesxt
sgveral years (19i—: 231=—),

In summary, this class of carriers provides a wide rance 2t
capabilities in stardardized confiqurations, This standardization
leads 0 decreasing comelexity in 4erms of the intearation cycle. btut
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also a recduction in flexibility when compared to the passive r:arrie._fs.
The next two classes have similar. varving capabilities but zpecialized
apelications.

Free-flying structures: Thes2 are suprort structures eroviding scme
level ot the szervices mentioned previcusly, as well as, a capability o
separate from the orbiter for varving lengths of time. There are three
structures in this class (zee Table 3). Two eoints should be
remerbered conceming these carriers. First, the level of services
available is reduced compared to the sttached carriers, This stems
from the fact that there is limited interface with the shuttle,
terminated upcn separation from the shuttle (24:—). Secondly, by
their nature. the payloads are complex., This is because the payload
st be separated from e orbiter using the Remote Manipulator System
(RMS), recuiring a comelex crew intertace and maneuvarirg on the part
of the shuttle (12:—), Howesver, this is the only way an experiment
can operate cutside the erviroment of the shuttle., With thi=s ir mind,
each of the carriers will be reviewed as there are substantial
differences between them.

Tre tirst ot the tree~tlyers iz the Long Duraticn Exeosure
Facility (LDEF)}. This carrier provides minimal services for a larss
nurber of experiments with a requirement for lorg Quration exposure tc
the space enviromment, It is a MNASA manaced structure, and only cre
gxists (19:—). 1t was laurched in April 1984, and has not been
recoverad (9:1—). Mizsion duration is dictated by the retrieval
zchedule and orbit decay (23:—).,

Tre Shuttle Pallet Satellite (SPAS) is a German cwned structure
that has previously flown, It can support up to 2929 pounds of eavlgad
and has a mission duration ot approximately 49 hours., Thers is one
avallable at this time (19:—: 24:—),

Tre final free~flyer iz the SPARTAN structure. This is a3 MNASA
managed carrier providing limited zervices to experimerts, It -
flight cduration of aceroximately 40 hours, Supeort is cbtained iz
contract with MASA's Goddard Space Flight Center. Goddard makes
decisicns on 2xperiment selection (2l:—), MASA i3 schedulirg this
carrier twice a vear t0 provide ceecrtunities for R&D sayloads Bi——i,
While this carrier does not have e same capsbility as the SPAS. =
Spartan has zn advarntage in that the interface and intewraticn schedlls
are well defined by MNASA (24:—).

Tre free—flver structures have the urizus capability of zeparatir:
trom the arbiter tor varying lengths of time. and then be retris-ed ar
returmred *c the experimenter. This capability does cost in terms
complexity and flexibility. The next grour reviewed, e seecizl
carriers, has even mare limited apelications.

Specizlty carriers: These are experiment support structures tailcrs
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| Mass | Mounting | Pover ) Data | Attitude | Thermal | Freefly | Carr:er | Source "
g Carrier |Capacity | Arer | | | Control | IDuration | Mass |
~ Pty | Gm | ! ! I (lbs) |
. .
-

- 1. Long 12,669 12 Trays Ko No Gravity No 6mo, + 22,000 NASA bR
=% Duration IBx38x12 Gradient )
. Exposure <
: Facility iﬁ
. 2, Shuttle 708 11l sq.ft.  Yes  Yes  3-uxis Passive 48 1208 Comn, »
, Pillet Gyro hours -3
) Satellite -;3
g 2
1 3. SPARTAN 0 Woudt. Yes  Yes 3-as Passive 4 i NASA *:i
Guro hours 1
A

< (Note: LDEF 15 4 full-bay palllet, SPAS and SPARTAN both Across-the-bay structures.)

- Table 3: Free-tlyer Experiment Supeort Structure Characteristics. .-_:,
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+0 very specific experiments., Thus, their apelicability is recuced.

Tre Get-Away-Special Bridoe. mentioned earlier. iz an
across~-the-pay struchure designed o carry 12 GAS rayloads., It is a
MASA managed structure. The prinmcipal advantage is the econcmy of
sifort obtaired and the utilization of the full bay volume for multisle
R&D payloads (19:—),

The final two structures are both pointing and +racking syztems.
One. the Instrument Pointing System. is a NASA managed attached
structure designed for use with the Spacelasb pallets — only ore exiszts
(1:71=-73). The other. the ASTRO-SPAS. is under develoement in Garmany.
It is a fres-flying variation of the SPAS and is not expected to be
zvailable tor 3-5 vears (4:73-73).

Tc summarize, there is a wide varisty of ssrvices avsilable from
the exizting inventory ot experiment support structures. The Jdifferent
classes =ach provide unicue capabilitiss ard within the classes varving
advvantages and disadvantages exist., In the next section the
2xperiments are reviswed in terms of how they use these capabilities.

EXPERIMENT REGUIREMENTS

The Department of Defense iz embarking on an extensive space-tased
research and cdevalopment proaram, The figures cited in the
introcduction t0 this chapter illustrate this point., In thisz zecticr
soma characteristics of the experiments with current STS spaceflight
recquests are reviewed., The intent 0! the review is to illustrate the
wide variety of supsort reauested and point cut whers demard for
services of a marticular tyee is areat. The importance of thiz iz that
ultimately, it iz the sxperimenters’' requirements which must be met,

The da*a cn the recuirements reviewed in this chapter was erovided
by the DCD STS Program Office. Both classified and urnclassified data
were available, However., only unclassitied sources were uss e
importance is rot the strict technical detzils but the trends
variety, In any case, the unclassified sxperiments are a
representative cross section of the total inventory (23:—7.
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0t tre 190 exeeriments on the unclassified listirgs, 38 ar
desigrated to fly on existing standard carriers reviewed in thi
chaster,

w

- Two have been assembled using the adaptive payload carrisr.
Trese are multi-mission payloads and have flown previcusly.

- Twenty-sight are reaquesting mid-ceck locker space.

- Thirteen are GAS syperimerts,
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~ Five have requested space on the szecond LDEF mission scheduled
o fly in May {987.

~ Bix are desigred for the Hitchhiker ztructures.
- Une experiment is recuesting a SPARTAN flidht.

An additional 13 experiments are plarned as in-tay eyxperiments byt
not on one of the standard carriers. Two of these will be cedicated
payloads with an integral sueeort structurs. Three others have
structures designed specitfically for the exceriment., These will flvy as
primary payloads z= part of a mixed carso. Six sxperiment=s indicaste a3
requirement for free=tlight but have not selected a carrier. Current
indicaticns are *he existing inventory of free flvers will mest the
nesds of these axperiments. The tinal four sxperiments in this
category orly indicate a requirement for space in the bay. No specific
carrier has been desianated. This makes them similar 4o the remzirirg
axperiments (13:—: 16:—).

There are 32 execeriments for which no specitic fliant recuirements
have been levied., All these siperiments are on the current Spzce Test
Proaram orioritization list. They are zeeking laurch sueport from s
Space Test Program and, at this time, have only defined the mizszicn
cbiectives and experiment technical specifications. Desian for
spaceflignt has yet to te accomplished, and until this is dore ro
carrier selection is possible 21:—) ., However, the anticipaticr is
most will design 1o a particular carrier az this provides the ma:irmum
oeportunities for flignt. Additionmally, s previous study found that
many of the experiments on the STP priority list indicated 2 ereferencs
for free-tlicht (22:3).

Tre axreriments reviewed above are only a samele gof the total
inventory. As stated =arlier, the classifiad sxperiments wers rot
considersd. However, the sporsors of the sxperiments on both lists
have requested seacetlight supeort from either e TOD STS Program
Oftice or the Space Test Program. Yet more are being develosed in
laboratories across the naticn —— many asscciated with the Stratssic
Cafenze Initiative (E01). The SOI-secrcsored experiments exhibit the
potential for the zame great variety sesn in e previcus ssperiments
supecrted througn the STP ard STS erogram offices. Yet thers is an
unkricwn associated with <01 due to the rature of the research. Trars
iz 2 rotentizl for increased comelexity and size (221—), The ooirt is
that it iz difticult +5 rredict what e future requiremerts will ke
gther *han to zay they will be as varied as today. Thus the choice of
3 structure, or inventory ot stoucturss. based on existing recuissrerts
may not fulfill future needs., However, there are some additiorsl
factors which, if takern into asccount. will put the decision on firmer
arcund, These are the organizaticral intluerces of e launch supecrt
agencies,
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Chapter Three

MASA SUPPORT TO R&D PAYLDADS

As stated in the introcduction. MNASA has consistently surportad RID
pavloads — ranging from zmall crew cabim experiments 1o dedicated
Spacelab mizsions, The intrastructure behind this supeort iz sxternsive
and irvolves both administrative orocedures for manifesting the
pavloads and technical services for integrating the sxperiment onto e
carrier icreating a pavload) and the mpayload into the shuttle. Both
aress have sianiticant impact on DD sureorted maylcads, In this
chapter the manifesting system, the intearation orocess, and NASA's
manacement of suepcrt structures are discussed in tusm.

PAYLOAD MANIFESTING

Manifesting is simply the process MASA uzes to assion maviosds o
specitic flignts., Unfortunately. it is not a simple orocess because
Here are multiple payloads on =ach flisht and because both the savlosd
schedulee and the shuttle schedules sre constantly changing, This
section ftocuses on the manifesting system and its impact on OOD RAD
payloads by examining the priorities MNASA uses in assigning payloads,
teir systematic zoproach to ensure comeatibility, and how each
interact to create difticulties for the DOD.

Tre manifesting process is carried out by the Flicht Assignment
Working Group (FAWG) (8:13). Althougn NASA considers manifesting an
interral process, this arcup does have a DOD member (25:--). The OOC
i3 represented for three reasons. First, the DOD does ceerate zome
cortions of the 515, ircluding the Yandsrberg launch site. orocuremert
and ceeration of the inertial upper stage, and some of the rzdar ard
tracking organizations (7:—). The second reason is the DD is the
largest single customer on the shuttle (6:33). Recently. the TCD
agreed to fly at l=sast cne-third of all shuttle missionz (25:—) and
reactiated o pay 3 certain portion of the 573 fixzed cost. recardless
ot the actusl rumber of DD flights (23:—). Finallv. the UL has
mizsions important erough that NASA must elan arcurd tem (25:—)., Tre
0D FAUG reoresentative looks out for these interests. Unforturatels,
the OO0 representative alsc spends considersble time getting KD
experiments on the schedule becausze NASA considers them secordary
payloads and low in priority (25:==)., This disparity in eriorities i=z
one o1 the maior drawbacks in the susPQrt syestem,
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. NASA actually has two priority systems — one for Primary Paylcads iy
: and one for secondary payloads. The best way to distinauish between AR
p the two types is by detining a secondary mayload. It is any relatively s
zmall (less than tive per cent of the total orbiter capacity! sayload =
wil1ing to tly on a seace available basis. Space available is defined -
A 3as the capacity of orbiter services (performance. space. crew time. 435
X consumables, etc.) left after the primary assigned payloads’ e
A requirements are met, Thus, a secondary rayload iz a small eaylcad : t:'"
3 willing to either accept what is available on a given flight or wait 3
until a tlight =xists which can meet all its requirements. Primary =
) payloads are all large payloads and any small payload unwilling to LY
< accept the provisions listed above. MNASA's overall priority system is e
: primaries first, secondaries second. UWithin each of thase paylcad ey
o claszes separate priority systems exist (25:i—). S
' In practice the eriority system f{or erimary payloads iz as
5 tollows:
- 1. Mational Security Mizsions. Mizsions certified by the e
- Secretary of the Alr Force as recessary to the national security of the s
' United States. These will be tlown as close as possible to the e
scheduled launch date and will not be pre—emeted by any other mizsion: 3
. 2. Commercial and other DD missions. All commercial missicrs AN
% ard D00 missions not conzidered essential to naticnal security. Thesze e
g will be tlown as close as mossible to the requested flight in the order e
¥ in which they are bocked; ;;-Z;Z
3. NASA sponsored payloads. All NASA sponsored missicns. These
N will be tlown as soon as possible but usually after the mayloads in o
X eriorities 1 and 2 are scheduled (25:—). -
N Tre priority zystem works in the following manmer, First, *the OOD oy
national security missions are sut in the schedule., MNext., the s
X commercial and remaining DOD mpayloads are elaced in the schedule zs e
- close as eossible to their reauested launch date. Uhen corflicts in o
" this category occur. epriorities are determined using the ST5 Fomm 106 e
- (Request for Flight Assianment) =ubmission date, This is referrsd 1o R
- as the booking dat2, Fimally, the NASA missions are scheduled ints the
remaining slots. in an arder determined by NASA., Thers ars some '
excertions to the priority system. CSome NASA mizsions have critical
launch windows. and MNASA will establish 3 fim schedule date for thess, N
Yren adjustments are made to the schedule. they are made srcunc these o
- missions, In =ssence, *hey beccome Pricrity | missions, Howsver, TD SO,
X Priority 1 missicns could pre—empt these if recessary (@3:—), The R
Galileo and Ulysses missions zcheduled for May 1986 are examples of ks
& this tyre mission. Uhile this eriority srocess seems simple, there are N
: two thirgs which comelicate it. Al
b, \h"
; Tre first of these is the STS cperates more like a scheduled bus P
: zystem than the taxi system nature ot the sypendable launch ahiclss ;':‘_:‘
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ELV)Y, The ELVs supeort a single paylocad and generally fly whernsver
the user wants., Tre zupport provided is tailored to the payload and
there are no other customers so there 1s not a sroblem with
comeatibility. Typizally, the only comstraint is launch pad
availability (17:2). The shuttle is a buz which rlans to lsave at &
certain time, travels a fixed route. and often nas multicle riders.
When building the manifest this must be taken into account,

The second complicating factor iz that everything in the system i=s
constantly changing. The shuttle has problems. and the whole scheduls
is delayed. Fayloads charoe requirements, and this upsets the
established mix of pavloads, and the schedule must be changed., For cre
reason or arother entire flights have been cancelled. It is

interssting to ncte that fully one-halt of the flights scheduled 2t e
beginning ot 1923 for the periogd 1983 throuah 1983 were cancelled
23:—), In any case, the result iz the manifest is constantly
charging, and the manifesting process is always on—goina.

Tre manifestirg system works 3s follows., The first scheduls of
ary iteration is called a strawman, This strawman manltest iz Put
tosether using the pricritiss listed above and broad suidelinez on
certormance snd compatibility. This strawman is first assessed oy
Kerredy Seace Center persornel o ensure the arcurnd facilities. suppcrt
=auicment. and nrbiters are available and can meet the schedule.
Adiustments are made based on this review, angd the strawmarn iz releassd
to the remaining FAUG members for a more detailed revisw (2:13).

Tre DD’z review consists of ensuring the reeds of the (D
pavloads are met and the DD rescurces required to supeort the scheduls
are available., The NASA asencies (primarily Johnson Seace Centsn)
conduct a detailed compatibllity assessment based cn paylcad
requirements and cargc mizes., Cetailed structural. themmal. crew
activity, avionics, center of aravity, ard performance assessmerts sre
made t0 ensurs the Dayloads in each mix are compatible with e=ch oirer
and the shuttle, Curing these reviews trade-offs are mads o srnsurs
gach nz,1cad’'s missicn objectives can be met. Once a remnlete
""E-»:)TEH*' 1: l"nade 'U‘»E :th:t‘-‘d miar fE..- Labmlttﬁd \.D n‘ﬁ-
maragement and the OO0 for amproval, Barrxna untorseer diftficultiss,
the marifest iz then aseroved and relezsed to the public 'c-F“ 41 At
this point e process beqins all over., Tyeically. the small paylcs

are not added o the marnifest until after this review process has beer
completed due to their space available nature discussed = rl::r
2Li=—=), The sys%tam uzed o manifest these szecondary eaylosds is
similar *o the erimary system., The major Jdiffsrerces lis in Y=

sriorities MNASA assigns the secondary payloads., and e +1m1ra 3z
mtlmm HDCM'EA

I]

I'J
[ ]
]
ot

MNESA' s secondary epaylocad manifesting system has two rricrity
cateanries — commercial Jeint Endeavor AqQreement mayloadzs. and all
cthers. Joint Endeavor Agreement JEA) paryloads are usualls tectrolcay
demorstration and/or RAD ventures secrsored by a conmercial corcemr,
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MASA zubsidizes theze payloads in order to encourage e utilization of
space by the commercizl sector snd to brozden the technology base,
Given the emphasis President Reagan places on commercialization of
space. this priority iz not urexpectsd (25:—).,

Orce the JEAs are scheduled, NASA manifests the remainirg
secomdary pavloads on the basis of bogking date and corpatibility with
the primary epavload, Compatibility is judged in the zame manner as
betweer primary payloads., except the secondarises are judeed against e
margin: i.e.. they have to meet their requirements within the lsft-gver

zzpacity of the shuttle (1:321), As mentioned earlier. the secondariss )
either live within the available resources or wait for a later rice. N
0f mors significance o the DD is the problem ot using the bocking ]
date to determire priorities (25:-—). This means simely ficst ir, Ve
first out, If the flow of mayloads through the system was orderly, B
trere would be less a problem. However, as merntioned in the %
;. introducticn. there iz 3 substantial backloe of small mpaylosds., A 1923 £
- study of the backlog by Johnsorn Space Cantsr eersorrel concluded it N
... would take spproximately two vears t0 tly sll the mid—Ceck =iperiments o]
o on the books at the time., 'hen the study was dore. there wer2 451 GAS -
o eyxperiments requesting tlight ~— only 32 flew in the first two vesrs of e
tre program. MNo estimate of the length of time required o work off i%i
- thiz backlog was made (18:—}). The cther classes of zmall mayicad R
o accommodations had similar backlogs. Sirce the study, the situaticr S
¥ has gotten worse. not better (25:—). that this means tc the 0O *cda; -]
: i3 that 2= new mayloads are added o tre list., trey co or the bottom, T
. MASA, using the tirst irn first cut ohiloscehy, attemets to fly e <

older paylcads firat. Given the volatility o3¢ the 975 scheduls, the
rewer paylosds have little hoee of settirg 3 qulck rige. This
urcertainty is aggravated by the late manifestirg decisiong mads by
NASA concerning secondary payloads,

Secondary payloads ustually are not manitested urtil after the
Caras Integraticn Review (CIR) for 3 particular missicn (18—, Thiz
Scours approximately nire monthz prior o flignt (12—, The MNASA
manitests runs slightly over three yesrs for the erimars carlcads
(=i, Heowever, due tc the changina nature of the cargo mizes, MASA
rmanagenent prefers to delay decisicns on e zecordarizs urtil e
tira! eerfomance numbers are in. fece are reviewsd st e CIR

(25:—3, Thiz late manifesting. corbired with the low pricrity ai-
- mest secondary payloads, results in comsiderable uncertainty for
o gxmerimentsrs 21—, This uncertairty mesrs the eiperimertsr Tus
2 roady t0 fly as scon as eossible to take acdvartage of any ceeortLrd
: To o 30 the axperiment must first oo through the MASA irtegratioe
cycle.
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” Tre MASA integraticn srocesz is designed to ensure e resds f
‘ e cusicmer are met while also srzuring e parload iz corssticle with
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e orbiter. The procsss involves

- preparation of the Payleoad Inteqration Plan (FIF),

- preparation of the Interface Control Document (ICT),

- ihe safety revisw process,

- the detailed engineering analvyses. and

- the intsgration review cycle (8:Ch 2),
The timing of this system iz fixed for various tyres of pavloads. and
i cannot be by-passed, However, in certain cases the timing carm be

sccelerated (23:—).

0f tre different zecmentz of the process, cerhaps the most
critical is the preparation of the PIP. This document

- detfines rolas ard respcnsibilities.
- delires the technical baselire,
- detines the integration tasks, and

- sstablishes the scheduls for the intearaticr tazks 2:7).

In short, it drives 31! the remaining intearation activities, Tre
other activities involved in the integration cycle usually zccur s
the start ot the PIP precaraticn process. Each of the activities

i
interfzce between the orbiter ard the payload (B:i1)., Tre sa
review process, of critical corcern o MASA. runs throughout the sools
12:13)., Tre timetable of trese tasks i= shown at Fioure 1.
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Sfigure 1! Typical Paylcad Intearation Schedule (8:8),

Tre cycle shown is for a typical payload. Treical can ke
translated as a non—complex primary cayload. Certain eayloads have
longer cycles. These include most DOD dedicated mayloads, zll the
Spacelab rmayloads. and any payleoad with unique requirements (3:8).
This later category includes laroe experiment support structures with
multiple experiments and hidh crew activity requirements. However.
there are some classes of ravloads having shorter cycles., Table 4
shows some tyeical intearaticn times for some of the experiment
structures menticned earlier. The time saviras come from the relatie
zimplicity of these smaller mavloads, and the experience MNASA chtzaired
o pravious flights of the structures (25:—), Based cn workirg with
knoun configurations, MNASA has strsamlined the integration cycis by
creating stardard documentation and engineering analvses. For szample.
MNASA JSC has detfined a amall payload contiguration for a zmall
a2xperiment and cublished a standard PIP and ICD for it 8:21), If e
experimenter stays within that stardard, e paylosd iz considersd
simele, Once the sxperimenter reauests serv/ices cutside this standard.
it beccrez a non—standard. more comelex Payload (23:—). As showr In
Table 4. this incurs 3 six month cenalty., This conceet of standzsd
carriar specifications leads to the last area of influence — NASA
maraoed carriers.

P
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Contiguration Integration Time
Prior to Flignt

Simple Crew Compartment S5 to 13 months
Complex Crew Compartment 13 to 24 months
GAS 12 to 18 months
Simple Sidewall - 12 to 24 months
Complex Sidewall 18 to 22 months
Qther carriers 12 to 36+ months

(Hitchhiker. SPAS. etc)

Table 4: Tvpical RAD Payload Integration Times (25:—:.

NASA MANAGED EXPERIMENT SUPPORT STRUCTURES

In order to extend the level of support to NASA and other
researchers., NASA has develorad zome standard carriers and manages botr
tre experiment-to-carrier integration and the payload-to-orbiter
integration. These carriers, reviewed in Chapter Two, include the Get
Away Special, both Hitchhiker structures, the Seartan structure., the
Long Duration Exposure Facllity, the mid-deck lockers. and the Seacalab
pallets (19:—). Within this grour. four have seecial advantaces over
the rest of the carriers raviewed. The GAS. mid-deck locker. and two
Hitchhiker structures have programs which can orovide auick access 40
the shuttle, Essentially, MNASA has established certain levels of
services asscciated with each of these carriers. sometimes known as the
Small Payload Accomodations Psckage (25:—)., Experiments designed
within these criteria can reduce signiticantly the time and effort of
integration, Therz is cne additional important tactor. MH&SA Ras. in
place. the persornel, tacilities. erccedures. and hardware for Heese
programs, The experimenter only has +0 provide the hardware assccisted
with the experiment (29:--), There are, however. scme drawbacks.

An earlier review of the small rayload accommodations services
indicated =ome payloads prorozed by the DD researchers would rot fit
within the envelope, This does rnot mean the carriers are rot capabls
ot hardling the requirements., The level of services offered az part ot
the small payload packace was minimal to simelify the intsgration
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process., This was accomplished by seversly restricting the interface
with the shuttle and crew (25:—). Tre same carriers could orovide a
higher level of service by increasing the interface. However, MNASA
then treats the pavload as uniaue. and the integration cycle becomes
more corplax (5:Ch 4). In gither case the problem of getting on e
manitest still exists. However. NASA has made some offort o ensure
exposure of these carriers by scheduling in advance the flight of the
Hitchhiker structures, the Seartan structure, and an occasional GAS
bricdee. These are scheduled withcut decisions conceming the
experiment to be tlown (23:—).

MNASA support to D has been extensive in the past and continues
to arow. Their etforts to simplity the intearation cycle for some of
tre carriers can be of areat benetit to the research community.
However., the problems existing within the schedulirg =ystem — the
trequent delays and the priority systems — create tremendous
ditticulties. The next chapter will focus on the two DD oroanizatiors
+tasked with the job of working around these orobleme and getting the
critical OO0 RaD missions flown in a2 timely marner.
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Chapter Four

00D ORGANIZATIOMAL SUPPORT TD R&D PAYLOADS

As mentionad in Chapter Two, there has been a tremendous increase
in the level of DD =zpace-pased R&D activity on the STS in the last few
years. In order to support this activity, there are two orcanizations.
both located at Alr Force Systems Command’'s Space Division
Headauarters, oroviding supeort. In this chapter the activity of these
two organizations is reviewed in terms of how this activity influences
tre choice ot carriers. These proarams are the Sepace Test Program and
the Space Transportation System Program Office. Trhe Space Test Program
has provided support to DD space-based research for many vears. ard
will be discussed tirst.

The Space Test Program (STP) is 3 tri-service mrogram. manzced by
e Air Forze, chartered and funcded to provide spaceflidht
cpeortunities for DOD research sxperiments. Since 1966 STP has flown
over 199 experiments, mainly on expendable laumch vehicles (ELvs),
Recently, however. much of its work is directed toward preparing
payloads for the shuttle (1:11-19). There are three areas needing
emphasis in regards to the STS — the STP priority system, their
charter to buy generic spacecraft, and their ohilosoohy for packaging
gxperiments., Each are important in terms of the questions addressed in
this study.

The STP priority system impacts the decizions only indirectly. but
it dees have =ome influence. The requlation soverning the STF process
states that z board will meet annually to prioritize the sxreriments
submitted for consideration., These experiments come from all the
uniformed services as well as other DD RAD organizations. The board.
in itz anrual meeting, listens to the proposals and rarks the
experiments based on military relevance. cost, schedule. etc,. 12:Ch
3. The pricrities sstablished through this system are used by the STF
office in determining funding and suekcrt for the experiments
(13:Ch 2), They flv them in the order listed., based on the tit between
cprortunity and the reuirements of the payload. However, not all the
experiments handled by STP ao through the anmual prioritization
process. STP recently instituted a Quick Reseonse Shuttle Payload
(GRSP) orogram (3:1). This program iz designed to £y parloads ir 3=
little as nine months if an ceportunity comes availsble (5:1). The
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payloads qualifying for this program typically are small mpayloads with
minimum requirements — very similar to the small pavload
accommodations package forwarded by NASA, In most cases the GRSP
experiments do not use the same equirment as the =xperiments on the STP
eriority list, However, there does appear to be z possibility of
conflict as the traffic model increases (25:—!. Also, some programs
applying for QRSP status do not meet the simelicity requirements. In
any case, the QRSP system sxists cutside the standard prioritization
cycle. Another area where the priority system iz impacted is the
packaging shilosoehy ot STP.

Ore ot STP's philosophical approaches to eackaging experiments is
a holdover from their experience with ElVs. UWhen flving on an ELV the
tendency is to put as many exeeriments z= possible on the fliant.
Diten. a zingle laroe experiment would serve as the primary. with
secondaries added when possible. However, the total package was an STF
pavload (1:23). STP has carried this over to the STS. A courle of
things result from this philosoehy., First, these packages use the
larger sxperimental susport structures and, conseauently, are scheduled
a5 primary pavlocads on the manifest (235:—). However, their epriority
is equal to the commercial eavlcads in most cases and face the
possibility of continuad movement in the schedule. A second result is
the =mall rayload may have a longer wait for a ride thar it flvirg
alone ard it certainly faces a longer and more exrensive intearation
cycle, The longer integration cycle comes from the fact that the total
cavlcad is now cansidered complax by MASA. and the shorter cyclas o
longer apply. The increassd sipense comes from the longer time the
investigator spends on the project and the increased cost of the
additional analyses necessary to ensure comeatibility between e
carrier, the shuttle. and the other payloads (Z3:—). This discussion
applies to the payloads (experiment/carrier combination? marnaged
in-house by STP, These are built when one of the experiments sucsorted
by STFP has the priority to generate a primary rayload. However., most
gxperiments are flown using space available on cther carriers. The
program managers do use this avenue when possible (13:9).,

The primary methcd STP uses t0 take advantage of space available
tlights is to contract directly with NASA for smace on the MASA manzaed
ayxperiment support structures., In fact STP has arrarged spsce on all
of the space available structures - both Hitchhikers, GA&S, iLDEF,
Spartan, and mid-deck lockers (21:~), The LDEF iz s speciszl cases ir
terms of manifesting., as it flie=s rarely. The other parloads. howsver,
fall under the rules discussed in Chapter Three, Trat is, the
experiments placed on these carriers are N&SA seonsored and have a low
priority. Due to this relatively low priority. they face the szame
rossibilities for delay as the small payloads on the laroger DCU
sponsorsd structures discussed above. The combination of the eriority
system and the manner in which the payloads are packaged only incrasses
e likelihocd ot delay. This is cne of the reasors STP is interested
in surchasing gereric equipment (23:—).
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: The Seace Test Program, in its role as a launch supeort agency. ;"
has direction 10 supply standard experimental support ecuirment to e A

’ users. Seecitically, the STP Program Management Directive PMD) states a5l
. *...STP will develoe and use standard hardware when practical...”
(11:1), It turther states “...STP will provide only standard harcwace e

: and services...” (11:2), This is interpreted to mean STP will provide bay!
N . LD experimenters the necessary supeort equipment needed to conduct e
: space experimentation. However, the structure should not be unique to Y,
a single experiment. Air Force Requlation 80-2, the STP aoveming 'S,

. requlation, supports this. It states “...If an experiment requires ¥
y suprort beyond that provided by the standard hardware, this additional
. support is tunded by the experimental sponsors...” (13:6). The rrd

) implication of this is a single experiment cannot drive the requirement o
: for an STP provided experimental supeort structure. e

, In summary, the Space Test Program office is a major sussorter of
& OO0 space-based RiD. Its philosoehy, priority system, and direction fo ‘
provide supeport hardware all have sianiticant influence on any decision “

‘ conceming the type of equipment the DOD should buy., Trers is, R
however, another organization providing supsort to OO0 RaD. This is -
the STS Proaram Ottfice. 20
X THE SPACE TRAMNSPORTATION SYSTEM PROGRAM OFFICE =
- The DOD's Space Transportation System Proaram Office (ST3FD), as o
A the principle intertace with NASA in regards to shuttle matters. is b
tacked with the manitesting of all DD payloads, as well as. the -
. management ot integration activities for 00D rayloads onto the shuttle o
N (12:3). This responsibility brings with it significant influerce on E:-’.‘
DD space-based RAD activities. In this section, three aress ars s

discussed: STSPU organizational direction to provide stardard o

equipment: the manitesting priority uncertainties: and the influence N

] ot the flight reimbursement system. These are each covered in tum. B
. el
) The STEFO also has direction to purchase standard sauiement 0 !
- supcort DD payloads. Their PMD dirscte the STSFO to “...develce. NS¢
5 acquire, integrate, and maintain common pPavload supcOrt eauipment...” s
1 12:3). Unile this direction might apeear to conflict with the S S
_ direction, in actuality it reinforces Seace Division’'s charter to e
- provide standard experiment supcort equisment. Both organizsticns N
5 realize the need to coordinate any eurchase to ensure the proser mix is e
. acauired, There is. unfortunately. a eroblem with the next scint *o b= AR
N considersd — the manifesting eriorities. o
v . vt
Tre Space Test Program has long had the lead in supecrting the bulk -
of the R2D experiments requesting spacetlignt., However., with tre RSO

advent of the shuttle the STS Program Oftice has become actively 2

involved by assisting STP in integrating some payloads onto the shuttls ~3

ard manitesting all OOD savloads (21:—). In this latter role scme -
conflicts have crept into the system. As discussed earlier. STP has 3 "%
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priority system for R&D pavloacds and 3 QRSP program with ro eriority
process. However, not all RaD experiments come through STP, The STP
provides its services to experimenters not authorized their own mears
ot flight: i.e., they can’'t buy a ride (13:3). Yet cne of the major
R&D customers in the D00, the Strateoic Cefense Initiative
Oraanization, does have authorization to purchase flights and falls
outside the STP priority system. The ditticulty this creates is there
is no overall manitesting pricrity list tor all the DD payloads., The
STSPO, charoed with the job of manifesting these payloads, has 3
difficult time making decisions without an overall priority system. In
the past the job was simplitied by the low number ot experiments ready
for tlight. However, as the rumber goss up, the problem gets worse.
Some eftorts are being made to resclve this problem, including the
creation of a joint STP/STSPO Custcmer Service Office. This oftice is
the initial point of contact for all new payloads and should provide
maritestars with more visibility into the tratftic. However, without a
single priority system, the manifesting problem will not go away

23:—).

The tinal area of consideration in this section is the STSFO
management of the Orbiter Flight Charge (OFC) reimbursement to NASA.
Under the orovisions of the MDA between NASA and the DG, the OO0 says
for =ach shuttle missicn and receives certain standard services in
retum., The number of mizsions to be flown sach vear is projectsd
three years in advance and payment made one year erior to the vear of
tliaht., Once a payment is made, if a flight was cancelled the DOC
received a credit in later vears (22:—). This created zome eroblems
tor NASA due to the tremendous fluidity in the DD launch schedule
(Z2:—), To alleviate this a rew agreement was reached in {1985, Under
its provisions, effective in 1989, the 0D will fly one~third of all
shuttle tliahts over the following 192 vears. The reimbursement for
these flights consists of a fixed cost and a variable cost. The fix
cost (339 million cer fliant. FYBZ dollars) will be paid *he year erior
for cre~third the total flights scheduled. This payment is not
reimbursable, even if no DCD fliahts are flown. The wvariable cost (229
million per tlight, FYE2 dollars) will be gaid onlvy id the flight is
flon (Z3:—). For example. it 24 flights are scheduled in a aiven
vear (the assumed mature system flight rate), the DD will par MNASA
3242M the vear pricr. This morey will not be reimbursed in any casse.
12, during the flight vear. the UOD flies four missions. MASA will be
paid an zdditicnal $120M. This impacts the R&D payloads in two ways.

The first concems availability of zpace for the smaller =avyloads.
Urder the cld agreement the 0D did noct pay an Orbiter Flight Charse
{or small pavloade. This was because the DOD and MASA could rot aaree
orn a price. This lack of payment allowed NASA to give DOD small
payloads a low eriority., and the DOD had no leverage., Under the rew
agreement, however, the commitment to buy one-third of all flights
irelies a right to use one third of all space, including small rayload
accormodations. The secord sotential impact concerns the eriority
given DOD RAD missions ‘ard for that matter, all Priority 2 CCC
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missions). Because the DD has already paid the fixed cost sortion of
one-third of the flights, any COD fliaht requested by the DOD stavinag
within the one—third limit must be flown., (Additionally. R&D pavloads
. will likely get increased support within tre DOD because the fixed cost :'_é’
cortion of these tlights will have already been paid.,; This should ;{
A
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give the STSPD manifesting personnel tremendous leverage when
requesting flight dates in the future (25:--),

In summary, the STSPO provides manifesting supeort to all OQD "!.‘.
Payloads., pays for all CCD payloads, and provides standard equirment o K ]
these payloads., While cnly one of these directly concems small \
payload structures, the other two areas have significant influerce on S,
the manner in which they are used and must be considered in the :‘t
tollowing analysis section, RN
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: Chapter Five R
| 3
FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS AN
¥
In the preceding chapters the factors intluencing the strateqy v
; reauired to core with the problems associated with the DOD space-bassd v
g R&D community requesting flicht on the STS were reviewed. In this T
N chapter, the information presented in this review iz summarized by
") presenting specific findinas. the conclusions coming out of those O
findings, and recommendations offered on the basis o? the concluzicns. -
K o
R FINDINGS o~
- Using the intormation presented in Chapters One through Four. the 2
I following are the specitic findings pertinent to the auestion asked ir =
- this StUdY . .._‘. ¢
5 - There are numercus experiment supcort structures available o
- carable ot meeting a wide variety of needs. N
P RN
i — Eight are passive carriers. Two are from NASA ard six from -
commercial sources. 0Of these. the MPESS has flown most ofter. 3
— Six are active carriers, and all are sponscred by NASA, '.E:f:’
- — Three are free-tlyers. Two are from NASA and one from a i:‘iis
b commercial source.
- Three are specialty carriers. One sueeorts GAS maylosds, l;Z;
- while the others are pointing and tracking supeort carriers. R,
- 0t the four grours of carriers reviewed., the cassive carriers '.:‘:'.'
l have the mast inherent tlexibility. while the active arour has the most -
p inkerent capability.
- - The majority of experiments listed in the current DD invertor: \
- Plan to use one of the existirg standard carriers. Thcse not 3
. designated against a particular structure will most likely use cre of e
i the existing structures. -
N - The NASA uses two priority systems — erimary and secorndary. In ;Z.j'.;ﬁ
N each, DOD R&D payloads compete for scarce space with non-0C0 o
-~ exeeriments, In any case, both the DD and non-DOD experiments have A
E relatively low sriority. <5
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’
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- The length of the NASA intearation crvcle is dependent on the
complexity of the payload. Any non—-standard contiguration increases
payload complexity.

- The NASA sponsors RAD experiment susport structures with
standard configurations and streamlined integration cycles. The MNASA
has in-house facilities to support these structures.

~ The [0 Space Test Program has 3 pricrity system for experiments
not authorized their own means ot spacetliagnt, In addition. they have
instituted a Quick Responsze Shuttle Payload erogram desiaoned to provide
rapid ooeortunities for tlignt, The GRSP experiments fall outside the
romal prioritization process.

- The STP design philosophy encourages both primary payloads and
the use of space available services.,

- The primary sPace available avenue of STP zponsored experiments
is NASA sponsored carriers.

- The STP has Air Staft direction to erovide researchers with
standard experiment succort equioment.

- The Space Division STS Program Oftice has comelemertary
direction +o obtain standard experiment supeort ecuisment.

- The research community has in the past come to both the STF ard
STS ercagram oftices, The newly formed SD Customer Service Office is
now the single moint ot contact tor all mew payloads. However, there
iz still no sirgle experiment eoriority list.

- The DD has committed to fly one-third all STS missions cver e
next 19 years., The OOD will pay both a fized price and a variable
price. The tixed price mortion of the mayment will be maid regardlses
2t the number of {lignhts flown by the DOOC,

- Orce the tited orice portion of the bill is paid. flightz within
the one-third allotment will only pay the variable portiorn of the
Orbiter Flight Oharee.

CONCLUSTONS

The data reviewed in the previous chapter, summarized in the
tindings listed above, lead to several conclusions., These concluzicons
are listed below and form the basis of the recommendations listed in
e last section of the study.

- The OOC R&D community is sponsorimg a areat variety of
exreriments, This iz based not on a technical review of the
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experiments but on the variety ot exreriment suprort structures used.
This variety in structures leads to the conclusion the experiments have
diftering objectives and technical requirements. There iz some
avidence to indicate free—flying capability is relatively important.

- Second, the DOD R&D community is apmparently satisfied with the
capabilities of the existing structures. In any case, if the structure
cannot meet the need, the experirenter must provide his own supecrt lor
at least pay for it).

- There is uncertainty conceming the contiguration of future RaD
expariments. This is due to the advent ot the =DI, and the chargirg
nature ot the research. For this reason it is concluded that any
carriers procured must have consicerable flexibility. Additionmallys,
there should be some caution taken against over-committing %o a
particular inventory until more is known about futurs recuicements.

- The major ditticulty in getting UOD RAD pavloads flown is the
priority system used by NASA in manitesting mayloads, For varicus
reasons DOC R&D rpayloads have a low priority in relation to other TOC
and commercial payloads., The integration cycle is reduced wher MNASA is
tamiliar with the carrier.

- Increasing comelexity results im an increased intsaration cvole.
This also cozts the experimenter money. but the increas=d complexity
may be necessary to ensure all needed services are cbhbtainad.

- The NASA sponsored experiment sureort structurss have a variety

of capabilities, and NASA has the in-house facilities to integrate the ,;,‘
experiment to the carrier and the payload into the shuttle. ;‘4::3
o

- The Seace Test Proaram is on sound footing., The ore major s

drawback iz the lack of a conzistent eriority system.

- The STS Program Dftice is also on sourd footing, The work wits
STP in resolving contlicts should result in a better ceeraticn. s3ain.
tre lack of a single priority system is the major drawback.

AS 3 reminder, the overall purpcse of this study is to zuccest s
strategy to snsure needed DD RAD gets flown on the shuttle in 3 timel:
manrer, The specitic need identified was for in-house siperiment
sueeort structures., The conclusions reviewed above are specific to +he
difterent sections covered in the study. Owverall., the cenersl
conclusicn is the TOD should use cauticn in buying supeort structures.
and should emphasize flexibility and familiarity. 0Of trose reviewed,
the single carrier best meeting these criteriz is the MPESS. Uhile &
free—tlying capability was identified as relatively imeortant. anv
decision 0 buy a tree-flying structure should te delaved until a3
spacitic exceriment with sutticient eriority to quality as 3 orimary
paylcad is idertitied. At the same time, the 0D should incresse the
use of NASA owned structures ard put pressure on NASA t0 ensure the CTOC
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gets pricrity. The way to do this iz two~fold. First. the 00D should
help fund the NASA sponscored structure programs tO enzure adequats
resources age available for OO0 use. Second. given the rew tinancial
arrangement with NASA. the DD should inszist NASA give sricrity to all
U0 payloads, designated national security or not. as long as the to*sl
flight model deoes not sicesd the cre-third traffic model agreed upcr.
In thiz way the 00D can be assured it gets the proeer priority for it=s
missiors.

FECOMMENDAT IONS

Based on the above comcluzions, the following specific
recommendations ars mads.

1. The DOD should buy one MPESS cxperiment supeort structurs,

2. The 0D should ernter into an agreement with NaSA tc helr furd
the MNASA seoneored carrier programs, The tunding should oo - the
purchase of sdditicnal hardware dedicated to the 0OD, and to orovide zr
ircreased capacity to handle the additicnal work.

3. The 0D should manifest 31l pavloads within the cre-thirg
limit as priority 1.

4, The DD should institute a master mavload prigrity lizt,
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