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- ABSTRACT

h >This study

!

raeviews the use of the syatems manage-
ﬁent/syétem'program office (SPY0) avnroach to the
madagemen% of rescarch and dovelooment test of snace
and ﬁiésile vehiclces, The SPO'management concent usaes
anlelabqratgl1ntefdisc1plinury orzanization wholly
dedicated to the acqulsition of one system. Thie

study concludes that with very scarce resources (opar-
ticulaﬁiy éxperience@ veonle and funda) and the bresent

situation of many small éystema that test economies

and efficienéiep‘cap be renlized by the use of svnecial

!

zfunctionaliaervipe staffs. They can nerform many test

lplanniﬂg duties in a centralized aﬁd single point-of-

contact manner for all SPOs. ’ )

- ——————
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PREFACE

Thin study reviews the use of apeclalized function-
al service staffs to improve upon the traditional auton-
omous system nanagement/system program office (SPO) mode
of managing. Of direct 1hterest was the test of space
end missile vehicles on the Air Force Eastern and West-
ern Test Ranges. The author has had seven years of
direct exparience at the Test Range and SPO organ;zation
in the fleld of documenting range test suonort require-
ments. This experience gave him an understanding of
the worzings 2nd oroblems of the teast documentation as
it affects 8r0, SPO parent organization, Aerospace Test
Wing, and Test Range alike,

In mid-1966 the author was assigned as supervisor
of a section at Air Force Systems Command's Space and
Missile Systems Organization with the expressed job of
improving the quality and timeliness of SPO test
documentation. This was successfully done by central-
izing the production of test support requirements

documentation for all S8POs.
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CHAPTIR I
Ii!™RODUC PION

Research and develonment (R2D) is unassallable in
its immortance to, if not tue “eystone of, teehnoloricel
nrorress and militory nrenaredncss,l Jithout a contin-
uingz and virorous nro~ram in RED it ias doubtful that the
United States (U3) ean maintain a nosition of suneriori-
ty or even warity with the Unlon cf Soviet Socialist
Remublies (USSR) 4n the area of militery strategy and
canztility. Yet much to the concern of nany iovernment
end military lesders we find thnt the wholé area of R&D
annears to rcceive less than its share of attention.
Prior to 1964 the United States svent more on military
rescareh, develonment, test, 2nd enzineering (RDTEE) .
thsn the U353k, Since then the U35R has snent as much;
end »robably more on military DA than hae the United
Stntes., The move surnrisine fact is that since 1952
there has been a steady 2ecline in US military RDTEE
exnenéitures.? lisny »ossible reesone for the decline in
U3 military R&ED funds exnended (i.e. Viet Xem War,

oressing Joucstic problems, etc.) micht be discussed



howeve?, that is not the onurmose of this naner. It
suffices to say that RZD goes on in the United States at
a decreasine rate of exmenditure, our rate of inflation
costs continue %495 rise, lenad times for svstens get no
shorter, and ve erre st111 foced with nilitary threats
and other urgent 214 unanswered reguirenents. Some
measure of the imnortance of RD ean bde reslized from
the fact that durine fiséal year 1989 the Air Force
Systeuns Cormand (AF3C) will soend about 30 nercent of

the tot2zl US Air Foree (U3AF) allocatinns.>

Statement of the Prohlen

Lyen at reduced rates the US RAD »rozrun ie exnen-
give and 1t evoesrs that R?D funde wil)l be no more nlen-
tiful in the future, than they are gt this tine. Fronm
such a eituation comes the -roblem t2 e discusied in
this vnaner, It is this: 1s the cost of R&D testing of
space 2nd wuiselle systems too hizh under the "Systenms
Manégement" ammrdach and 1T so, how can it be redueed?
It is obvious that this maner e¢an only sddress a smsll
facet of the totzl "lack of R&D funds” problcn, the

exact linitations will be discussed later,

Cbhjective of the Rewort

The overall objective of the revort will te to
3 :



recomrend certaln svecific System Prosvanm Office (320)
management or orocedural changes Lhat misht reduce the
total cost of testinz snace and nissile systens. Such
cost decreasing or effectiveness increasing suggestions
will te baced on a study of the testing nhilosophy,
orocedures, snd methods under the S?0 nmanareneant coa-
cent. The renort will have subohlectives of attemnting
to voint out nrohblem arens, that if rlleviated could
enhance the test vrozcram and hovefully result in a re-

duction of the testingz cost.

Hynothesis

The hynotheais of this study is that: the ovemll
cost of the RED testing of snace and miseile svetems
under the SPO mode of test oversation can nossidbly be
reduced by modifyiang the traditionnl or, at least,
nresent SP0 way of doing his featlnc. In seneral this
nodification would be a move towari greater use of
functionzl sumort in the RSD test cvele. Such chanzes
might inclu?e:

8. Inecreased staff sumnort in the »revarations
and review of 311 nlans involvinz test in an effort to
increese the ovempall aquality of the »lane.

. Consolid=zted levying of all test supnort

3



requirements to insure timeliness, etandardization, and
correctness of needs.

c. Consolidsted review of 3P0 need and uce of test
facilitics to insure future avalladility and more
efficient use of existing facilities.

d. Closer and imoroved SFO0-Aecrosnace Test ‘iine
relatiocns to enhance test success 2nd efficiency.

€., Cross=fertilization and exchanaoe hetween SPOe
fof the exneditious solutionlof ¢omon »roblems,

f. Movenent orranizationally away from striet
SPOs tn = creater use of funciional mits (i.e. service

staffs) to sumiort several SP0s.

Limitations 2laced on the Stuly

lany of the stuilv linitationes have alrendy heen
gllujed to in oreczdine sectionsg, Linitations will be
nleced on the study to9 have a2 manazcakhle subject in
time end scone; therefore, resulting in nore s»neeialized
recomendations than from a broader survey of the sub-
Ject area. 1In sunrary, the 1limitetions nlaced on this
study are as follows:

a. Only R3D test matters will Ye conceidered,

b. Only the test of snace and missile systens

wi™1l be discussed.,



c. The nrime area of concern will e the noliey,
organizntians. tnd manz2cemnent associated with this teat-
inz. TMeehnical testing nrocedures 2nd asnecte will not
te inclnded in the study,

d. The review will cover only USAF [basically
AF3C's Snmce and 1fissile Syvatems Oreanization (SAHSO)]
nrorrauis,

e. The study will be restrictecd 40 wuncleseified
asnecte of the field,

Asgsuantions Used in Conducting the Studw

Ar2in, in order to have a manazeahle suhject nmany
ceavrmilons as to the emition, 2nd continmine condi-
tion, of “he "real world" have had to be made., The
iMNlowinz Liste thene assumtions,

a. =Zxiasting or nvwesent orranizatims involved in
systeme nmanarement and testinz (AF3C Headouwarters,
34li30, aeroenace Test Wincs, Test Ranres, ete.) will
continue as nresently onerati:g into the future.

b. ttennts *o cut ihe cost of teatinz will con-
tinue to be a desirea®le en2 and RED funds will continue
40 Ye in short sumly tecaize of thc Viet !'am Var or
othecr hirtepr noational oriority onrosrans.

c. The vast imortance »nlaced on R&D to maintain

S




the pechnological growth of military capability will

not diminish.

d. The future will not bring on the need to go
into "erash" devcliopment efforts {i.e. th: Interconti-
nental Ballistic Missile (ICRM) and Intermediate Raugc
Ballistic Missile (IREM) developments in tuc nid and
late 1950g] to come up with radically nev snuce and

misslile systems.

Orpanization of the Study

By necessity of thls subject, this study will
follow baslcally the descrivtive analysls anproéch. A
review of the literature on the subject of cost of
managing (not Just dollar const in direct teras) R&D
test reveals very 1little vnast study or voiced enncern
over such a problem. There has beén a concern exnrensged
on the short comings of the system managencnt anoproach
and this will te diascussed. Until 1945 vwhken larpge Viet
Nam War exnenditures started, R&D funds were not in
such shortage as today, therefore, untll recently the
1mp6rtance of this vroblem literally d4id not exlist or
have the magnitude 1t does today. The statement that
such a problem even exists may be somewhat subjectlive

and perhaps academic in that reduction of cost could be

6
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;aiq"ﬁo alwaye Be én objective. 'Yet if 1t 1a'ham1tt?d
that a continhing need (and not a éecreéeins one) exists,
and that‘fuado for such R&D are limited,. then tho ,
object1VL or redﬁglnr cost of R&D test or at least

attemptirg tc get as much for the toat dollar a8
1

. poeaible, takes on a new. 1ncrensed. and not so aOademio
dimcnsion.4 ‘In lmrac most of the evidence uned in tho
staﬁv will be rclated from the direot expcrienoe of the:

author. Thls wilr be contrasted to 3905 management '
princlpleq. techniouca. and rundaﬁéntala and ‘Juet plain

| convon senae to sec if, 1mprovdmenta }n tho R&D teat
aituation chn be' made. Tho repcrt w111 cansist of’fivo
additional chapters, Thase'will deal (1n tum) with 1)
a'brief introductory dlacusaion of what RaD and R&D:
thting actually involve; 2) a description of R&D testing
‘4n regard to the orgunizations involved; 3) h&ehlighta of
‘present testlng management problem etistius in the SPO
envlronment 4), followed by an analyaia of the problems

‘and SPO or project management disadvantages in eeneral;

H

i [ ) i
~and 5) some conclusions and recommendations in regard ,
]

. to ‘this ana}xsfs; ! ‘ ' .

!
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CHAPTER II

R&D TESTING OF SPACK AND MISSILE SYST..S :

TPO'Surpose of this chavter 1s to outline the
inportance Qf R&D, 1&ED teséﬁnp; and in genecral what 1is i
[ involyed inlthp'oroceﬁm.‘ This overview or further

ihﬂroduction 1s decmed neceséary to wroverly 1lay the ]

: g?oﬁnd wo?klto=nlacq the »nrnblem being discussed as a
; subject 0f thias naner in ﬁersnectivc and further explain
t | the R&D testing situation, 'It 1s not the intent of thisg
bhanter (or this bqﬁer) to nrovide an exhaustive treat-
] ‘ . nment of USAF gystens maﬁagemcnt procelurecs s exnounded
! g in tre Kir Force 375 series of rceuliations snd manuals,
However the sallient énd necessary fteatures of systems
' management will be related in this and the following

chapter as they bear on the oroblem discussion.

i ' ' 'Importance of Rescarch and Dcvelonmnent

2 TR ' As was indicated in the introduction, orocress in
I A | 'all fields is largely depéndent on a continuing and ;
vigorous R&D program. :Although this statement may

apoear to, be self evident the USAF has seen fit to

! |

' . 8
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exprgas their concern over the continuatlion and impor-
tance of R&D ns a matter of printed policy. Without
regorting to paranhrasing this nolicy 1s offically
stated for rescarch svecifically and R&D in general as:

Conduet and supwort a broad and continuing
research nrograsm In all areas of sclence and
tcehnolopr that hold seientific oromise of
ceventual Air Foree exnloltation. Although
reseorch ig not mnenabhle to solving svecific
operation:1l mission vroblems, it shall be
oriented and controlled so that it will
emohasizec the scirch for knowledge in areas of
greatest notentlual interest to the Alr Force.l

Contimicd improverient in our military capabll-
ity 18 oseential to sustain our military
objucttve of deterrence and to generate the
capaclty for a flexible, swift and controlled
regponge to apgrecsalon. Continuity 1s essential
to the successrul conduct of R&D. Sustained
R&D sunmort will rcsult in increased effective-~
ness and cconnuicn in military vorograma. The
AF R&D program will exnlore the moat promising
avnroaches in sclence and technology. This
progran vill be designed to maintaln a guperior
technological base which will facilitate the
develonucnt of nllitary systems that can counter
any threet to our nstional security. The prin-
clinle tasks are to supnort the develomment of
systema and equipment to satisfvy current re-
gulrements and to provide a wide range of tech-
nological options for use in bullding a future
Alr Force inventory.?

From the above it 1a easily seen the Aimportance
that R&D has recelved at Headquarters USAF level. The
Alr Force of course does not perform R&D only, or juat,
for R&D sake but with the intent of answering an oper-
ational need or to v»rogress the state-of-the-art across

9
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the gpectrun of develouwnent efforts. This is to say
‘that depending upon the need and urgency of the need,
R&D may fall into several categories (or a spectrun)
starting with basic research folloved by exnloratory
developnent, advanced development, englneering develop-
ment, and operational systcm deveIOpment.304-5 This
paver will deal with testing resulting or as a part of
the latter three categories. Basic research, *the prime
purview of the Office of Aerospace Research (OAR) will
come into the realm of this paver when testcd as nart
of a svace launch, i.e. OAR's Aercsvace Research

Support Program.6

Rescarch and Develovuent Testing

S e Tl

R&D testing is that nrogran or undertaking which
is intended to obtain, verify, and furnish data to be
used in the evaluation of the R&D item in question.7
The primary objectives of R&D testing briefly stated
are to:
a. Verify accomplishment of develonment objectives.
b. Check fulfillment of system requirements.
c. Obtain as best possible an estimate of actual
- performance expected in overational use.

d. Discover any deficiencies or corrections

10
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required before going into proﬂuction.a

R&D testing 1s subdivided into Cfive main groups
according to the level of testing performed.g These
as categories corresmond to the degirce of development
toward a complete or operational syaicm end are as
follows:

a. Category T - Suhsystem Deveclopment Tcst and
Evaluation. This category deals as entitled with sub-
systems, that 1s, components whicech wren vul togeyher
make up the total system thut the varticular program
will result in., These tests are, 'u the maln, accom-
plished in the facllity of and by the contrzctor which
is on.contract to deslgn and vroduce the sysctem. Such
tests while of intcrest do not normally fall into the
purview of this paper.

b. Category II - System Develooment Test and
bvaluation. Again as the name implicss thils category
of tesat involves teating of the complete syastem. These
development tests evaluate the integration of all sub-
systems in the operatiornal (or final) configuration as
much as wossible. Data as required will be gathered in
order to evaluate the performance of the systenm against
required specifications. Category II tests are an Alr
Force effort and will be asslsted by the contractor as

11
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needed., It is this category of i&D test with recpect to
the léunch of missilles uand space vehlcles that anovllies
directly to this report. 3Such tests althousn not in-
volving an actual launcﬁ, ‘but in a sunwori or assocluled
role, such as: prelawich tests, rccovery operations,
orbital support or suwnoct of a sccondary (or "vigey-
back" as they are often called) nayload relate equally
to the dlscussion of thie study.

c. Catepory III - System Cweratlonal Test andg

Lvaluation., Category III testliug i1s the final phase
of testling under the systems management conceont and
involving the 3P0, Category III testa are performed by
the operating (to be differentiated from thce develop-
‘ment agency as representcd by ihe 520) agency such as
the Strategic air Comnand (SAC) or Tacticel Alr Command

(TAC) and involves the vnroduced or operational system.

Data 18 acquired to eontinue deteraining the cavabllli-

ties of the svaiem and to discover any deficlencies
that must be corrected by the HI'0 in subcequent produced
items. 48 micht be correctly assumned the 3P0 rolc is
one of observer and normally the management of Catecgory
III tests will not be of major concern as rcflected in
this paper.

d. Demonstration and Shakedown Overations (DASO)

12
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and Follow-on Development Tost and Evaluation. These
1ual two areans of testing are listed mainly to complete
vue discusslion develooment testing cvele. The first
area 1s performed after Category III tesating, by the
operating apency, and to continue evaluation and training
of operating nersonnel on the operationsl system.
Follow-on testing is concerned with the revalldation off
the system when undating changes have been made.
Normally neither of these test categories will be of the
magnitude interest-wise that category II tests were,

In the event that the SPO becomes 1ssponsible for follow-

on tests couauenls in this paper will aoply.

lidssile and Space Vehiele Testing-In Summary

At this voint it is worth while to sum up the
previous comments in regard to the testing of missiles
and snace vehicles. 8ince this pvaver will deal with.
test vrocedurcs and organlizational arrangements in the
next chaoter, these ltems will 6n1y be briefly mentioned
in this summnary. The sltuation under discussion at this
point is concerned with the test (launch) (primarily
Category II) of complete missiles or space vehicles
(voosters, suborblial probes, or satellites) by SPOs

at or on one of the hational Ranres. These ranges

135
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include for the nurnose of this naver the AF Eastern
Tent Range (AFETR) Patrick AFR, Florida, the AF Western
Test Range (AFWTR) Vandenberg AFB, California and the
Pacific Missile Ranre (U3 Navy operated) at P+4. iluru,
California. The actual act of testing follows a loxical
gerics of steps beginning with test nlanning to decide
what measurements must be made, how many tests arc to be
conducted, the flight profile to he flown, and when the
tests will be made. This planmning is then translated
into requests for supnort and submitted to the sunnort
agencies. The 5PO 1s rosnonslble 10or the nreparation

of sumnort rcecauest documentation, following nrescrihed
formats, and introducing it into the nroper organizatlonal
channels. Normally day-to-day liason between the sun-
porting range and the 320 is handled *hrough the SPO's
test representative in the Aerospuce Test Wing located
at the test site.

The inmportance of proper vlanning for the test and
the timely and correct nrevaration of suvpnort requests
is paramount to successful testing and the obtaining of
data that allows for the intended system nerformance
-avaluation. When literally nlllions of dollars of
prior R&D hinge on the success of a test 1t behooves all
to insure that all possitle stevs have been taken to

14
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muxim{ze the outcome of the launch. The test in question
in tho culmination of many ycars of research, design,
aubsystem testing, und in cceneral the proof or verifica-
tlon of «ll the wrior vlanning. The seriousness with
which thc Category II test is anproached must corresvond
to the navoff exnected. It 1is obvious that to achieve
thls succeas a1l orpanlzatlons must work in close harmony
and understanding., Comnunication 1s crucial in that test
supnort nceds must be proverly planned in the firgt
place. They must be correctly stated and transmitted

to the test supvort agency in a lansuapge and format

that 1s stondard and understood and then the test

supporﬁ agency must nlan the actual suvport of the test.
Lach of these proccsses must be completed without a

hitch if the imoortance of R&D and tha minimization of
test costa are to be achicved.

Thls overview and background of the imnortance
nlaced in R&D and ithe culmlnation of the R&D in the test
pragse should have layed the ground work for moving on
to a review of how the mlanning for test support is
actually accomplished in the "real world". The follow-
ing chapter will dlscuss the R&D testing of missiles
and spacc vehiclecs in the systems manasement/SPO

environment.

15




CHAPTIR III
R&D TiATIKG IN THE 5PO ENVIRONMER

The intent of i1his chanter 1s to review and relate
how R&D testing (nrimarily Category II for this naper)
18 accouplished with the 520 and systems manapement
annroach »r concept. Although narts of this narrative
may awncar to be overly eritical, such 1s not meané to
overly criticize svstems management out 1s glven only
in an attemnt to imnrove on it. The object of the

report 13 to highlight what the author feels are areas

of concern in how the SPO 1s presently dolne his testing
business., Further elaboration on this belief will be
provided and become obvious In this and the next chavoter.
Systecms managemcnt as used in the context of this
paper, znd in the Air Force in general, implies the
process and use of a svecific organizatﬁon dedicated
to the obtaining, acquiring, or oroducing of a specifiec
system. Such an arranremcnt is usually superimnosed on
a more traditional line-staff and functionally orientedq
organization with the ourpose of managing a specific

item rather than several itens slmu’].taneously.1 In

16
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theory.the svatems management office (or product or
projcet office as they are also often called in indus-
trial circles) draws its manpower and much of its day-
to-day supnort from the varent orzanization and at the
comnletion of 1its vroject 1z sunnosedly dissolved and
personnel are returncd to thelr old Jobs. The systems
manazer uses the interdlscinlinary anoroach to manage
all aspects of his egystenm from nlanning to comnletion.
He theorctlically has all the tynes and varieties of
talent and expertise at his fingertips, if not under
bis direct control. The reason thai the systems apvroach
was adopted waa the necessity to cooe with large complex
high vaiue oroJects that had aspects cutting across all
functional lines and t2 many organizstions outside the
parent organization.2 Within the USAF, systoms manage-
ment got it: real start in the mid-1950s during the '
“erash" effort to deploy an ICBM system. With the ICBM
we had all the aspects of a vroject that systems manage-
ment was designed to handle. From the management
efforts on the ICGM evolved the vresent systems manage-
- wment structure that makes up todays SPCs.

The remainder of this chapter will deal with those
agencies and organizations tnat come together in the
520 systems management arena to perform and support R&D

17



testing. Of prime concern ani to be discussed in the
followlng order are the 3P0, the GPO's parent orguniza-
tion, the Aecroanace Test Wins, and the Test (suvpsrt)
Range. These alony with the SPO's contructor(s) make
up the R&D test tenw. Xach will be dlgcucsed as to the
nart perfovmed in the test mission and how they aull fit

together to wpct the jJob done.

The Sveten Propram Office (520)

"The 520 1s the central organization in administer-
ing systems managencnt in the acguisition of new svetens.
The 820 is firet formed as a cadre during the early vart
of the conceptual phase of the weanon system acqulsition
cycle3 when the Devartment of Defense (DaD) and Head-
quarters USAF have avoroved thc annproach and need for a
new syste:n.br The 5P0 cadre performs the early nlanning
at this time that describes the system to be acquired.
The Preliminary Technical Development Plan (PTD2?) is
one of thecir first documents that comnlectely outlines
the tests that will te performed. During the Contract
Definition Phase the now fulflcdged 520 sclects the
acquisition contractor and pvrepares more detalled
system nlanning documentg. The third phase, acquisitlion,

1s where construction of test hardware and writing of

18
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test nIIna hegins in earnest. It is during this phase

I i

that Cntevory II testinﬂ 1, norformed.- ' .

The organi7uflon of thie’ SPO. follows a standard

pruucribei DﬁuLCPn (sec. Figure l) nade un of enginQﬁring.

I !

.program control test and deployment, configuration

{
managcmvnt, and nrocuroment und nroduction offines.

The SPO is to be mannod only: to accomplish esqential '

.nianninp. directing .and controlllng to fulfill anproved

program requlremcnts ttrouphout the. propram 11fe cycle .
[ ] 0
and will use staff sunnort of pnrticipating organiza-

tionsa. and nther aoproﬁrlnﬁe dapabilities;to the maximum

{ .
and Devloy-
I

pxten‘q.5 Within this orsanization the Test

ment Divinion‘is reanvonslible for the deveIonnent of

i 1

.- test vlnns, ooordination of available test resources

fron test agencles, and mdnaaemont of Cateporv II |
tests.( T !

"All SPO produced dcvelopment plans dedcribing the ;

comdlete system 1life cyele will have sections outlining
1 !
the resources needed to support tests and a statement

' ' f !
I !

. ! ' ! , ‘ E
will be obtainei from the supnort agency’ indlcating his

capablility to aunuort the testa in the desired time .

e

perloi. ,Nhen t.he comolexity of' Catewory II tests is

cons;derpd it 1s evident that: the establishing of sound

teat requirementq at the outset cannost be over empbasized

i : ! i
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due yo {he vossible impact that supnort will have on

- conts, schedules, and fucility necds .9 Specific volicy
has been onublished on the develovment of test support
needs, this is:

In the interest of economy, existing test facil-
ities, test equinment, and cuwmabhilities will be
used where possible, instead of develoning new
Tacilities, test eaulvment and capabilities.

To the extent practicable, the most reslistic
overation:l environment attainahle will be used
for develovasent testing, Testling will be con-
solldated when feasitlc, to avold duolication.
Test dats available from other sources or obtain-
ed during carly stages of develomment testing
will be used to the maximum.l

“ Test nceds must be intellierently cvaluated, vartlicularly
% for consntruction, due to the lead tine necded for devel- :
]
opment or schceduling of government faucilitlies. Capa- 3 l

a= bilities and facilities that exist for testing must be

known and uscd. The 3P0 has heen instructed to look to

his narent organization for assistance in vlanning for

test facility r-equir-ements.11 ‘ f L
Once the 5PO has decided what his test sumport

necds are he must document hils requirements to the test

supnort agency, in thils caze Category II tests to be

suonorted by one of the National Ranges. Each test 8

requirerent must be documented for good management, and

the format of the test documentation should be standard-

1zed to inclulde all essential data.12 Each range has a

21
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series of time vhascd formats (normally referred to as
range requircments documentation) that are used by the
SP0 to displav his requ%rements for test sunoort. In
the early phase of program nlonning the document sub-
nitted 1s brief and introductory in nature. The firat
document 1s called the Program Introduction (PI). This
document alerts the range that future test supvort 1s
likely an? nrovides them information to gain some under-
standing of the test sunnort needs. Once the test
program becomes better defined a more detalled document,

the Progru:n Requirements Document (PRD) is produced and

forwarded to the range for their review and prenaration
of equully detailed ranpe test supvort plaas. The PRD

- will he a 3Jirect reflecction of test data, fTacility and
other suonort necds as listed and outlined in teet vlans
produced by the SP0's contractor. The final nhase of
teat support requirements docunentation is the Operations
Requirenent (OR). The OR is issued just prior to the
teat and containsan even greater level of detail than

the PRD.

Prior to mid-1966 the 3P0s in SANSO were nrevaring,
or having orepared, PIs [or Planning Estimates (PZs) as

they were called prior to 1968) and PRDs on a SPO-t0-SPO

basis, some by the 520, some by the acquisition ‘
22 i
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contr§ctor, eomevby a not-for-nrofit contractor such as
the Aero¢mace Corooration, or even some at the Tield
level of the Aeronnace Test Wing at the launch/test
site, Test sunnort req&irements docunentation nrepared
on such a decentr:lized and hanhazard hasis, although
conforning to the systcms aporoach of each 3P0 doing

his own Job in his own wav, lent little to standardizedl,
timcly, saud high quality products, Very little thorough
staff review was tade of system test plans, development
plans (i.e. PTDP and subsequent documents), and other
tost regquircments or test facility olans. The following
gection will describe au exverimental office that was
set up to make s radical change in this 0ld way of

. perforning test vlanning and to try to work out asome of
the Juat related problcms.

In leaving the OPO womentarily let it te sald that
each SPO operates enlarge indenenlently of other SPOs.
This 1s basically intended yet 4T one considers the
mutual problems that simnilar (space or satellite) SPOs
face then 14 1s anwparent that a lack of cross-fertiliza-
tion ani duplication of effort could result. Each S0
develons what is c¢1lled in the business as "tunnel

vision", he only sees and drives t5 his own objective.

As will be described later, this lack of across-the-SPO
23
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superyision or lialson br staff or line alone cah in
many instances lead to incfficlences that the very SPC

was sct up to avoid,

The 9P0's Parent Orsanization

In the case in study the 370's varent orpanization
18 SAiG0, OBAR30 is an egulvslent of a produet or devel-
opment divigion and operates under the conmand of the
AFSC. This scetion will diacuas S5AiC0's involvement
(over and above the 5PO) in the test nrocess. An orpan-

ization chart of SAMSO is included ~8 Flzurce 2, On this

chart certaln key S5POs and other offlices have been hion-
lixhted Tor use with the following discussion.
The miassion of SAI'30 is as follows:
Plans, »nrosrams, and manares system nrosrans to
acquire qualitalively sumecrior si-~ce and wmissile
svatems, AGiK and other subsystems, anl related
hardware; orovides for the activatlion and alter- -
ation of migsile sites and pround launch facil-
ities; performs the functions of launch, on-
orbit trackine, data acoulsition, and comrand
! and control of DoD satellites; and eflects
recovery of various swace packages. 17,14
i It mirht be assumed that 3A.430 manares the SFOs
assigncd to 54all530, yet in practice each SPO 1s quite
autononous and ineffect answers litecrally directly to
‘the DoD Deputy Director of KResearch and Engineering

(DDR&X). There is no doubt however that the reason for

24
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BAM30 exiutence is to supvort the SPOs from the system
concopi fornulation hy the Dircetor of Develonment
Plans, launch onerctions by Lhe Aerosooce Test Wines,

to the monitoring of construction of new test faclilitles
by the Director of Civil Iknyincering. Yolicy reads in
Systen Propgram idanvroasnt Proccdures that: "All orpune
lzotional clement.s within or funectionzlly related to the
SPO will adhere to und support the implementation of the
system program monagcncnt process."15 This policy of
parent orgsanization staff and line suvovort of the SPO

is Turthere .oplified in AF3C's System Program Office
kanual., Of anecific interccest and apolization to the
diccussion In this raner 18 the sugpested uce of a
gervice ctaff to perform vooled tesks for all SPCs,

The following listas this guidance.

AFSC Gystems Divislon Steff Organizailons.

Division staff elements are those which have
resnoniibility for providing advice and

assisntance to the commander. In relsation to

the 5r0, staff Tunctions are often two-fold:

to advivo end asalst the 3P0 regarding voliclcs,
criteria, methods, and proccdures develoved

locally or directcd by hicher authority; and

to nerform_snecifie functions for or in suonort

of tle L20 where dDObilluiCS hae teen mooled

to corve divinion wide ‘and must be resvonsive

to the syntem vwrozram director. [under line
added)

AF5C Systems Division Line Organizations.
Division line elements are¢ those which have
the responsibility, authority, and

26




acountabllity for nrimary divislon objectives.
In AFSC cvatems divisions, the line elements
consist of the SPOs and certain specialized
teehnlienl functions such foreirn technology
and eivil enpineerine, These latter orrani-
zutions furmish swceific operational suonort
to the 5P0s and sasunro educution in the areas
of' their .qnecialty.lb

IT the SP0 is to accommnlish the complex task of

sycton manarement the System Proeram Divector (SPD) and

his 8P0 personnel must look to many outside agenciles
(outside the 5P0) for suvnort. Only by continual coop-
erztion and jJoint effort between the SPO and supnort
agencles can the EPD achieve hils misslon.17

The 5P0's parent organization will normally have a
wenlth of background and depth in matter of great
importance. These may be in solutions to techniecal
deaign problems, supoort in research areas, and special
knowledge on nrocedural matters pertaining to systems
management itself, It is such an area that the SAMSO 2
commander orranized snd staffed an experimental division
within the Plans and Onerations Office to oversee the
functional area of 3P0 R&D test of missiles and space
vehilcles on the National Ranges.,

As a test case this division (originally called the

Test Operations Division and recently changed to Opera~

tional Systems Development Division) was given the job

27
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of revjewing of all SP0 teat plans and develovment plans
in the area of range rcquirements and National Range

test support. To insure that its guidance was carried

out the office was alego charged with consolidating the
physical preparation of range test supnort documnentation
(PIs, PRDs, and all revision thereto).l® The office wae
also charged with staff review of all reonge (miusile
flight) safety matters and renge instrumontation nceds.
In short this small offlce (approximately ten officers
and two typists) was intended to provide a service staff
in a functional ares (range test suuoort) for all SAMSO
8rOs, The intent was to ceutrulize the function, stand-

ardize proccdures, and provide for SPO and range slike

one office or a central-noint-contact for all range
matters.

As might be assumed the relinquishing of the work
previously done by the SPO (or elsewhere as previously
stated) was not done without resistance to change. One-
by-one the various SPOs were essentially "won over" when
they found that the service was being conducted in their
best interests, that they could expec’ timely service

and that the product was consistently superior to what

they had under the previous mode of ovperation. The case
of the preparation of range test supnort requirements

28
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ducumentation (of uaceh the suthor wes direotly in
charg05 involved the collation from whatever sources
available, tost reculrements that were valldated by the
300 then dioplayed onto the prover renge docuncntation
format. In approxinntely two years of work (mi1d-19€6 -
ni1d-1968) all 54130 S20s were incornorated into this
procedure and over 40 different orograms were teing
scrviced., The derrce of success that thie office
achieved ig difficult to measure, yct 1t was cstablished
that documcntation of a higher quallty (accuracy.-
validity, and standardized format an® terminology) and
more timely nature (shorter preoaration time or with
more time nrior to test) was being vroduced. Similar
advantaccs vere becing acerucd 1n the areas of range
safety and teat inctrumentation,

At this voint it is best to leave thls partlcular
discusslon, as more will be included in later chapters,
and nove on to the final two members of the test team.
These two, the Aerosnace Test Wing and Test Range are
moat important since they actually become involved in

the actual conduct and support of the test.

The Aerospoce Test Wine (ATV)

The ATW is the prime S5P0 test representative at the

29
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test site (Test Range). The only reason for the ATA's
existence is to nrovide on tho sovot dav-to-day field
management of the actual harévare tcstn. An organiza-
tional chart for the 6555th ATW locatod at the AFETR is
shown as Figure 3. The other ATV, the 6595th ATY, is

located at the ATWTR and has similar dutlcese and 1is
organized in a corrosponﬁing manmer. The 6555th ATW is
charged with the launch of all Minuteman ICElMs, Atlas
boosted payloads snd Titan II1 boosted payloads fired
for the USAF on the AFETR. Referring to Figure 2 it 1s
found that the 6555th ATW is organizationally in the

chain of command under SANSO,.

In the area of interest of this report it is found
that the 6555th ATW also uses a sinegle or central-voint-
of-contact to receive (primarily from SAM30) notification
of new test workloads. When the SAMSO Tes* Onerations
staff office prepares range test supnort requirehents
documentation on an approved SAMSO (SPO) »rogram it is
signed by the SPO Test and Deployment Division. This
signature certifies that the requirements stated on the
docunent are valid. The requirements document is then
forwarded to the 6555th ATW Plans and Requirements ]
Office (the ATYW central-point-of-contact) for furthqr
staffing by the applicable launch division before

| 30 |
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' submission tS the Test Rahge for supnort nlaonning.

Furyhof investigation into the 6555th ATW organization

reveels 'that both the At;gs end Titan III launch divi-
siénm‘serve coveral ﬁnyload end hooster SP0g located at
SAMSO. ‘Thus between the AT Plons and Requirements
(staff) Office and the launch divisions we find a further
nmovcment f;om tke strict SPO dca}cated or aystems manapge-
ment dppronch to g cAmmon Eervicc or more functionzl

I

approach.‘ '

Tho Tert (National) Ranre

To caﬁ off this discussion of the major organiza-
tions involved in ﬁ test of d gpace or minssile system
the Test 3ange will now be revicwed,
r .The Tcst ﬁange:is esgentially a facllity to nrovide
a location to bprensre and launch the narticular test
vehiéle and to gathér whatever test data is required to
evaluate the' test and the test ltem perfornnnce,19,20
The ranges onerate nuncrous sensing systems (radar,
telemetry, Optiés,,etc.Z'which gather the desired data
for“delivqry ?o the SPO and hic contractors. The tvnes
and degrce of supnort,or.the'test is as requested in the

previoqsly discusced test support requirements documents

(PI, PRD and OR).




o operate on the central-point-of-

The Tcnt Ranges nls

conﬁuct principle for test worklocd coordination. Refer-

ring to the organization of the AFETR (Figure 4) and the

AFATR (Firuve 8) the Plans and Reguirements (staff)

Offico 1s the initial contact point at each range for

new work (tcast supvort requents).21 At the AFETR respon-

s8ibility for the PiD and OR responses shift to the

_Dircctoraote of Ronrre Operations, 8till maintaining the

j1dea that ot any voint in the program life cycle there

s only point of eontact for the requirements. At the ,

AFATR the Plous and Requirerents Office orepares the PRD

reasnonse aud the OR responsihility 1is transferrcd to the \

Directorate of Rancc Onerations. Repardless of the

differences, the principle of single-noint-of-contact

for each situatlon in retained.

At ench of tho offices (or points-of—contact) dis-
cussed above a consolidatlon of 1like jobs for all test
apgencies (SAlSO S10a/ATW belng Just gome) has been per-
This ection simplifles procedures and adds much

forned.

efficiency ove™ any operation that would be fractionated

by 8POs.

Tho Teat Teanm in Perspective

The object of this chapter has been to trace the
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path tqken by test range support roquirements documenta-
tion from 8PO, throurh the SANSO ataff, to the ATW, and
finally to the Test Ronwe, The orime thourht at this
roint is that 3P0s are orpanizcd basically as almost
autonomous organizations in contrast to their more
functional parents and sunmmorting arencics. wWhen tha
principle of single-noint-of-contact is anpliod at the
Test Range and ATW, then the SPO narcent is faced with a
problem in matching tho fleld to prevent the confusion
of each and every SPO going separately to the field for
each test requirement action. It was found that by
removing certain functional Jobs from 21} SP0Cs and con-
solidating them at the staff lovel of the SPO parent
organization that many benefite of standardization,
quality, and timeliness resulted. Frcn almost an
important point of view the single-pouint-of-contact
princivle was extended one morec step and in effect the
8P0s had one voice (channel) to the ATW and Test Ranges
and vice versa the Test Ranges and ATVWs had one voice to
the SPOs in these particular test matters.

With these and the previous chapter as background
and explanation of the test situation the next chapter
will address additional management problems encountered
in the 8PO test environment.
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CHAPTLR IV
3YOT. PRCGIMIY OFFICE TiBT PRCBLEM AREAS

The object of this chanter is to continue the
discuussion of tle traditiopal G20 mode of test manage-
ment and to describe cortain continuing problem arcas
sosoclated with that method of doing business. Again
1t should be stated that the over-all intent is not to
"teur down" 570 or gystcmns management but hopefully to
1dentify certalin ercas which Al changed could lncrease
cffcctiveness or lecssen the cost of test overations. As
has been implied before, the accomplishment of these two
objectives (increascd effectiveness or less cost),
particularly the latter, may be very difficult to
mcasure, vsnccially in dollars and cents. The object is
to in general devise a better way that has less sncgs
and has a greater ovor-all chance of conslstantly being
succossful,

Systems managemcnt 18 no doubt here to stay, as it
probably should be, and will probably continue to be
used in applications where it 1s best sulted, its
over-all advantage of clarity of purpose (mission) is
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difficult to match on programs of major magnltude.l

Yet eve}y organization or management, arrqngoment can be
improved upon and the perfect one has yct to be devised,
The following problem areas (in only the small area of
test) have been taken from the author's daily contaot
experience over seven years with SPOs from the vantage
point of the SPO's parent orgunization (S8ANMS0) and the
Test Range. Many of the problems in the following
discussion overlap yet they will be discussed separately
to emphasize each particular point. The greater nanapge-
ment implic.i.ions of these and the general SPO/systems
management concept will be deferred to the following

chapter.

A Costly Wav to lanarge

The SPO rorm of management is inherently an
elaborate way to menage and acq&ire systems aa it spares
1ittle in the extent of the organization. The 3PD has
great authority and has a 5PO which is equipped with an
extensive array of talent (engineering, wnrocurenent,
administrative, sclentific, menagement, etc.). When
used in its unadulterated form the S0 1s extremely
autonomous in its striving to complete its ascigned
task. The SPOs as originally intended relied on few

outside of its own talents and that of contractors
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under dircet control. Policy presented in this paper of
a morc'rucunt nature has hLeen to modify the 8PO's
indepcndcnce and nlace groater emvhasis on review and
sunport by other levels 6? nanagemeat end functional
arcas of' the narcnt orranivation.

As mnentioncd vefore, nratems manapgement (and the
SPO coneint) firat came into its oun was during the
"erush" "woney's-10-ohject" misslle development effort
of the mid-19%04. COrantcd, vhen we have a highly urgent
need of such mt:unitude, wve will and must do anything and
everything un find & solution. If the method doesn't
include the nicatics of manopgement and disregards coats
in tradec for c¢fficctiveness, then no doubt it was
necessary. OSuch a need 1n not now before our 3P0Os and
to make it worsc the country seems 111 prepared to stand
the cont. Ar exnlained by Genoral B.A. Schriever, it
appears that thc short-cut costly route (with little or
no hipgher headquarters staff review) once followed
(eirca 1950 8) will be used on & very limited basis in
the future.2s?

This prohlen of lack of funds to support several
small programs (or SPOs), ns we see in the SAMSO mission,
also falls into the area of: do we have enough resources

to set up and fully supnort on an individual basis this

39
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many S?Ou? It would avpear that full-blown 8POs, for
many small programs, are notentially wasteful esweclally
if there 1s any commonal;ty hetween the programs, e.g.
common launch vehicle, flight vlon, launch range, ete.,
When onall 5POs (or wsmull programs) arc set up, they
The lack of neople

inherently have few neoole assipned.

to be expert in every area thot a SPO 1s 1nvolved creates

s a——

difficult conditlons.
end probably can't Qo

time to lcarn all the

Zach man must double up in dutles
any Justice, he just has too little
Joba,

Uncommon Holutions to Common Problems

The program~-by-pbrogram anmproach, which is what
separate indemendent 3POs imply, has a definlte vroblem
in communication between SPOs. Cross-fertilization in
technolosy must be used if we expect to anoly a success-
ful solution in cne area to another, Within the existing

gP0 structure too little "erosstalk" occurs between SPOs,

=

There 18 o great dependence on people, thelr experience,
capabilities and that of any contractors there at the

moment. Each test program tends to go its own way with
too little interchange of date and experience.4 The use

of functional staff or line organizations to either

supervise or verform the work in areas of interest

.40
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conmon to 41l SP0a can do much to alleviate this vroblem.,

The anthor hun versonnally witnessed different 8P0s

vorking on similuar nrograms (i.¢. same orbit, sanme
booster, sinilar level of technolopy) and having essen-
t°1lly the cxact same technical test problem; one was
proccedin~ in one manner, the other didn't know what to
dn, Even chough the two 8PUs were physically less than
100 fecetl erart the author hecame the technical go be-
tween., It 1s not to difficult to imarsine a very costly
r.nd potentlially tent fallure developing out of this lack

of retting wogether over common test problems.

Logt Lxncrtise

Every job has its asvects that are routine and the
same &s the last Job. The R&D field in pgeneral appears,
to the newcouer from the operations Iield particularly,
that thercare fow routine overations, no standardized
procedurcs, and a condition that is less than clearly
structurcd. Althouch this 1s not entirely correct 1t
goems 80 to most and having becn in one R&D organizstion
doesa not nrovide imuwunity to the feeling. The breadth
of different activities in the R&D field are staggering
and 4t takes & now man on the Job (regardless of back-

ground) some six to twelve months to really gain enough

4
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understanding to become productlve. The rapid rotation
of veople in and out of assignments comnounds the
problem of an alrcady less thnn elecar situation.

Each time an experlienced man lcaves the GO hils
expertise is essentiallf lost. The new man has little
to fall back on unicss 1t be the office files oy if he
iy lucky, an offlce meuber who has the knowledwe and
time to heln him through the rough period of getting
oriented. Most people learn the hard (and time consum-
ing) way, via mistakes. Thcy come into a SPO, are given
a task and with tneir comnlel» lack of knowleder and
vrocedures have a very difficult time., The test
function is verv critical in that numerous outside
agencies (such as dilscusse3 in the vrevious chapter)
have a invrind of procedures, forms, regulations,
manuals, etc. that muat be uscd efficlently 1f test
effectiveneegs, or rcduced cost is to ensuwe. It is
impossible for an Iincxperienced employee to know who to
contact, what forms to fill out, what capabllitlies 2ach
test facility has, and how he should display test re-
quirements to get hils test program going. It 1s the
author's exverience that the man in the SPO Test and
Deployment Division with adeguate experience in arranging
for test support is the exception.5 The advantage of

42
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: uge of continuing stof{ ‘suovort in this coase is obvious. g ,

i
!

Ihe ILrer of M lily Test Documentation . '
: '

t
AL wag diocussod in Chinter 3:the majority of i '

officcn recedving test sionort requirements docunentation ,

' i
; "

‘downstreenn fron the 50 (i.e, AFi and Test Range ) have a
centr:l or ainite-point~of-contnct. To eane their job '

of review and nroven ctarTing of resnonses or supvort
! t
1

plang severel things must be strived for in input

documnitation quality. ‘hen qocumentatidn is prgéared ,

f

1 1
on a iPO-by-5~0 or pecentralizcd busis for p»rogran-by-

‘progrﬁn it wild farefy rcoult in & smooth stuandard

product. koch 520 wili vie differen tbrminology, ; ,

formnt, waysiof'vresentﬁng materlaf, and level of
| detuil provided. Tt 1u Gifficult to insure timeliness
I { i

. of suomitting the documeuts to the test support agencles !
s i [

o et St Ao

e i

H t : ! L ' ’ A ' i H
since the S5PO 1icy be busy elgewhere wilth hls meager , 4 i

Il i

manpowver,

o 'Gotng beck to the original staetement, to get good

; , , . {

support the 510 must submlt good requirements. The | ' i 1]
i , , ' R ) ' ) ' ' ) ' 4

o test armency must know exactly what is asked or wanted, -

' i

it must know that 1f a certeln fequirement is presen£ it

'will be disvlayed consistontiy on a certain page in &,

] ' I
standsrd way and terminolesy. The use of correct. !
i ; i ! -
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i

pyochurqa enad bhannols,of organization with necessary
coordinétion 1p Just good manarement, yet such cannot be
‘ .dnﬂu?cd if inoexperienced peonle on a decentralized and
uncontrolled bLasis aPC.16V01VGd. The inexncrience
factor shows uy in tent docwncntollon quality enveeially
1nlthc'situdt10n that wany S20s Just have 1little real
. knowle@ge or wnderatanding of thelr actusl test require-
mcnts. As a'rebult they express them neither correctly
) or completely for the total test support nececded. The
'lack'of fime and SPO abllity’ shows up in a failure to
commuiicateé nceds in a correct and efficlent manuner.

Minimum supvort consiétent wlth test objectives must be

P asked for, nbﬁ inflated or unrealistic necds. Agaln

!
i

the use of an cfficerto perfornm this (a common) service
for all SPbs, to'1nsure'quality,'timoliness, standard-
ization, fdrmdt,.vroccqurés,ftcrminology, and correct-
' ness qnd completeness of test requifements ¢can nrove
; very beneficiai. Such an office can easily identify
¢, comzon reqpir@menﬁs between sinllar prograns and express

them in exactly the same way.

Leck of vommunication Between Units
When SPOs deal on a coupletely fractionated basis

. . on their test program it may beneflt one SPO but the

g
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ovcrall effeet for all arencles in the test team may be
less thdn ontimum, The lack of abllity and time of SPO
test personnel to oronerly address their test neceds and
suuoort impedee the flow of ecomnunication. To communi-

cote In terms of testing cfficiently one must "think

tect" not Just program. The SPO tends to undorestimate

the imnortunco that provwer (or improper) work on his
part in the test requircments srea will have in effect
on the ATW and Test Ranges, The lack of interest on i
the 0P0s nart in keeping the test amencles informed

creates a tcure, non-cooneratlive atmosphere which does

little to improve the test supnort vlanning or future '

dcallings.,

R

The test team must work on an extremely close basis
], if to be really effective. Yet thls mutual trust based

on continual faith, lonesty, and belief is not always

TR AT L ARTRARIT L + At S L e

in cvidence. The "not-invented-here" apvnroach is
unacceptable if the SP0's test is to be truly managed in
an efficient wanner. People muest talk together often

and long to work out the details of support. The 1

formal documcnts must be the best possible but they ;

form only the start and a place to meaningfully begin

discussion. The use of dedicated versonnel oriented to
test and all the minute detalls on a day-to-day basis
45
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for 0ll prosrams is one avoproach to develoninpg the
interost to bridge succcesfully the S8PO to test agency

gav.

Too i=nv Peovnle in the Act

This last section 1a an attemnt to highlicht in
another wav vint has perhsang been implicd hefore. When
each SPO or program makes all his own contacts with test
support agencies and on a continuing bosis, the test
agency is inundated (or perhaos not contacted at all) .
by a differcnt man for each program., ILach may be as
inexperienced as previously imnlied and talks in a
different language, besides not really understanding
what he needs or who to go to.

The use cf a emall central-noint-of-contact
siunlifies the nunber of people that the ATW or Test
Range need contact to inagulre about any program. It

u relieves the problem of the numter contacting the
test support agencies as well. The language will be
stondard end the centinulty of effort will result in

improved communications requirements docunentation

product and hovefully the forthcoming suvvort.

Problems In Summary

This section has attempted to emphasize the common

46
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problems observed in the SPO tecting environment. Most
test problems are brousht about when 35PX0s. operate on a
program=by-prorram basis with inexperlenced peovlo.
Another major factor causing trouble 1s the situation
where the SPO is too small to warrant a large manning
yet all functions must sometow be accomnlished. The
lack of understanding in depth of how to arrange fTor
test vie range test supnort documentation can causc great
confusion. 7This is easily avoided with pcreonnel that
are knowledgecable of proper procedures., The functional
supnort stafl has been suggested as one possible help
in this area. This office has bcen diescueced in the
preceding chaoters and will be further expanded upon

in the following chanters. The next chapter willl
specifically .~ver a management treatment of systems

management .

47
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CIAPTER V

MANAGZZENT'S VI OF SYSTILS MAT . OGMITUT

This chanter will review some of the thoughte of
experts in the manapgement field on the une of the systems
. managenent aonroach. The narticulur intent will bhe to
relatec what others sec as the weaknesses or problc
arene that one must bec aware of in using swvstems nunage-
ment and the’r suggestions on how they cun be allaviated
or minimized. The chapter will be dividcd into two main
gections the first concerning division of work with
aystems managenent and the second dealins with tlic use

of speclal functlional staffs.

Systems Manarement and Division of Work

Many organization and manacement exverte consider
the principle of division of work as one of the mog
important concepts when analyzing or setting un

organizations.l Usine this concept of divieslon of work

or devartmentalization involves oringing together under
one head a lurge amount of a svecific kind of work and
makes 1t possible in each case to capitalize on the

most effective work separation and specialization.
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Such an grrangcment also fosters economles of the
meximun use of wmass nroduction technigues arising not
only from the anmwnt of work done or that the work was
eimllay but of noust 1mvortance that the work was per-
formed with the same technique, matcrials, procedures,
and motions, 2
Organizations crected on the basls of. vurpose

(systems) have the built in danger of not using the
most up-to-date techniques and speclalties because there
may not be enough work of a particular technlcal variety ;?
to result in this efficient subdivision of work.2 The , Vi

ce of funicticnal or esnecific process departmentalization _{
normally talkes advantage of the potential of sveciallza- L
tion to a greater degree that does a "purvose" "
organization.4 Subunits of a system or vroject organi-
zation may be submerged to the point that they lose
thelr ¢ffectiveneas. This 1s particularly possible when
they are too smell to devote time and people in an
adequate amount to each and every problem.5 The large
mix of different areas of expertise necessary to sustaln
a product or systen apuroacﬁ places a definite limit on
how much arrangcment or rearrangement of jobs can be
The

made to equallze work loads between veople.

problem of over using veople may be contrasted to the

49
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danger of duplication of facilities or underuse of
equipmeﬁt within a system or product organizatlon.6

Communications is a continuing problem in all
organizations but the lack of it can be particularly
felt in the product organization. Tho lack of discipline
(1ike job) tie between pneovle in different projects
orgaenization (in the same overall organization) results
in little cross-fertvilization anong them. Thls situation
of working somevwhat in isolation, and with apvarent
1ittle concern for keceping current on or in contact.
with others in the same field but working on different
projeets, may well be the key limitation of the product/
project étvuctured organization.7 Communications of
course should not be limited to uvetween disciplines.
There is also a problem of facilitating communications
betvween the project man and any other essisting unit
within the parent orgonization. Since the project
manager cannSt afford to have a complete staff (due to
the limitation of keeping them busy in their specialty)
he has the obligation to keep open lines of communica-
tion and coordination with all supporting units.8,9,10
The need for centralized communications in a diverse and
decentralized (project oriented) organization in the
technical area cannot be overstressed.
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Project outonomy is an other danger often oxpfeuaod
by viciters in management. Vhen a subunit is given a
great amount of autonomy thie may develop into such
independence from the parent organization that the beat
intereaots of both are not being gerved, 11 Close
attention to thiec perhuans rare, but potentially unfortue-
nate sltuation should be maintained.

An interesting disadvantage of the product
structured organization involves the multiplicity of
external contacts that may be necessary if there is no
centralization of certoin functions (such as sales).
Thie condition ean be alrectly translated to the condi-
tlon of all 5208 contacting the teat agencles separately.
Although 1t nay scem clear to divide by project, the
lines of demarcation from this point bec~me increasingly
blurrcei and overlaoning. For examnle: consider the
confusion and wear out given the customer if each
product goes to hlm separately, why not send just one

representing al1712,13

The Use and Advantage of Functional Service Staffs

A functional service staff or the use of service
stalff authority is a staff group that carries out a

particular activity for the whole organization. This
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activitx has been neparated from line johs and is
performed on a centralized and controllcd basis as a
gervice to cll line units, The use of such an arrange-
nent implics that i a linec aanager requlres such a
sorvice he must go through the staff unit to obtain
the service, he cannot duvlicute it himself.la’l5
The functionnl service stafl cun aid in the
integration of talente or specilalists in a particular
area for all activities. This integration takes place
by cooperation, coordination, and control. Thla overall
communiceztion/coordination problem muri bhe solved it
speclalination is to be used to advantsape and like

t.16 Many organizations have

disciplincs kept in contac
answered the need for across product assistance of
speclalizecd functions by the use of service staffs,
particulsrly in those needed by research engineers and .
scientists. The exact type of service will of course

be highly devendent unon the need and field of
activitics.17?

Beyond improving communications in a complex
organization the functlonal secrvice staff has perhaps
the even more important job of consolidating or central-
izing the speciélized and functional managerial and

organizational resources to achieve the maximum in

52

Mtis was AempE A 1 e amen e e mo b eet e em = . ctem ame e o et are T a——— - men 001 e




s - oo

o Each SPO will be assigned a ‘oivil

accbmplishment of 'all matters re;at%d to his vrogram,

'he'must depend oﬁ service organizations to assist in his

'ataffS'in legal.,prochremeht, financial matters is

!

performance efricieney.le An functicns become more

I !

conplox the.efficiency by whigh théy are ooordinated '

directly affecty the economy of the opcration. In

! ! ]

generul o complex line unit (nuoh as product, project, Ly

or system) w111 not do as good'a Job in a highly oy

gneclalizcd area ns w111 a. dcdicated spéoial upit. ' |
The economicas of'cqntral%zed'operations maﬁe it very
important that'a sorvice staff be used if st all possible.

Such.prgcticeu achiebe‘economies by uniform procedures ' ' ,
anad generally more'effective work.19 '

!

The ‘use of staff specinlization of skillls of course

[}

’.

Traditional ones include . |
finadeial, market research, and even R&D Atself,20 The .
' : ' N . ! 0

i

is not new by any means.

USAF‘haQ also recognized their use in' instructing the
SPD in his duties. Although the ‘SPD has complete - )

t ' ] 0

re'sponsibllity and authority for the successful R .

p}oérum,effort. The use of SPO pdrent organization

I ! J

required.-1 Another perfect example in the same grea is

the, use' of centraldzed civil engineering functions. o ' ]

engineer with respon- T ,

81bility for a1l system facilitiep planhing and ,
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acquisition. He may eloct to phvsically colocate with

the B8P0 Af the size of the program warrants. In any

case he 18 a direct reprecsontative (member) of the SPO
parent organization e¢ivil engineering offico (see
i Figuré 2) and will rcccive sunport from the eivil

engincering aetivitice.22

Bunnary
Tgis chanter has attempted to portray some of the

f | dravbacks to purely project oriented organizations: as
seen by some of the experts in the flelds of management
and organizaticn theory. The problems of communication,
éross-fertilization, econony, higher quuality work in a
spe?iai area have been highlighted since they directly
corresnond to aome of the SPO problem arcas as discusned
’ in Chapter 4, The concept of uasing a spucialized
. {runetionally oricnted staff has been outlined as a
potentiai for easing if not solving many of these
problems. Thc superimvosing or combination of the
project structure and the subjcet or speclalized
struéturé appears to offer a conslderabhle advantage over

the project structure alone.2?
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CHAPTER V1
CONCLUSIONS ARD RUICTH4LNDATICHS

Prior chavters of thls paper have outlined the R&D
tect of mienllcs and space vehicles from the SPO parent
organization nointeof-view Qith the otject to laprove
the efficlency with which these tests arc managed. The
study has dilscussed the lmportance of R&D as the baslsa
for technolosical vrogreas and the test portion of R&D
as critiéal Lo the evaluation ond determination of 1R&D

hardware periormance.

Conclusions

The use of the SP0/systems managemént aporoach 1is
an elaboratce and costly project oriented structure which
may :ave wany problems when applled to small programs in
& limited recasource environment. The lack of experienced
personnel continually plagues the SPO when preparing
test suppeort request documentation. Thic shortage along
with the fact that each SPO man rarely gets enough
repetitions in jots/tasks to become truly expert

results in a 5energ11y poor test documentation product.
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Cocmmunications is a second large problem area for SPOa.
Communications tend to breakdown between SPOs and bee-
tween membere of the test tecam. Such a breakdown
impedes the {low of vital information snd causea undue
friction between 1l concerned. The SPO must avoid

this provlen Af it is tc be succeseful in the long term.
The use of e centrul-point-of-contact bLetween the test
team units, basecd on functional epecialties was advanced
as a potential 27dltion to the oroject/multifunctional
SPO mode c¢f operation in an attempt to alleviate some

of these inherent or vossivle SPO orpanizational
structurs vroblems. These last two areas, dlsadvantages
of the projezt o lented structure and some advanteges of
& gspecialized functional staff structure were elaborated
from the point of view of wrilers in thc menagcnent and
organization field of study. With thece general
conclusions the following recommnendations are oftefed as

poesible lunrovements to the SPO test environment.

Recomucnéations
inprove SPO Communications. Improved ccmmunications

appears to be a tig vayoff area for the 320, Without
adequate communicstiions all tasks become more difficult

than necessary. The S20 needs to improve his intcrnal
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connunications to keen his veople well informed not

only of.thelr own misslon bt *that of collatersl efforts
in other SPOs, 8PC personncl musci be encouraped to seek
out their "own kind" in sister 8P0s to foster an
interchansc of inforaation and data to insure that
cross-fertilization short stops those uncommon solutions
1o common oroblems. The biggest effort in the entire
conmmunications area and thd one with the most importance
in the test area should go to the test team members and
units. Thece people have too long been kept in the dark
or fed bits of information in Just enough quantity to
koep thém interested. In the author's opinion the SPO
has a very bad reccord and nanme in this area. The SPO
must anpraice the test team as changes occur and be
honest with the reasons, if anvy mutual trust is to build
on each side., The SPO 1s dependent on the test suvport
agencies for their support and they in turn, although
to a lesser degree, on him for work. If this team is

to really be effective each must understand the others
needs and problems and then get on with the mission of
testing. It is the SPD's and each SPO division chief's
responsibility to initiate and continue a program of
expanded communications.

Concentrate Limited SPO Mannower and Resources.
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With limited manpower and other reeources the 37D must

place his enphasis or main offorts on the things thut
he can do best and that cannot be delegated or passcd
on to others. Ouch areasg mipht iuclude cngineering,
deslgn reviews, producticn, schcduling, and the 1like,
On the othesr hand the SPD ghould 2ive up routine jobhs
that are not rcally program pceullar and that can per-
haps be done more efficienﬁly by others, The OPD
should not usce the excuse that he cannot delegate in

fear of loosing control. A central office charged with

supporting all SPOs must be responsive and produce or be
abolishéd. This will free SPO mannower to snend greater
time on the critical arcas of managing the acquiscition
of the system and to become bettcr at it becaues of the
additlonal time and reduced scope of dutles.

Consolidate Small or Like E€P0s Therever Poseible.

SAMSO or AFSC should consider the uze of one or a few
large SPOs to manage several small programs particularly
if the programs have a number of things in common, like
launch vehicle, launch range, orbit, level of technnlogy,
ete., Such consolidations should result in additional
economies from the saving of manpower, again allowing
for greater speclalization by personnel and potentially
doing a better Job because of it. Consolidated SPOs.
58
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should pe more roaﬁonsive to test team needs and be
.able to make more economical uec of all assigned or
used resources, the test facilities area belng Just
one such possibility. “

Increase the Use of Functilonal Service Staffs.,

SPCs and thelr eastablished organization npolicy and

management procedures should be modified to move from

~ the traditional fractionated mode of operatlion to a use

of special functional service staffs wherever such

consolidation appears feasible and in the best interests

of economy. AFSC and USAF should take action to change

systems management directives, in varticular AFSC

Manuals 375-3 (3ystem Program Office Manual) and 375-4
(System Program Management Procedures) to require and

reaffirm this modification. Such staffs avpear to be

best sulted to a complex, continuing jJob where a

standardized high quality output is required and where

such an output or need is common to all (or a majority)

serviced units., It i1s not to be implied that such

staffs should be set up Just for the sake of setting

them up, but should only be done when there is a direct

payoff to the SPOs as a whole and as in the case in

this study, the test team in general. To adequately

perform their duties in consnslidating work and as a
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centrol-voint-of.contact the functional service ataff
must be'colocatcd with the SPO asc & vart of the SPO
‘parent orgunizution, Thls colocation will allow for

the dny~to~day nerasonal contact and access 10 meetings
and 520 personnel that is absolutely necessary 1f this
office 1s to ®b: successful. In turn for the e¢fforts

of the functlonal staff the SPO must be comnlete in Ats
. trust, support, end supplying of information to the staff
office.

Continue Use of the 5AlL30 Cnerstional Systcns

Develovment Tivianlon. It 4s recomrended in particular

that the Operational Sysiems Development Division in
BAMEO Le further expanded, as applicarle, to cover se
much of the tent actlvity as possible. The usz of the
single or central-volint-of-contact that such an office
provides increases the understanding of test require-
ments among the test tecunm members. This tywe of office
can do nmuch to increase the flow of communilcation
betwcer. units. The test area proved a fertile area for
consolidation of functlions and others will possibly be
equally rewarding. The centralized vreparstion of range
test support documentation, review of test vlans, review
of statements of work should continue so to insure that
the area of test is covered in a complete and correct
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manncr.

Continued study_of the 5P0/Uystems Menagement

Qggggpg. The above rccommendations are provided as
those substuntiated Ly thé author's experience, policies
alrendy statcd In SPO directives but not uccepted for
actual or wldespread use, and the conceots derived from
the managenent and organirzation fleld. These recommen=
. dations should be revicwed for possiblc apnlication in
areas other than test of spnce and missile systems. !
Also SPO porent organizations in other than the svace
and missilcs "ield (i.e. aircraft or electronic systems) b
should be studlied for pvossible use of additional l
functional staffe as an adjunct to their present SPO ﬂ: .
and line/staff orgenlzation arrangements. In any case
the subject of this renort and its gencral thesis should -
continue to be studied to ensure that systems management
progresges and stays an economlcally comvetitive concept ]

of managenent.
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