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ABSTRACT 
i 

>Thl« ßtudy reviews the uno of tho syatema nannge- 

ment/sycten proprarn office  (SP'O)  apiDroach to the 

marin,pemcnt of research and development test of snace 

and mlsr.ilo vehlclcysf    The SPO management concept uaoa 

an elaborate  Interdlaclolinary organization wholly 

dedicated to the acqulaition of one aystem.    Thi« 

study concludes that with very scarce rosourcoa (par- 

tieularly experienced peoole and fundn) and the present 

situation, of many sranll ay at ems that test econoraiea 

and efficiencies can be Realized by tho uae of aneclal 

functional service staffa.    Tbey can perform many test 

planning duties in a centralized and  alnßle point-of- 

contact manner for all SPOs.     ]   - 
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PREFACE 

Thin study reviews the use of apeclalized function- 

al Gcrvrlce staffs to Improve upon the traditional auton- 

omous oyctera 'nannpement/Bystera propram office  (SPO) mode 

of managing«    Of direct interest was the test of space 

and mioalle vehicles on the Air Force Eastern and West- 

ern Test. Ramrea.    The author has had seven years of 

direct experience at the Test Ran^e and SPO organization ] 
■ 

in the field of documenting range test support requlre- 
i 

ments.    This experience gave him an understanding of 
] 

the wordings and problems of the test documentation as 

it affects 3P0,  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 

MisBile 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 SPOs, 

■•riMtM 
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CP.APT~ I 

Reae~ rch a nd dev~lo~ment (R~D) 1& unnsAA11able 1n 

1 ts • tM~O!'tance to, H" not th~ 1t£cyRtone or. technolo;;·:1eel 

~~~,.,.reRs and m111to ~y !'re'l'arec!n(~ ss.l ~flthout o cont1n­

u~. !'l g an~ V1 [!-orous !)ro~rn:n ln RctD 1t 1a doubtful th!.t the 

Un1 ted Ste.tes (US) ean tnt\1nte1n a .,os1 t1on of IIU'!)er1or1-

ty or even na r1 ty '·:1 th the U:11on cf' Sovlr;t_ Soc1.'l11st 

RE·-,ubl1co ( us:3 · ~) 1n the area ?1." m111 tet"Y atr~.tea and 

ca'!)o.b111 ty. Ye t t!l ' lCh to the concem of m::\ny govern:!lt.'nt 

~.nrl m111 ta ry le :o:.. ~ ~ rs we f'1n~ t'1nt the whole are9 nf Rl.:D 

a~rye~~s to r~ ce 1v£ le~s thAD lts ~h9~ ot ~ttentlon. 

P-ri~r to 1964 the United Stetes B1)e·.1t more on ~111tary 

re senre~, ~~V€lO~~ent, t~at, and en~1neP.r1ng (RD~&E) 

th-;n t~ 1J'35 :'{ . Since t hen the U3~!{ bile s')ent sa mut'h, 

end -,rob~bly r.~o!'e 'ln m111tnry ~';)-~(:~ t~an has t~e L'n1tec! 

St, tee. '!'he '"!Ore surnr1e1n~ fact 1e that since 1~2 

there has b~en a st~ad'' ~ecllne ln US m111 tary ~D~l~ 

e~~end1tur-e~.2 Usny -,osr.lble ree.sone tor the decline 1D · 

US m111tary R&D funds exMnc!ed (1.e. Viet :.;a.m ~ar.­

!)Nss1ng O€.hi~~t1c !)ro'ble::.a, etc.) 1111!ht be c!tacuettec! 



however, that is not the 'OU!':?Ose of this nB!>er. It 

suffices to say that R&D goes on in the Unite~ States at 

a decl"€ n s1n~ rate of exnenditure, our r t1te of inflation 

costs oJ :mt.inue t? 'T'1se, le~1 t1'!11ea for ayRte:ls get no 

S~O!'tE rt ~ !ld \·le Pre still f~, cr:d ~'lith m1l1t !1. l"y threats 

and otbe r ureent ~~d un~ns~1erecl requirEment~. So:ne 

mea~ure of the 1~nort11nce of ~-~:D c~!'l be re~tli?. r- d from 

the fact th~t durinf fisc~l year 1~9 the Air Force 

Systems Command (AF3C) will e1.lGnd Bbi)1Jt ~Q nercent of 

the tot9l US Air Force (U~\F) alloonti~n~.~ 

l:;ven 'lt r ed,lced r:1t.es the US ~&!') '!)l'O ~tr:.. r., 1e P.X:!)Gn­

s1ve and it e-o·oeRrB thnt R}D fun~s will be no ~ore 'llen­

tiful in the 1'utul"ff!, than they are ot t~is t i1:te. From 

such a Pituo,ti~n comf"s the "'roble•n to he disc,Je~ed in 

this ~R~er. It is t his: 1s the cost of R&D testing of 

sl)aoe en1 ~.niss1le s:rstems too h1 ~h un~er the "systems 

1-lsna~emEnt" a'l'!)r~ach 9n~ if so, h'lw 0~1.1 it b e !'~ducedt 

It 1s obvious th'lt this ~,t.,er enn only R~~reAs a II!DFill 

facet of the totel •1ack of R&D funds" ~ro~lcn, the 

exact l1!n1tat1o:"Js will be discussed lflter. 

ObJective of the Re~ort 

Tb& overall objective of the re~rt will ~e to 
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recom.;n€nd certaln s~ec1f1c Systetn ·pro~!':tr.t Office (SPO) 

manr:. ce:nent or -;>:::-ocedural ch,1nges thnt rtti r;ht reduce the 

totgl cost of tectin~ ~~~ce and miseile systems. Suoh 

cost decreAsinE or etrectiveness 1ncreaa1n~ sug~eetione 

will 'be ~~s et! on a study or t!:e test1!1g ~!'lilosol)hy, 

~rocedu~e s, ~nd metho~a under the S~O mnnn~enent con­

ce,.,t. 'l'he reT,)Ort will h~ve subob!ect1vee of attemiJtine; 

to 'D01nt out !)r·:>ble'D aNna, that if nl~.eviote(l could 

enhsnee the test ~ro~g~ and h~~fully result 1n a re­

duction of the testing cnAt. 

Jiynot..~e s\g 

The hy!)othe 91s of this atu~y 1s that: the ovesn.ll 

coat ot the ~D testing or e~aet and miaei!e s~stems 

un~er the SPO fuode ot t6et o-,erst1on oa!1 l,'O&s1'bly be 

reduct:d llv modifying the tmd1t1on~l or, at least, 

~resent s~o way of do1n(. bia t@Bt1n~ . In ~P.neral this 

mo~1f1c~t1~n w~u13 be a move t~ar~ ~rester use of 

functional &U'"MOM. in the R&D teat cvole. Such ohan~es .. .. 

might inclu~e: 

a. Inerensed stnrr tt\Mr»>rt in ~he !)reoBrBt1ons 

an" rEvie\·r o! '11 ~la!1e involYin~ test 1n an e1"tort to 

inoree~se the ovcPAll quality of thE ~l!lne. 

b. Consol1d~ted levy1n! of all teat eu,~ort 



requ1~~nta to 1nsuT"e t1"!lE-11neaa, etan~ard1zat11ln, and 

correctness of needs • . 

c. Conso11da.te~ rev1e~., of. S?O need a.nd 'lee of test 

fac111 ties to 1ntm!'e future 11Va1l'lb11 it~, and "lOrE 

efficient use of e~1st1~e fac111t1es. 

d. Clo·ser e.nd 1•~roved S!='O-Aeros-,ace ·rest ~lin~ 

relations to enhance teat sueccts and ~ff1e1£ne~r. 

e. Crosa-tert111zat1on Bn, exeh!l:J~~ 'l)et• .• ;een SPOs 

for the ex.-,editi~us sol•Jt1on of co·nmon ..,ro,1ems. 

t. l•tove:nent ort:.nn1zl'lt1on~l1.~' n·,·r ~:.' fro'l'!'l s t.rlct 

SPOs t() r.:: r.re~ter use of funct1on~l tm1ts (i.e. seMr1ee 

staffs) to au..,., .):"'t sevt::Ml SPOs. 

L1m1t~t1ons 21aced O!l t !"e Stu~, - --
Hany of the stu-1:v 11:n1tat1one h~ve alrr~~~~-' ":-~en 

allu:led to 1n prece~1nr-: ecctio!'le. L1,n1t~~t1o':'ls \'till be 

!)le.ced on the Rtu:!y to have a mat'la.~enble S'Jbje ct 1n 

time end SC09E; th€refore, r•ault!.ng 1n norE s~>ec1al1zed 

recommendations than from a broacSer survey of t~e sub­

ject area. In aum'l'!ar~. the 11~1tet1~ns !)ls.ced on this 

atn:!y ~re as follows: 

a. Only R&n test matters will be eon~1~~~e~. 

b. Only the teet of a~ace an~ m1ea11e syete~e 

v1"'1. be dlacus.aecS. 
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c. The nr1me A~tl ~r concern will bft the ")0\1cy, 

orga!"lizotl :'>I\S • ~n1 ~nan9.c:E'llE11t a~tt'lC1Bt<;d w1 th t.h1e teet­

in~. ~·: c~.n1cnl test1n~ nroce~urea and aanect,e will not 
.. 

be 1nclur1.:- :.1 1n the stud~. 

d. 'l'he rev1P,., \>till covc.:r onl' ~·Ji•F (boa1call.y 

AF~C's 'l~'lP ce ~~tnd H1ss11e Syate.,e Orgflnizqtion (SAl~SO)] 

e. '!'he atl&dy will be N-Atrlcted to 'mclntS~lfifld 

ae~ecto or the field. 

As ~U!!l'1~1_ono UAe~ iJL_~~ndue.t.~'lJl.~he Bt.Y.i! 

A · '"rt1 ~1 , 1n o!"1P~ to .,:tV'? a , .. ,nn!l 3~t!!l>le subject Mtln' 

r.!str.rnt 1~ ~ 1 ~ ns to t t'E! c.,n~1't1'ln, an~ c..,nt1nu1n~ con~1-

t1on, of ":.he •r<>a l \:orld" h~ve t,ttd to be m~~n. Ttw 

"· ~x1.Jt1nf! or !'~,;ent O!'('rJ!11z~t1?ne 1nvll1VE:c5 in 

aysteuu.~ r.mnn·7emen~ an1 tE-at. in ,~ (AFSC J-!ea1qtlfl rtere, 

~~30. ~eros~ce Test ~ings, Test ~n~a, ~tc.) will 

cont!.nuf= ss !,lrcsenttr Ol:)4H··"lt1 ':g into tht' future. 

b. Atte!:'J'ltB +,o cut ~be ooet of t~>at1n!! \1111 con-

t1nue to be a des1rert~1e €n·! sn~ P~ tunds w111 continue 

~ be in sl,ort &U:lnly ~Gort ·:.J!!e ot the Viet !~A!!t :tar ot­

othcr h1 :: t~e r nat1onl!l ~r1or1 ty !)ro!!ra~a. 

c. The ~aet 1M?Qrtnnce ~lAce~ on R~D to na1nta1n 

5 
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the technological growth of rallltary capability v/111 

not dlralnlah. 

ä. The future will not bring on the necrl to f.o 

into "crash" development efforts [I.e. thr Interconti- 

nental Ballistic Kiasllc (ICEU) and Intemediate Ratine 

Ballistic Kiaaile (IREM) developnents in the raid and 

late 1950nj to come up with radically new snuce and 

missile systems. 

Orpfaniaation of the Study 

By necessity of this subject, this study will 

follow basically the descriptive analysln approach. A 

review of the lltKratur© on the subject of coat of 

raanaginp, (not Just dollar cost in direct tor.ns) RAD 

test reveals very little past study or voiced concern 

over such a problera.  There has been a concern expressed 

on the short comings of the system nrianageriient aonroach 

and this will be discussed. Until 19*5 v/hen larpo Viet 

Nam War expenditures started, R&D funds were not in 

such shortape as today, therefore, until recently the 

importance of this oroblem literally did not exist or 

have the magnitude it does today. The statemont that 

such a problem even exists may be somewhat subjective 

and perhaps academic in that reduction of cost could be 

—•■■—'---■! ■ MM! i 
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sa.id, to nl\-:aye be iin ·obJective,. · Yet it 1t 1a au&D1tte4 
I I 

I I : 

that a continuing n'ecd (and not a :Secreae1ns one) ex,t.ata , 
i 0 I f ... I 

! I 

and that ~ funds for · ~uch R&D are 11m1ted, .. t.hen tbe 
'I 

' I 
' I I ' ' I • 

objective or rednc1ns coat of.R&D teat or at least 
I < • . 

I I 

attempting to cet as much for the teat do-llar.aa 
I 

I i I 
• 1 I • I I . 

' poert1ble, t n1ces on .a new, .1ncrease4, and not ao aoaclem1o 
• I ! j I 

I I 

dimension. 4 ' In ln.rp;~ , ruost of tbe• ev1d~nce u~e4 in the ,, 
I ' 

8~·Udy will be r~lated trona the direot experience ot ttie : 
" 

I • : , I 

author. Th:ta w1l.l be contr~sted t'o ,SPod manasement 
' . 

pr1nc1pl~ s . teclm1qucs,' a~d funcl~enta1a '·an4 I Jua~ plfl.ln 
I ' • 1 i I ' t ·

1 
. 

common sen se to sec 1f ~ 1mprovt1menta 1n tho R&D teat 
• . I \ I I · 
' i I I I ' 

situation c'an be' mad0;. ,The ,report ·W111 oonalat 
1
0t' five 

I ' ' 

additional cQ.apter&. These ' will deal (in tum) w1tb 11) 
• ' 4 • ; • 1 I • ; I 

a,i brief 1ntt;-oduct.ory ·d1oc~aa1on ot ~hat ~ and, R&D ' 

tc :-.:t~ng actually 1rivol~e; 2) a dea~r1pt1on of ,MD teat1ns 
I I . I 

1 1n· regard t~ .the orgnnizat1ona fnv.olve4; 3) h1~h11sht• of 
. I 

' present t~stlng mar~eemeni problem et1at1ng 1n tbe S~ 
I . I I ; I 

environment; 4) : followed by an MD&1Ja1a'ot the probl••• 
i f r 

· and -sro or ?roJect manaRement disadvantages in 8eneral; 
i r I ' 

and 5) some conclusions an~ recom:uen4at1dna 1n regarCJ 

. to 'th18 analysis~ 
I , • 

I • 

1 
. ,. , ' 

' I . 

I I 

' I 
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ClIAPp-JR II 

I4D Tüü^ina OF SPACS AIJD MISGILK SYGTiucs 

Tho nurpose of this' chapter ID to outline tlio 

importance of R&D,,  UccD tenting,  and in general what Is 

Involved  in th,e  oroceno.     ThlB ovorviev/ or further 

introduction  la deemed neceapary to r>rot)C-rlv lay the 

ground v/orlc to olaoe tho nrohlern bolnfj; diacusaed as a 

Bubjeöt iOf thin pa^er In oeraoectlvo  and further explain 

the R&D tenting ßltu^ition,  ' It  is not  the intunt  of this 

chaoter  (or this biner) to nrovlde an exhaustive  treat- 
i 

went of U3AF systemfl manapement prooelurcs an exoounded 
i. 

In the    Air ^orce  375 series of regulations and manuals. 

However the»  salient and necessary features of synteras 

management will be  related in this and the following 

chapter, as they bear on the oroblein dlocuaslon. 

'Importance of Rese_arch and Develon-nent 

As was indicated in the introduction, ororress in 

all fields la largely dependent on a  continuing and 

vlg,oroüa R&D progran.    Although this statement may 

appear to,be self evident the U3AF has seen fit to 

8 
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expröBO tholr concern over the continuation and Impor- 

tance of KuD aa a mattor of printed policy.    Without 

resortlns to pfAraphrasing thin oollcy is offlcally 

stated for roccarch ßucciflcally and RAD in general as: 

Conc3uct and  supoort a broad and continuing 
roaearch program In all areas of science and 
technology  th'it  hold  scientific uromlse of 
eventual Air Forre exploitation,    Althoufrh 
research io not anonable to solving sneclfio 
opcratloa-;! mlsoion uroblems,  it  shall bo 
orlentod ond  controlled so th«t it will 
emohasizc  the search for knowledge in areas of 
greatest potential interoat to the Air Force,1 

Continued  imorovenent  in our military caoabil- 
ity Is oacentlal to sustain our military 
object? vo of deterrence and to generate the 
capacity for a flexible,  swift and controlled 
reoponHO to a^reyalon.    Continuity is essential 
to the  successful conduct of RaD,    Sustained 
R&D support will result in increased effectivo- 
nesa and econ^iaico  in military oroprama.     The 
AF HdD prui~ram will explore the most promising 
apnroachof; in science and technology.    This 
program \.'ill be designed to maintain a superior 
technological base which will facilitate the 
devoloDiicnt of military oystema that can counter 
any threat to our national security.    The prln- 
clole tasks are to  supoort the development of 
systems and equipment to ontisfy current re- 
quirement a and to provide a wide  range of tech- 
nological options for use in building a future 
Air Force  inventory.2 

From the above  it  is easily seen the Importance 

that R&D has received at Headquarters USAF level.    The 

Air Force of course does not perform R&D only, or Just, 

for R&D sake but with the intent of answering an oper- 

ational need or to orogress the state-of-the-art across 

" ","w"'-",--»>'«w.^f.>i4((i^,. ■.,v.v 
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tbe apectrum or aeyelo,ment efforts. This ia to say . 
. tbat depen~ins upon the need and urp,enCJ of tho need, 

R&D may tall 1nto aev~ral categories (or a apectru~) 

atartint v1 tb basic research tollo\'Jed by exnloratory 

development, advance~ develooment, englneerlnp; develoP­

ment, ana operational system ~evelo"9ment.1,lt- ,5 Thla 

pal)er will deal with testing resulting or as a 1)3rt or 
tbe lattor three categories. Basic research, ~he prime 

purview of the Office or Aerospace Research (OAR) will 

co• into t.be realm of this pauer when testod aa !Hlrt 

ot a apace launch, i.e. OAR'• Aerng9ace Research 

Su))l)Ort Progra!:l. () 

Research and Develou~nt Teat1nF 

R&D testing ia that orogram or underta~in~ which 

1a intende~ to obtain, verify, and rurn1sh ~ata to be 

uae~ in the evaluation of the R&D 1tem in queat1on.7 

The primary objectives or R&D teating briefly stated 

are to: 

a. Verity accomplishment or develo~ment objectives. 

b. Check fulfillment ot ayatem requirements. 

c. Obtain as beat possible an estimate ot actual 

performance expected in o~erational use. 

d. D1acover anr def1c1enciea or correct1ona 

10 
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required before ßolriK Into production. 

R&D testing lo aubaiviäeä into five main i5rotiPa 

according; to the level of testing perforiaed,'   These 

as catecorles corrcsnond to the degree of development 

toward a complete or operational  By^tcra end are as 

follows: 

a. Category I - SubByatom Development Teat and 

Evaluation.     This category deals at» entitled with sub- 

systems,  that Is,  components which when put tofrether 

make up the total ßystem thut the particular program 

will result in.    These teotn are,  Mi the main,  accom- 

pllflhed in the facility of and by the contractor which 

is on contract to design and produce the  syntem.    Such 

teets while of interest do not normally fall into the 

purview of this paper. 

b. Category II - System Doveloonient Test and 

Evaluation.    Again as the name implies this category 

of test involves testing of the  complete  syntem.    These 

development tests evaluate the  Integration of all sub- 

systems in the operational  (or final)  configuration as 

much as nossible.    Data as required will bo gathered in 

order to evaluate the performance of the  system against 

required specifications.    Category II tests are an Air 

Force effort and will be assisted by the contractor as 

11 
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needed. It is this category of R&X)  test with reepect to 

the launch of raisslleo and space vehicloo that apulles 

directly to tldu report. Such tests although not In- 

volving an actual launch, out in a Eupoort or aoaocluU-d 

role, such as: prelaunch test", recovery operations, 

orbital support or aupoort of a secondary (or "ol^ry- 

back" as they are often called) payload relate equally 

to the discuaslon of this study. 

c. Category III - System Ooeratlonal Tost and 

Evaluation.  Category III testing is the final phase 

of testing ander the systens rnana£eaient concept and 

involving the 3?0. Category III tests are performed by 

the operating (to be differentiated fron the develop- 

ment agency as represented by the "JPO) agency such as 

the Strategic Air Command (SAC) or Tacticol Air Co-a.^ano 

(TAC) and Involves the nroduced or operational syoten. 

Data Is acquired to continue deterDlnlncr the caoablll- 

tles of the Byatem and to discover any deficiencies 

that must be corrected by the UrO in subcoquent produced 

Items. As mi(-:ht be correctly assurcned the 3P0 role Is 

one of observer and normally the management of Category 

III tests will not be of major concern as reflected in 

this paper. 

d. Demonstration and Shakedown Operations (DA30) 

12 
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and Fpllow-on Development Tost and Evaluation. These 

luxl  two arena of testinß are listed mainly to complete 

tue (iiecusslon development testing cycle. The first 

area is performcd after Category III testing, by the 

operntlnn apenny, and to continue ©valuation and training 

of operating personnel on tho operational syatem. 

Follow-on testing is concerned with the revalidation otf 

the syntera 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 tho event that the SPO becomes löaponslble for follow- 

on tea'ca co.nieuls In this paper will aoply. 

niaaile and Space Vehicle Testlng-In Summary 

At thin oolnt it Is worth while to sum up the 

previous comments in regard to the testing of missiles 

and snace vehicles. Since this paper will deal with 

test procedures and organizational arrangements in the 

next chapter, these items will only be briefly mentioned 

in this summary. Tho situation under discussion at this 

point is concerned with the test (launch) (primarily 

Category II) of complete missiles or space vehicles 

(boosters, suborbital probes, or satellites) by SPOs 

at or on one of the National Ranres. These ranges 

13 
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Include for the purpose of this rmper the AF JSaetern 

Teot Ranpo  (AFB.TR) Patrick AFE, Florida,  the AF V/eatcrn 

Test Ran^o  (AFWTR) Vundenberp; AFB,  California and the 

Pacific Missile Ran^r  (U3 Kavy operated)  at ?t.  Mur;u, 

California,    The actual act of testing follows a logical 

serins of steps beginning with test olannlng to decide 

what rneasureraents must be made,  how many teats arc to be 

conducted,  the flight profile to be flown,  and when the 

tests will be made.    This planning is then translated 

into requests for support and submitted to the  sunoort 

agencies.    The 3PO is  rcisponslble lor the orooaration 

of support roquest documentation,  following prescribed 

formats, and Introducing it into the nropor organizational 

channels.    Normally day-to-day liason between the  suo- 

porting range and the 320 Is handled *hrough the SPO's 

test representative in the Aerospace Test Wing located 

at the test site. 

The importance of proper olanning for the test and 

the timely and correct oreparation of oupnort requests 

is paramount to successful testing and the obtaining of 

data that allows for the  intended  system performance 

evaluation.    When literally milliona of dollars of 

prior R&D hinge on the success of a test it behooves all 

to insure that all possible steps have been taken to 

14 
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inaxlmlze the outcomo of the launch. The test In question 

In the culmination of many ycaro of reaearch, design, 

BUbayctum tostlnr, and In ficneral the proof or verifica- 

tion of all the urior olannlnp;. The seriousness with 

which the Category II teat la approached must corresoond 

to the payoff expected.  It In obvlouo that to achieve 

thlo succesa all orpanlzationo must work In close harmony 

and unfern tändln^:. Communication la crucial In that test 

support needs must bo properly planned in the first 

place. They must be correctly stated and transmitted 

to the teat Bupoort agency in a lan^'jage and format 

that in atrmdard and understood and then the toat 

support agency rau»t plan the actual auoport of the test. 

Each of those processes rauat be completed without a 

hitch if the importance of R&D  and tM tnlnlmizatlon of 

test costn are to be achieved. 

This overview and background of the Importance 

placed in R&D and the culmination of the R&D in the test 

phase should hove layed the ground work for moving on 

to a review of how the nlanninp for teat support Is 

actually accomollshed in the "real world". The follow- 

ing chapter will discuss the R&D testing of missiles 

and space vehicles in the systems manapement/SPO 

environment, 

15 

. *.( 

ii  .   ■ .„.„M^H^M^M^M^MIM^—MaM^^MlMMM liliaitiMaiMlaMMiiH 



vppvRmpi^MGiyi 4 g 

CHAPTER III 

R&D ThSTIKG  IK  THK 5?0 LwVIROliMEIIT 

The Intent of this chapter Is to review and relate 

how IteD tnstlnp (nrlwnrlly Category II for tblo paper) 

la öccompllnhocü with the SPO and  systems nanagement 

anoroach or concept.    Although oarts of this narrative 

may auocar to ba  overly critical,   such Is not meant to 

overly criticize  syntems mannpement D'.it la  given only 

In an attcmot to  improve on It.    The object of the 

report 3a to highlight what the author feels are areas 

of concern In how the SPO is üreoently aolncr hla testing 

bualneuß.    Further elaboration on this belief will be 

provided and become obvious In this and  the next chaoter. 

Systems mamngement as used In the  context of this 

paper,  and  In the Air Force  In general,   Implies the 

process and use of a specific organization dedicated 

to the obtaining,  acquiring, or producing of a specific 

oystem.    Such an arranfrement Is usually superlraoosed on 

a wore traditionil line-staff and functionally oriented 

organization with the purpose of managing a specific 

item rather than several items simultaneously.      In 
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theory the svntcms management off1oe (or Pt~duct or . 
project, office as the:~ are also oft.en called 1n indus­

trial circles) dra,.,s its manpower and much or 1ta day­

to-d3.y aupnor-t from the '!)arent orgnnizat1on and at t.he 

com'!)let1on of its l)r<>J"ct i::; s,aonosedly c11aaolvad and 

pcruonnel nre returned to the1r old Jobs. 'l'he ayateraa 

m~na i..':or une:s the 1ntc; r·ci1se1~11near' al')'Orooch to manage 

all nspects of h1s systeTn from planning to co~lot1on. 

He theorct1cnlly hr.ts all the tynes and var1et1ea of 

talent and export1se nt b1a fint:ert1~a, · if not. un1er 

h1 s di rcct con'!".rol. The reuson thfl\. the B)' stems ap-proach 

was ndopt.€ ~1 wtta the neceaa1t;~ to cooe v1th lllrge coml)lex 

h1t;h V'llue oroJect.s that had aa-pecta cutting across all 

functional lines and t~ many orgnnlsat.1ons outa1de the 

parent or~ant~st1on.2 Within the USAF, syatoma mana~•­

ment got 1t~ real start 1n the m1~-1950a durin@ the 

•crash" effort to deplOJ an ICB-1 BJet.em. '41th the ICBM 

we hacS all the aapect.e ot a 9roject that ayeteme manaP.e­

ment wa~ des1r:ne~ to handle. From the mana~•ent 

efforts on the ICf~1 evolved the -oreeent. ayatema manase­

ment structure that mak•a up todaya SPOa. 

The remain~er of thia chapter w111 deal w1t.h tho .. 

asenc1es an~ organizations tnat come together ln the 

S?O ayatems management arena to pertorna and support MD 

17 
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testing.    Of prime concern ani to be cUscunscd in the 
« 

following ordor are  the 3P0,  the  GPO's pfirrnt orgunlza- 

tion,  the Aoronoaco Test v/lm?,  ^nd thrr Tost (suoport) 

Range.    Thest3 nlonj; with the SPO's contractor(B) malco 

up the RAD test teti'-i.    iSach will be tUucuGOGtl aß to the 

part performed  in the test mission and how they all fit 

topetlier to f/et the Job done. 

The System ?ro>?raTn Office jSPOj 

The 3?0  is the central organization in administer- 

ing systems management in the acquisition of new oyptena. 

The 3PO Is first formed as a cadre during the early part 

of the  conceptual phase of the weanon nystom acquisition 

cycled when the Deuartment of Defense   (DoD) and Head- 

quarters USAF have approved the  approach and need for a 

new ayotcm. t    The 3?0 cadre performs'the early planning 

at this time  that describes the  system to be acquired. 

The Preliminary Technical Development Plan  (PTD?)  is 

one of their first documents that  cormletely outlines 

the tests that will be performed.     During the Contract 

Definition Phase  the now fulfledged DPO selects the 

acquisition contractor and prepares more detailed 

system planning documents.     The third phase,  acquisition, 

is where construction of test hardware and writing of 
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tent pluna "hoplno  In eorncßt.   , It lo (Jurln^ this phaso 

th'at Cnterory II  teatlnp" Is performed. •      ' , 

Tho Organisation of the SPO follows a standard 

preucrlbed  oattern  (see, Flpure l) made no of englnqerlng, 

program control,  test and deployment,  configuration 

manafcmont,  and orocurement and oroductlon offices. 
' t , 'i 

The SPO Is to "bomannod only to acQompllßh essential   , 

pianningj directing and (Contrölllnp; to fulfill aoproved 

proprrm requirements throughout the program life cycle   , 

and will use stnff su-ooort of participating orpanlza- 

tlona.and other aoprop'rlate capalillltlca to the raa*lraunj 

pxtent.      Within this organization the Test; and Dooloy- 

raent Dlvlolon is reooonslble for the develooiaent of 

test plans,  coordination of available teat resources 

from teat apencios, ,and    management of Category II       i 

tests/»^ 
! 

'All SPO produced development plans describing the . 

connilcte System .life c^cle will have sectiona outlining 

the resources needed to support testa and a statement 

will be obtained from the aupnort agency indicating his 
i I        ;       , I 

caoability to oupoort the testa In the desired time 

pelrloi.  When the comolexlty of Category II tests is 

considered it is evident that; th? establishing of sound 

test requirements at the outset cannot be over emphasized 

,     .     ■ 19'    ' ■ 
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due to  the pooolblo  Impact that oupport will have on 

conto,   nchedul(-iot  and fFicillty noedB.^    Specific policy 

ha a beon oubliohed on the development of test support 

needs,  this is: 

In the InLeroßt of economy,  exlntiriFf toot facll- 
Itloo,  teat equipment,  and  caoabilltles will be 
U::ed where  possible,  instead of develoolng new 
facllitieL;,  test eaulnment and  capabiliLles. 
To the extent practicable,  the most realistic 
operation:!.! environment attainable will be used 
for dovclorxnont testinp'.     Testing v;ill be con- 
solidated v/hen feasible,  to avoid  duolication. 
Test data available from other sources or obtain- 
ed durlnr oarlv stapes of development testing 
will be used to the maximum.^-^ 

Test needs must be  intellirfently evaluated, particularly 

for construction,  due to the lead tl.ue needed for devel- 

opment or scheduling of government facilities.     Capa- 

bilities and  facilities that exist for testing must be 

known and used.    The SPO has been instructed to look to 

his parent organization for assistance  in planning for 

teat facility requirements.1^ 

Once the OPO has decided what his test support 

needa are he must document hia requirements to the test 

supoort agency,  in this case Category II tests to be 

suooortcd by one of the National Ranges.    Each test 

requirement must bo documented  for good management, and 

the format of the test documentation should be standard- 

ized to include all essential data,   c    Each range has a 

21 
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aeries of time uhagc-d fornntB  (noraally referred to as 

ranpc requlrcmentR rlocumentatlon) that are used by the 

SPO to dlftpluy hiß requiromenta for teat supoort.     In 

the oorly phase of proprain planning the document  sub- 

mitted la brief and Introductory In nature.     The  first 

document 1Q called the I'ro^ram Introduction  (PI).    Thla 

document alerts the range that future tent support Is 

likely and nrovides them Information to pain some under- 

standlnR of the teat  support neecla.    Once the tent 

proprara becomes better defined a more fletniled document, 

the Program Requirements Document  (PRD)  is produced and 

forwarded to the ranpe for thoir review rind prennratlon 

of equally detailed range teat supoort plans.     The PRD 

will be a direct reflection of test data,  facility and 

other suoport needs as listed and outlined  In test plans 

produced by the SPO's contractor.    The final nhase  of 

test support requirements documentation is the Operations 

Requirement  (OR).    The OR Is issued Just prior to the 

test and contains an even greater level of detail than 

the PRD. 

Prior to nid-1966 the 3?0s In 3AMS0 were preoaring, 

or having orepared, Pis (or Planning Estimates (PSs) as 

they were called orlor to 19^8] and PRDs on a SPO-to-SPO 

basis,   some by the S?0,  some by the acquisition 
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contractor,   some by a not-for-profit contractor auch as 
* 

the Aeronaco Corooratlon,  or evrn sonie. at the field 

level of the Aeroopuce Tent Wing at the launch/test 

site.    Test  Bunoort requlrc^nßnts docuiicntation prepared 

on such a Jecentr-illzecl anl har)hazard hasls, although 

confomlnn; to the systems oporoach of each SPO iolng 

his own  Job In hlo own way, lent little to 8tandarcUze3, 

tlracly,  and  high quality produots.    Very little thorough 

staff review was iiaae of system teat plans, development 

plans  (I.e.   PTD? and subsequent documents), and other 

tost roquiroments or test facility olans.    The following 

section will describe aa exocrlm&ntal office that was 

set up to make o  radical  change  In this old way of 

performing test planning and to try to work out some of 

the  Juat related problems. 

In leaving the 0P0 nomentarlly let It be said that 

each SPO ooorates enlarge IndenenOently of other SPOa. 

Thin la basically intended yet If one considers the 

mutual problems that similar (apace or satellite) SPOa 

face then It is apparent that a lack of crosa-fertlllza- 

tlon and duplication of effort could result.    Each SPO 

develops what in called In the business as "tunnel 

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

As will be  described later, thia lack of acrosa-the-SPO 
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supervlslon or liaison by Btaff or line alone can In 

many Inbtances load to Innfflclences that the very SPC 

was set up to avoid. 

The 0P0' R Parent pTvnni'/.atlpn 

In the cnae in stu'iy the SPO's narent organization 

is 3AM"0.    SAK50 In an equlvulent of a product or devel- 

opment divlnlon and operates under the  cor;im'.iiid  of the 

AFSC.     This section will  dlacuas SAMGO's  Involvement 

(over and above the 3P0)   in the test nroccso.    An orpan- 

Izatlon chart of SAl'iSO is  Included "s Figure 2,    On this 

chart  certain key SPOs and other offices have been Mrh- 

li«hted  for use with the  following: discussion. 

The mission of SAI'SO  is as follows: 

Plnns,  pror/rai-is,   and  rr.anar.es system nrorrr^iins to 
acquire qualitatively sunorior r.^-'ce and missile 
syntems, AG£ and other subsystemn,   an3  related 
hardware; provides for the activation and alter- • 
at ion of missile  sites and pround launch facil- 
ities;  performs the  functions of launch,  on- 
orbit trackinp",  data acquisition,  and  command 
and control of DoD satellites;  and effects 
recovery of various soace packages,  l^il^ 

It mlffht be assumed  that 3A/i30 manages the SFOs 

assisned to 3A".30,  yet in practice each SPO is quite 

autonomous and Ineffect answers literally directly to 

the DoD Deputy Director of Research and Enflneering 

(DDR&S).    There 1B no doubt however that the  reason for 

2^ 
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DAM30 exlatcnce lo to suptjort tho SPOB from the »yatom 

concept formilatlon by the Director of Develonnent 

Plans, launch optrftlons by th« Aerosoaco Teot Wlnr^a, 

to the monitoring of conotructlon of now test facllltleo 

by the Director of Civil Enr.inccring.    Policy reads in 

System Program i'lanuro'nent Proccdurfis that:   "All orrun- 

laotlonnl oloments v.-It hin or functionally related to the 

SPO will adhere to and  ouoport the  Implementation of the 

system program mnarenent proceca/'lS    This policy of 

parent organization  staff and line suooort of the SPO 

Is further ^pllfled  in AFSC'a System Propjram Office 

Manual,    Of specific interest and apolirjation to the 

dlscUBsio.i in this paper is the suppested uce of a 

cervice etaff to perform oooled tasks for all SPCn. 

The following lists this puldance. 

AFSO üystems Division Staff Organizations, 
Division  staff elencnts are those which have 
resnonaibillty for providing advice  and 
asslntance to the  commander.    In rolfitlon to 
the SPO,   staff functions are often two-fold: 
to advlßo and aBsist the 3P0 regarding? oollclcs, 
criteria,  method«,  and procedures developed 
locally or directed by higher authority;  and 
to perfom soociflo ^rmrtlons for or In support 
of the liJO wh^re  caoabl-Uties has b'öen cooled 
to, gervc dlvlr.loq wide 7ind must be  rcaoonslve 
to the  system orogram director,     [under lino 
added] 

AFSO Systems Division Lino Organizations. 
Division line elements are those which have 
the responsibility, authority, and 
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acountablllty for Brlmnry dlvl&lon objectives. 
In'AFSC cvstoras divisions, tbo line elements 
conolot of the SPO» und  certain ßpeclallz.od 
technical functions such forelf-rn technology 
«nd civil cncilneerlnr.     Those lotter orpanl- 
zatlono furnish socclflc operational suooort 
to the SPOr, anfl asünro education In tho areas 
of their Ht)eclalty.lft 

If tho G?0 Is to accomplish the complex task of 

oyct.om mana'mont tho System Program Director  (SPD) and 

hlo S?0 personnel must look to many outside apencles 

(oiJtnldo the 3P0) for suoTiort.    Only by continual coop- 

eration and Joint effort between the SPO and supnort 

agencies can tho SPD achieve his mission.1' 

The SPO* s parent organization will normally have a 

wealth of background and depth In matter of great 

Importance.    These may be  In solutions to technical 

deolpn problems, support  in research areas,  and special 

knowledge on procedural matters pertaining to systems 

management Itself.    It Is  such an area that the SAMSO 

commander organized ond  staffed an experimental division 

within the Plans and Onoratlona Office to oversee the 

functional area of SPO R&D test of missiles and space 

vehicles 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 
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of reviewing of all SPO test plans and development plans 

In the area of range rcqulreracnts and National Ronge 

test support.    To Insure that ItB  guldariCG was carried 

out the office was also chorged vrlth conoolldating the 

physical preparation of ranpe tect support documentation 

(Pis, PRDs,  and all revlflion thereto).1^    The office was 

also charged with Dtaff review of all ranpo  (mlasllo 

flight) safety matters and range  Instrumentation needs. 

In short this small office  (approximately ten officers 

and two typists) was Intended to orovlde a service staff 

in a functional ares   (ranpe test support)  for all SAMSO 

SPOs,    The Intent was to ceutrttllze the function,  stand- 

ardize procedures, and provide for SPO and ranpe alike 

one office or a central-polnt-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 expect timely service 

and that the product was consistently superior to what 

they had under the previous mode of operation.    The case 

of the preparation of range test support requirements 
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öocuinontntlon (of \-.uch the author weo directly In 

charge)  Involved the collation from v/batever uourcco 

ftvalloblc,  tost requlreraentH that were; validated by the 

UPO then displayed onto tho proper rp.nge documentation 

format.     In approximately two yearo of work  (n)ld-1966 - 
i 

nld-1968) all SA'lSO SPOo were Incoroomted Into this 

proeoduro nnd over Ao different programs were being 
i 

serviced.    Tho decree of success that this office 

achieved  io difficult to measure, yet It was established i 

that documcntntlon of a higher quality  {accuracy, 

validity, and standardized format snr1 terralnolopy)  and 

more tlTioly nnt.u.re  (shorter preoaratlon time or with 

more time orlor to test) was belnp, Tiroduced.     EJlrallar I 
f 

advnnto^on vere being accrued  In the areas of ranpe 1 

safety and tent Instrumentation. 

At this point  It Is best to lea\e this particular 
* 

discussion,  as more will be Included In later chapters, 

ond move on to the final two members of the tost team. 

These two, tho Aerosoace Test Wing and Test Range are I 

most   Important since they actually become Involved In 

the actual conduct and support of the test. 

The Aerospace Test Winp:  (ATV/) 

The AT'.f Is tho prime S?0 teat representative at the 
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teot alto  (Test Rarip;o).    The only reason for the ATW'o 

existence lo to provide on the soot day-to-doy field 

management of the actual harövmre tcstn.    An orpinlza- 

tlonal chart for the 6555th AT'.'/ located at th« AFSTR Is 

shown as Flfrure 3.    The other ATV/, the 6595th AT'.;,  is 

located at the AF./TR and has similar öutles and  Is 

orRsnlzed In a corrospendInr manner.    The 6555th ATW Is 

charged with the launch of all Mlnuteinan ICEMs, Atlas 

boosted payloads and Titan III boosted payloads fired 

for the US/iP on the AFETR.    ReferrlnR to Figure 2 It la 

found that the 6555th ATW Is organizationally In the 

chain of command under SAI130. 

In the area of Interest of this report It Is found 

that the 6555th ATW also uses a single or central-point- 

of-contact to receive  (primarily from SAM30) notification 

of new test workloads.    When the SAMSO Tes* Operations 

staff office prepares range test support requirements 

documentation on an approved SAMSO  (SPO) program It Is 

signed by the SPO Test and Deployment Division.    This 

signature certifies that the requirements stated on the 

document are valid.    The requirements document Is then 

forwarded to the 6555th ATW Plans and Requirements 

Office  (the ATW central-polnt-of-contact) for further 

staffing by the applicable launch division before 
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submission to the Teet Range for support plonnlng. 

Further invcstliration Into the 6f355th ATW orcanlzetlon 

reveals,'that both tho Atlio and Titan 1X1 launch dlvl- 

Blona' sen'e tnveral poyload and booster 3P0H located at 

SAM30. 'Thuß between the ATW Plona and Roqulreraents 

(staff) Office and tho launch dlvlalonn we find a further 

raovement fro-n the «trlct 3P0 dedicated or aysteraa inanafre- 

ment approach to a comton service or more functional 

approach. 

, To cap off this dlscuosion of the major organiza- 

tions involved in r. test of a cpace or mlnaile ayatem 

the Test Rans© will now be reviewed. 
r i 

.The Tost Ranee Is essentially a focllity to nrovide 

a location to prensro and launch the particular test 

vehicle and to gather whatever test data is required to 

evaluate the  test and  tho test item perforTi^ncc^^,??© 

Tho ranges operate numerous sensing systems  (radar, 

telemetry,  optics, etc.) which gather the desired data 

for delivery to the SPO and his contractors.    Tho tvnes 

and degree of supnort.of the test is as requested in the 

previously discussed test support requirements documents 

(PI, PRD and OR). 

32 

-      —•—: ■■'•"■"■", "'  ■ '" ' ■ ii    BumfBuffm ■^■MMMB 



mmmmmmmm^m*i^^~^^^^^^^^^mm^mmwm^mmm^^^^mM   <•   i   m 

The Tcn'o Ranpco ulso operate on tho oentral-polnt-of- 

contfict principle for tost workload coordination.    Refer- 

ring to the organization of tho AFETR (Flpure A) and the 

AFV/TH (Flraivo S)  the Plans and ReriUirrraente  (staff) 

Office is the initial contact point at each ranse for 

new worl: (tent ouprjort requents).2^    At the AFKTR respon- 

sibility for the PRO and OR rosponoes shift to the 

Diroctorote of Ran^c Operations,  still maintaining tho 

idea that nt any tjolnt in tho program life cycle thore 

is only point of contact for the requirements.    At the 

AF.JTR the PUt.p and Ucquiromonts Office oreparea the PRD 

roononao and the OR responaihility is transferred to the 

Directorate of Ran^o Ooeratlons,    Regardless of the 

differences,  tho principle of slnglc-rjoint-of-contact 

for each situation in retained. 

At each of tho offices (or polntt-of-contact) dis- 

cuooed above a concolidation of like  Jobs for all test 

agenclea  (S/J1SO DPOs/ATV/ being Just some)  has been per- 

formed.    This oction simplifies procedures and adds much 

efficiency ove~ any operation that would be fractionated 

by SPOs. 

The Tent Team in Perspective 

The object of this chapter has been to trace the 
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path taken by test ranpo support roqulrcjoents dooumonta- 

tlon from 3P0, throuph tho SAKSO ataff, to tho ATW, And 

finally to tho Toot Rnn^o,    Tho orlrao thought at this 

point Is that 3P0B are orpnnlzcci haalcally as almost 

autonomous organizations In contrast to their more 

functional parents and supnortln^ affenolcs.    ./hen tho 

principle of oInKle-rjolnt-of-contact Is applied at the 

Test Range and ATVf, then the SPO parent lo faced with a 

problem In matching tho field to prevent the confusion 

of each and every SPO polng separately to the field for 

each test requirement action.    It was foiind that by 

removing certain functional jobs from ell  S?Os and con- 

solidating thera at tho  staff level of the SPO parent 

organization that many benefits of standardization, 

quality, and timeliness resulted.    Frc a almost an 

Important point of view the slngle-point-of-contact 

principle waa extended one more step and In effect the 

SPOs had one voice  (channel) to the ATW and Test Ranges 

and vice versa the Test Ranges and AT'.7s had one voice to 

the SPOs in these particulnr test matters. 

With these and the previous chapter as background 

and explanation of tho test situation the next chapter 

will address additional management problems encountered 

in the SPO test environment. 
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CHilPTE« IV 

3TS2SA PROGilWl OFFICE TUST PROBLEM AISAS 

The oV-.Toct of thlß chapter ID to continue the 

dißcuHSlon of the traditional iJPO mode of teat raanagc- 

ment and to (loscrlbü certain continuing problem aroae 

aosociatcd with that method of doing buolness.    A^.aln 

it ohould be etated that the ovor-all intent la not to 

"tear down" ö?0 or eyoteraa management but hopefully to 

identify certain areas which if chaneiod could Incrüase 

cffectlvonoob or loBoen the cost of test ooeratlono.    As 

has been impllnä before, the accomplishnent of these two 

objectives  (increased effectiveness or less coat), 

particularly the latter, may bo very difficult to 

measure, usoeclally in dollars and cents.    The object is 

to in general devise a better way that has less snaßs 

and has a greater ovor-all chance of conslstantly being 

successful. 

Syatema management la no doubt here to stay,  as it 

probably should be, and will probably continue to be 

used in applications where it la beat suited, its 

over-all advantage of clarity of purpose (miaaion) la 
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difficult to match on proßrarao of major raacnltude.1 

Yet every organization or management arrangement can bo 

Improved upon and the perfect one has yet to "be do vised. 

The following problem areas (in only the small area of 

test) have been taken from the author'» dally contact 

experience over seven years with 3P0s from the vantage 

point of the SPO's parent oreünlzation (3AMSO) 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 manage- 

ment Implications of these and the general SPO/syatems 

management concept will be deferred to the following 

chapter. 

A Costly Way to HonaFre 

The SPO rjrm of management is inherently an 

elaborate way to manage and acquire Systems as it spares 

little in the extent of the organization. The 3PD has 

great authority and has a 3P0 which is equipped v;lth an 

extensive array of talent (engineering, procurement, 

administrative, scientific, management, etc.). When 

used in its unadulterated forra the S?0 is extremely 

autonomous in its striving to complete its assigned 

task. The SFOs as originally intended relied on few 

outside of its own talents and that of contractors 
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under dlroot control.    Policy proaonted in this paper of 

a more r.'ctmt inUiro hau bo©n to modify the SPO'o 

Independence ixnß olace prcatrr eraohaslo on review and 

euoport by other l^vela of nanapomflnt and functional 

nreaa oi' the narrut orpani'/atlon. 

An nmtlonc] before,   nyotems mnnaireraent  (and the 

SPO concept)  fivt\t camft Into Its own was during the 

"cruBh" "raonoy* ü-no-objoct" raloalle dovelopment effort 

of the nild-1950n»    Orantei,  vrhen wo have a highly urgent 

need of such wcu-nitude, v;o will and rnuot do anything and 

everything ^ find a bolutlon.    If the method doesn't 

Include the niceties of manopement and disregards costs 

In trade for offcctlvcntjjs,  then no doubt It was 

nccesHary.     Such n need In not now before our 3P0s and 

to make It woroo the country seems 111 prepared to stand 

the cent.    AF exrilalnod by General B.A.  Schrlever,  It 

appears that the short-cut costly route  (with little or 

no higher headquarters staff review) once followed 

(circa 1950 s) will be used on a very limited basis In 

the future.2^ 

This problem of lack of funds to support several 

small programs (or SPOa),  as we see In the 3AMS0 mission, 

also falls Into the area of: do we have enough resources 

to set up and fully support on an Individual basis this 
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many SPOo?    It woulü appear that full-blown SPOa,  for 

many araall programs,  are ootcntlally wasteful especially 

If there lo any commonality ■between the programs, e.g. 

common launch vehlcl«,  flight plan,  launch range,  etc. 

When omall .'3POa  (or email programs)  arc  sot up, they 

Inherently have few neoole acaigned.     The lack of oeople 

to bo expert In every area that a 3P0 in Involved creates 

difficult condition.'!.    Each man must double up in duties 

and probably can't do any Juatice,  he  Just has too little 

time to learn all the  Jobs. 

Uncoinnon ßolutlono to Common Problems 

The program-by-pi-ogram approach, which is what 

aeparate  indenendent 3P0s imply,  has a definite problem 

in communication between SPOa.    Cross-fertilization in 

tcchnolofcy must bo used if we expect to arroly a success- 

ful solution in one area to another.    Within the existing 

3P0 atrucbure too little "croaatalk" occurs between SPOs. 

There is a great dependence on people, their experience, 

capabilities and that of any contractors there at the 

moment.    Each teat program tends to go its own way with 

too little Interchange of data and experience.      The use 

of functional staff or line organizations to either 

supervise or perform the work in areas of Interest 
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canmon to all SPOst can do rauch to alleviate this problem. 

The author hno Domonnally witnessed different SPOs 

wofklnfj; o-i p.itiillur o^o^raraa  (i.e.  same orbit,   oarne 

booatcr,   sjlr.rilar lr-vcl of technolopy) and  havitii3 essen- 

fally tho exact name technical test problem;  one was 

proceeding In om.' manner,  the other didn't know what to 

do.     Even  ohouph tho  two SPOn wore phyoically less than 

100 feet apart the author bocame the technical ^o be- 

tween.     It Is not to difficult to Imagine a very costly 

r.nd potentially test  failure developing out of this lack 

of petting no^ethor over common test problems, 

Loat ImportIse 

Every Job has its aspcetc that are routine and the 

same  as the last  Job.     The K«D field in general appears, 

to the newcomer from the oporatlons field particularly, 

that there are few routine operations, no  standardized 

procoduren,  and a condition that is less than clearly 

otructurod.    Although this is not entirely correct it 

seems so to most and having been in one R&D organization 

does not provide immunity to the feeling.    The breadth 

of different activities in the R&D field are staggering 

and 'ut takes a now man on the Job (regardless of back- 

ground)  some  six to twelve months to really gain enough 
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uriderfltandinß to become productive.    The rapia rotation 

of people In and out of as.'jiniraonts conmoundti tho 

problem of an already lo«s tliun clear situation. 

Each tlrao an exporiencod man Icnvnn the SrO his 

expertise  Is essentially loot.    Tho nev; man hns little 

to fall back on unicse It be the office files or-, If be 

1B lucky,  an office member who has the knowledge -".nd 

time to hclo him through the rough period of fretting 

oriented.    Most pßoplo learn the  hard   (and time consum- 

ing) way» via ml stokes.    They come Into a SPO,  are felven 

a task and vJlfch their comoletT lack of knowledp;^ and 

urocodurea   have  a very difficult time.     The test 

function Is very critical in that numerous outside 

agencies  (suoh as discussed   In the previous chapter) 

have a iv.'rlr.d ^f procedures,  forms,  regulations, 

manuals,  etc.  that must be used efficiently If test 

effectiveness,  or reduced cost is to ensue.     It  is 

impossible  for an inexperienced employee to know who to 

contact, what forms to fill out,  what  capabilities oach 

test facility has, and how he should display test re- 

quirements to get his test program goinc;.    It Is the 

author's experience that the man In the SPO Test and 

Deployment Division with adequate experience in arranging 

for test support is the exception.^    The advantage of 
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uao of contlnulur, ataff  camjort In this cane 1B obvious. 

The? h" c;li_of^p.tj^THy ^Bt Pooimentotlon 

xK& was dlfjcussod, In Chapter 5 the majority of 

officer rocclv^ar test  ^iionort reoulrements documentation 

dowqstrc.'!.'!! fro:-! the  OPO   (i.e. AF'i and Test Range)  have a 

ccntr.'l or alnrlc-ooint-or-contact.    To ease their Job 

of review arid nvaner etfafflng of rosponses or support 

planri woveral things ivür.t be strived for l,n Input     ' 

docnuif ntation quality.     Whan documentation lb prepared 

or> a BPO-by-H^'O oi' decentralized basis for pro^rara-by- 

progr-i,) it will  rarely  renult In a smooth standard 

■  product.     Each !1?0 will uao dlfferer;    terminology, 

format, vraya'of prooentlrij-? material,  snc3 level of 

detail pro vide a.     It ,1G cil,t;flcult to Inaure tiraoliness 

of submitting the docump-nta to the teat support agencies 

since the  SPO nay be busy elsev^here v/lth his meager 

raanpover. 

Going bac-v to the,' original statement,  to get good 

sUpporl the 3P0 must submit good requirements.    The 

test agency niu^t know exactly what is aBlce|d or wanted, '■ 

It must know ,that if a certain requirement  la present It 
i 

will bo displayed conoistontly on, a certain page In a, 

Standard way,and terminology.'   The use of correct 

I ! ,' i I 
I I 
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prooodureo ppd channola of organlRatlon with neooeoary 

coordination  i« Juat (roocl nianof,ern«nt, yet nuch cannot be 

aomired if inoxperionocd people; on a deonntrallied and 
i 

uncontrolled basis arc  InvolverJ.     The inex-ocrlonce 

factor ßhov;r. uu in t&nt docuracntailon quality enpccially 

in tho oltuation that many S?Oa  Juat have little real 

knowledse or «nderotandin^ of their actual test require- 

racnta.    As a ro'sult they exprcan them neither correctly 

or completely for tho total test aupport needed.    The 

laclc of time  and SPO ability' ohov/s un in a failure to 

communicate nweds in a correct and efficient manner, 
i 

Minimum supoort consistent with test objoctivfcs must be 

asked for,  not inflated or unrealistic needs.    Again 

the use of an officei to perform this  (a cormon)  service 

for all SPOs,   to insure quality,  timeliness,   standard- 

ization,  format, nroccdurfis, terminology,  and correct- 

ness and CDmpletene'ss of test requirements can prove 

very beneficial.    Such an office  can easily identify 

common requirements between elmlüar programs and express 

them in exactly the same way. 

Lack of OomrnUnication Between Units 

When SPOs: deal on a completely fractionated basis 

on their test program it may benefit one SPO but the 

'A4 
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ovcvPDll offoct for all tt^onoico in the test team may be 

less than optimum.    The lack of ability and tlrao of SPO 

tent porfionnol to pron«rly addreoa their test needs and 

suviport ImpnfJoa the flow of com-nunlcatlon.    To communi- 

cate In terns of testing efficiently one must "think 

tert" not  Juat program.    The SPO tt^nda to underestimate 

the Import'-mco that proper (or Improper) work on his 

part In the test requirements area will have in effect 

on the AT',; and Test Ranßea.    The lack of Interest on 

thr üi'Oa oart In keeping the teat apcencles informed 

creates a teure-, non-coonerative atmosphere which does 

little to improve the tost support planning or future 

dealings. 

The to fit team must work on an extremely close basis 

If to be  really effective.    Yet this mutual trust based 

on continual  faith,  honesty,  and belief la not always 

in evidence.     The "not-invented-here" approach is 

unacceptable if the SPO'a test la to be truly managed in 

an efficient wanner.    People muat talk together often 

and long to work out the details of support.    The 

formal documents must be the best possible but they 

form only the  start and a place to meaningfully begin 

dlscusaion.    The use of dedicated personnel oriented to 

test and all the minute details on a day-to-day basis 
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for all prof/rams Iß on<? aoproach to devGlor)1nr5 the 

Interest to brldpc ßucccssfully the SPO to test agency 

gap. 

Too l\''ny,Jpi;o}^^^n t^B Act 

This last section ia an attempt to hlffhlifht in 

another way wlmt ban perhens been implied before.    When 

each GPO or progrnm makes all hla own contactB with test 

support agencies and on a continuing baais, the test 

agency io inundated  (or perhaps not contacted at all) 

by a different man for each prograrn.    Each may be as 

inexperiencod as previously imnlied and talks  in a 

different language, besides not really understanding 

what  he needs or who to go to. 

The UHC of a email central-point-of-contact 

simplifies the number of people that the ATi/ or Test 

Range need contact to inquire* about any program.    It 

relieves the problem of the number contacting the 

tetit support agencies as well.    The language will be 

standard and the continuity of effort will result in 

improved communications requirements documentation 

product and hopefully the  forthcoming support. 

Problems In Summary 

This section has attempted to emphasize the common 
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problems oboorvcd In the SPO tccling environment.    Most 

teat problems are brought about vrten SPOs operate on a 

program-by-pror.rara bafuo with Inexperienced people. 

Another major fuctor causing trouble lo the sltuntlon 

where the SPO is too Btnall to warrant a large manning 

yet all functions must somehow be acconrollßheci.    The 

lack of underst.anainc; In depth of how to arranpo for 

test via ranf-e test support documentation can cause  Rreat 

confusion.    This la easily avoided with personnel that 

are knowledgeable of proper procedures.    The functional 

oupoort staff has been suggested as one possible help 

In this area.     This office has been discussed in the 

preceding chaoters and will be  further expanded upon 

in the following chapters.     The next chapter will 

apeciflcally v^ver a management treatment of systems 

management. 
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GimPTEH V 

MNAOS/^T'S VH-J OF SYSTEMS MMiMl-WII^T 

This chat)tor will  rovlow Borne of thv thoughtu of 

exports In the management field on the ur'.o of thn Byatems 

raanaf.orjont aonroach.     The nartlcular intent v;lll be to 

relate vhat othors BOO as the weaknesses or problem 

areas that one raust be aware of In uslnt* oysteras manapo- 

raent anä their supgeotlons on how they can be alleviated 

or ralniraized.     The chapter will be dlviäcü  into two main 

sections the first concerning division of work with 

systems aanagenent and the second dealing with tlie use 

of special functional staffs. 

Sy s t e rn s Man a (* e 'no n t _an d Dlyislpn of Work 

Many organization and manaseraent experts consider 

the principle of division of work as one of the most 

important concepts when analyzing or setting UP 

organizations.      Using this concept of division of work 

or departmentalisation  involves Dringing together under 

one  head a large amount of a snecific kln3 of work and 

makes it possible in each case to capitalize on tho 

most effective work separation and specialization, 
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Such an arrangement also foatera econorales of the 

maximum vmc of inasa nroduotlon technlquos arlnlng not 

only fron the annant. of work done or that the work was 

Elrallav tiUt of moot Importance that the work was per- 

formed vlth the onme technique, materials, procedures, 

and motlona. 

Organizations erected on the hasla of. purpOBe 

(ayatema)  have tho built In danger of not using the 

moat up-to-date techniquea and specialtiea becauoe there 

may not be enough work of a particular technical variety f'; 
3, , 

vw  ...,«»..,„   ,L..   !.;S,<.« .,...**-*.,..««  o^w«*,....^^ «...   ««.«.„       The , j-.: 

use of functional or specific process departmentalisation • 

normally takes advantage of the potential of soeclallza- > 

tlon to a fireater degree that  doea a "purpose" •> 

organization.      Subunlts of a aystera or project organl- ;, 

zatlon may be submerged to the point that they lose 

their effectiveness.    This Is particularly possible when 

they are  too anwll to devote  time and people In an 
5 

adequate amount to each and every problem.      The large 

mix of different areas of expertise necessary to sustain 

a product or system aporoach places a definite limit on 

how much arranpenent or rearrangement of Jobs can be 

made to equalize work loads between people.    The 

problem of over using people may be contrasted to the 
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«Sänger of duplication of facllltieo or underusc of 

equipment within a oyatem or product organization.' 

Communications la a continuing proTDlern in all 

organizationo but the lack of it can be particularly 

felt in the product organization.    Tho luck of dioclpllne 

(like Job) tie between pcoule In different projects 

organization  (in the  came overall organization) reoults 

In little croae-fertlllzation awonp then.    This oltuatlon 

of working sonewhat In Isolation,  and with apparent 

little concern for keeping current on or in contact 

with othero in the same flelö but wording on different 

projecta, may well be the key limitation of the product/ 

project structured organization.'     Communications of 

course should not be limited to between disciplinfts. 

There Is also' a problem of facilitating communications 

between the project man and any other c.sslsting unit 

within the parent organization.    Since the project 

manager cannot 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,°»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 ttutonoray in an other danger often cxpresood 

"by vrllcra In management.    V/hen a subunlt lo given a 

grpat omount of autonomy this may develop Into such 

Indopondonoe from the paront orpanlxatlon that the beat 

Intorrrjlo of both are not being served.        Close 

attention to thic perhaps rare, but potentially unfortu- 

nate  altuatlon should be maintained. 

An IntcreBtlnir dioadvantage of the product 

Btructured orevmizatlon Involves the multiplicity of 

external contacts that may be necessary If there la no 

centralization of certain functions (such as sales). 

Thin condition can be nlrectly translated to the condi- 

tion of all SPOs contacting the test agencies  separately. 

Although It may seem clear to divide by project, the 

linen of demarcation from this point became Increasingly 

blurro'l and overlapping.     For example: consider the 

confusion and wear out given the customer If each 

product goes to him separately, why not send  Just one 

representing all'A^,13 

The Use and Advantapco of Functional Service Staffs 

A functional service  staff or the use of service 

staff authority is a staff group that carries out a 

particular activity for the whole organization.    This 
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activity has "been oeparatcd from line Jobs and la 

porformed on a centrallzied and controlled basis as a 

oervico to ell lino unit a. The use of ouch an arrange- 

inont Irapllea that if a line manager requires such a 

Rorvice bo must GO through the otaff unit to obtain 

the service, he cannot duplicate it himself.  ' 

The functional norvice stafC can aid in the 

integration of talents or specialists in a particular 

area for all activities. This integration takes place 

by cooperation, coordination, and control. Thin overall 

communication/coordination problem inu"t be solved If 

speclallr.ntlon is to be uned to advantafjo and like 

disclplinoo kept, in contact.   Many organizations have 

answered the» need for across product assistance of 

specialized functions by the use of service staffs, 

particularly in those needed by research engineers and . 

scientist«.  The exact type of service will of course 

be highly dependent upon the need and field of 

activities. ■'■" 

Beyond Improving communi cat ions in a complex 

organization the functional service staff has perhaps 

the even more important Job of consolidating or central- 

izing the specialized and functional managerial and 

organizational resources to achieve the maximum in 
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pö'rformonce üfficltmoyt4"0   An functions become more 

coraplox th©.efficiency, bjr whlph they are oooi'dlnatcd 
l 

directly af'fccto the economy of the operation.    In 

general a complex line unit  (such as product, project, 

or Byötcra) will not do as good'a Job in a highly 

Bpoclali/.od area as will « dedicated späclal upit. 

The economico of' centralized operettions make it very 

important that' a oervice staff be used if at all poeelble, 

Such practlceo achieve economies by tmlforp proceduroB 

and generally more'effective work.19 

The Uno of staff specialization of skills of course 

is not new by any raean6.    Traditions,! ones include 
'       on ' finariclal,  market research, and even RftD .itself,^^    The 

i  '■ ,        ■    >■ 

U3AF has also recognlaed their use in' instructing tlie 

SPD in his duties.    Although the SPD has complete 

re'sponsibility ahd authority for the successful 

eccomplishtient of'all matters related to (his program, 

he must depend on service organizations to assist in his 

pro gram, effort.    The use of SPO parent organization 

staffs in legal, .procuremeht,  financial matters Is 

required.^   Another perfect example in the same »rea is 
/ ' ' '     ' the use of centralized civil engineering functions.    (      , 

'    > '     ' Each SPO will be assigned a civil engineer with respon- 

sibility for all system facilitlep planning and 
i 

t i 
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acq'uloltlon. He may eloct to phyolcally colooate with 

the 3PO If the tilae of the program warrants. In any 

oaoc he la a direct representatIvo (member) of the 3P0 

parent(Organisation civil en^inecrlnK office (see 

Figure 2) and will receive auoport from the civil 

pp engineering nctlvltlot;. 

Summary 

This chapter has attempted to portray some of the 

drawbacko to purely project oriented organizations as 

seen by some of the experts in the fields of management 

and organization theory. The problems of communication, 

^roso-fertillzation, economy, higher quality work In a 

special area have been highlighted since they directly 

correspond to oome of the SPO problem areas as discussed 

in Chapter 4. The concept of ualng a spuciallzed 

functionally oriented ctnff has been outlined as a 

potential for easing if not solving many of these 

problems. The superimposing or combination of the 

project structure and the subject or specialized 

structure appears to offer a considerable advantage over 

the project structure alone.2' 
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CHAPTER VTI 

COKCLUaiOiiS AKD HliuOIvu^KDATICWS 

Prior olxapters of this paper have outlined the H&D 

tect of raleoiloö and space vehlolen from the SPO parent 

organization point-of-vicv/ with the object to Improve 

tho efficiency v/lth which those tests arc managed.    The 

study has dieeußoed the importance of RuD as the basis 

for technoloeical progress and  the test portion of R<iD 

as critical to the evaluation one! determination of RiD 

hardware performance. 

Conclusions 

The use of the SPO/aystems management approach is 

an elaborate and costly project oriented structure which 

aiay have icany problens when applied to small programs in 

a limited resource environment.    The lack of experienced 

personnel continually plagues the 3P0 when preparing 

test support request documentation.    This shortage along 

with the fact that each SPO man rarely gets enough 

repetitions In Jots/tasks to become truly expert 

results in a generally poor tost documentation product; 
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Commun1c~t1ona 1s a second l~rge problem area tor SPOa. 

Commun1co.t1ons tend to breakdown between SPOa and be­

tweon members of the teat team. Such a brealtdown 

impedes the ::"low or vital 1nfonnation and cauaeA undue 

friction bet,;een &.11 conce rned. The aro must avoid 

this problem if 1t is to be successful 1n the long term. 

The wse of e. centl"H l-point-~f-contact between the teat 

team units, b3eed on fu~ct1on~l &pec1alt1ea was advanced 

aa a potential a-~d it1on to tlw proJect/mult1funct1ono.l 

&PO moae of operotion 1n an attenrpt to alleviate oome 

or t.heoe 1nhererJt or POBSiblo SPO orp;l1-n1zat1onal 

structure problerr.s. · Tht!se last two areatt, Cllf\r,dv&ntaF.,ea 

ot tbe proJoet o· ·l cnteu str·ucture and some advantages ot 

a apeolali~ed functional stuff structure wore elaborated 

trora the point of v1"w of wr1Lera 1n the management and 

organl&at1on t1eld of study. With thecc £6neral 

oonolua1ono the following reoommendat1ona are oft6re4 aa 

poealble improvements to tht'! SPO test environment. 

Recor:i'liE:nQ_atlopa 

Improve SPO CE~nun1cnt1p~. Improve4 oo~~un1oatlona 

appears to be a b1g ~a.yorr area tor the aPO. "i1thout 

a4equate oo:~~~~unlcat1ona all taatca become aore 41tf1oU1t 

than necessary. The S4lO nee~• to improve h1a lntcmal: 



oommunlcatlona to koerc hlo people well Informed not 

only of their own mlaalon V'Ut that of  oollatoral efforts 

In other GPOa. SPO personnel must be encouraged to seek 

out thoir "own kind" In oloter 3P0s to foster on 

interohanro of information and data to Insure that 

cross-fertilisation short stops those uncommon solutions 

to common oroblemc. The bleuest effort In the entire 

communications area and tho one with the most importance 

in the test area should go to the test team merabors and 

units. These people have too long been kept in the dark 

or fed bits of information in Just enough quantity to 

keep them interesterl. In the author's opinion the SPO 

has a very bad record and name in this area, Tho 3PO 

must appralce the test team as changes occur and be 

honest with the reasons, if any mutual trust is to build 

on each side. The SPO Is dependent on the test support 

agencies for their support and t.hey In turn, although 

to a lesser degree, on him for work. If this team la 

to really be effective each must understand the other's 

needs and problems and then get on with the mission of 

testing. It is tho SPD'a and each SPO division chief's 

responalbility to initiate and continue a program of 

expanded communications. 

Concentrate Limited GPO Manpower and Resources• 
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With limited »nanpowor ami other rosources the 3PD must 

place hie emphasiB or main  offort« on the things that 

he can do best and that cannot bo delogatod or passocl 

on to others. Such areas mlpht include engineering, 

desipn reviews, production, soheduling, and the ll'co. 

On the othsr hand the SPD should ^ive up routine Jobs 

that are not really pro^xam peculiar and that can per- 

haps be done more efficiently by others. The GPD 

should not use 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 

abolished. This will free SPO manpower to spend greater 

time on the critical areas of managing the acquisition 

of the system and to become bettor at it because of the 

additional time and reduced scope of duties. 

Consolidate Small or Like SPOs •■/herever Poseible. 

SAMSO or AFSC should consider the use of one or a few 

large SPOs to manage several small programc particularly 

If the programs have a nujnber of things in common, like 

launch vehicle, launch range, orbit, level of technology, 

etc. Such consolidations should result In additional 

economies from the saving of manpower, again allowing 

for greater specialization by personnel and potentially 

doing a better Job because of It. Consolidated SPOs 
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should be more responsive to test team needs and bo 

able to make more econoralcal use of all assigned or 

used resources, the test faollltios area being Just 

one such poaolblllty. 

Increase the Uno of Functional Service Staffs, 

SPOs and their establlchod organization policy and 

management procedures should be modified to move from 

the traditional fractionated mode of operation to a use 

of special functional service staffs wherever such 

consolidation appears feasible and in the best interests 

of economy. AP3C and U3AP should take action to change 

systems management directives, in particular AFSC 

Manuals 375-3 (System Program Office Manual) and 375-A 

(System Program Management Procedures) to require and 

reaffirm this modification.  Such staffs appear to be 

best suited to a complex, continuing Job 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 la 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 consolidating work and as a 
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oentrftl-polnt-of~contact the functional servico ntaff 

must bo colocatcJ with the SPO ao ß nart of the» SPO 

paront orpanlzfitlon.    This oolocatlon will allow for 

the dny-to-day norsonal contact and accesß to raeetiriPia 

and Si^ personnel thnt io absolutely necessary if this 

office lo to be  successful.    In turn for the efforts 

of the functional staff the SPO must bo complete in Its 

trust,  support, snd supplying of Information to the staff 

office. 

Continue Une of the BA1430 Coorütlonal Syr-tcnis 

Dcvelontnent ri:jv:lnlon.     It Is recomrr.onded  in particular 

that the Operational Systeras Development Dlvirslon in 

SAMSO Lo further expanded, as applicable,  to cover as 

much of the tent activity as possible.    The use of the 

single or central-polnt-of-contact that such an office 

provides Increases the understanding of test require- 

ments among tho  tost teura members.    This tyoe of office 

can do much to increase tho flow of communication 

between units.    The test area proved a fertile area for 

consolidation of functions and others will posoibly be 

equally rewarding.    The centralized preparation of range 

test support documentation, review of test plans, 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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manner. 

Continn^ii  sturlv of ^thc . SP0/3yetom8 Menapenmnt 

Concept.    The above  rocominenclatlons are provided as 

thooo  aubaiantlated Ly the author's experience, policies 

already stated In SPO directives but not accepted for 

actual or v/idespreHd use,  and the  concepts derived from 

the management and organisation field.    These recommen- 

dations should be reviewed for possible apnllcation in 

areas other than test of space and missile  systems. 

Also  SPO parent or^onizationr. in other than the space 

and missiles Tield   (i.e.   aircraft or electronic systems) 

should be studied for possible use of additional 

functional staffs as an adjunct to their present SPO 

and line/staff orRenijsation arrangements.     In any case 

the  subject of this report and its general thesis should 

continue to be  studied to ensure that systems management 

progresses and  stays an economically coranetltlve concept 

of management. 
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