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FOREWORD
This Technical Report documents ﬁhe progress and outcomes of NASA/HQ Study
Contract NAS W-2752; an eighteen (18) month, in-depth analysis of NASA
Program Practices. The study is the second of two conducted by Lockheed Mis~
silés and Space Company Inc.; the fiprst was undertaken in compiiance with a
contract let by NASA MSFC, and represented the initial attempt to quantify
those practices roubtinely imposed by NASA upon aerospace cortractors, which
are, or have been,causative of significant increases in NASA Space Program Costs.
While the first study identified, and to the degrae possible, quantified
NASA Program Practicesin the four program areas of Specificétions, Documentation,
NASA Geﬁoral Contracting'Practices, and Program'Definitiohg this second study
examined those program areas identified, but not fully investigatéd in the
“previous undertaking. To that end, further analysis was conducted in the Program
SDElelCleOno arez, and an attempt was made to examine the Program Practices |
pursued in the areas of Systems Engineering and Integration (SE&I), and Ground
Support FEquipment (GSE). In addition, the study provides a pfeliminary example
of a novel, more fully def 1n1t17ed Uork Breakdown Structure, and 4 qualitative
assessme nt of the Proawam Rl s believed to be associated with the application
of TLow Cost Practices to NASA Space Pro¢ramS. Both thé WBS task, and thé
',Risk Assessment arose from dlsnovery during the flrSu study, and t“e confirmat-
ion durina the early stages of the preueut‘stuay; that:
“(a) Current NASA WBS definition‘is insufficient to permit the detailsd
~level of costing necessary ﬁo provide onaram Managers with insight
into exactlyfhom and where, program.dollar are svenﬁ; o
f(b) oncram managers have, and stll] do, eXprass concern over the
1uuspected Jncrement in prouram rlsks attennanu upon the 1mplpn~
‘»entaulon of Low Cost Procram Practlcp
During the course of bhe NASA /MSTC study, a Program Bffects taelatw on shiD
Handbook was producnd in preliminary form. One of tbe tasks of this study was
“to deuermlne. by NASA/Industry survey,‘P:ogrameanagemenh reaction Lo the
'utlllty and onlncatzon o; such a Hand 00k, 'Thp requlﬂs of'thj swrvey are
treated in the nain bOdj of the repovu. The results/outcomes of all étudf tas'
‘have been documanted bJ\jnclneerlnc Memoranda (Fms), rele sed as each taoﬁ was
connlen d A]l of these EMs forn uhe te &t of the ADDendlx to tnls Volum@’ and
‘:the} ayppar as the“‘were wrl S ben; in uhe informal sty‘s avreed as adeouaue by
NASA ‘

(iii) :
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Section 1
INTRODUCTION

This study has been performed for NASA/HQ under the auspices and direction
of the NASA/HQ Low Cost Systems Office. In the continuing NASA drive toward

effective, Low Cost Space Prograsms, the Low Cost Systems Office (1cs0)

monitored the study conducted under contract %o NASA/MSPC closely. To a

considerable degree, the investigation of Program Practices, and the ewoluticn

§
;
;
|
s

of lower cost alternates for the historical practices, depends upon the
gxistence of adequate progran records descriptive of historical practices. |
In some cases, for instance the invesuigsiion of ‘the Cost & Practices aspects |
of SE&I, and GSE, resulted in the conclusion that dafhs are insufficient to merit

further inquiry into the subjects. In yet another case, the desire of NASA/HQ

1CS80 to verify‘Costs‘and Practices reporbed by another Government Agency, gave

rise to a tagk of this study (Task 1). The completibn of the MSFC funded stddy
‘culmirated in the production of a Progfam Effects Relationship(s) Handbook,

nence a task of this study was to determine by NASA/Industry Survey the degres

T

i of acceptance and‘ﬁiilihy of such a program estimating tool. Thus, the study

continues some tasks begun in the NSFC'study, amplifies them, and furnishas

results. Those tasks new to this study,,and of specific interest to 1CSO : ,%
have besn pursusd tofthe degree believed profitable, and whers curtailment has |
proved necessary due to lack of data to(continue a givehvtaskj such a conditlon

has been reperted to LCSO. ISCO has issued re-~direction of effort as'nacéssary,‘

;and as suggested by LMSC. This Technical Repbrt represents the study effort, |

both as originally envisioned and as re-directed.




et Thaceratetd

vty

1.1. STUDY HACKGROUND

!hls study covers the perlod June 197 to December 1975, and as orlclnallf

s L TSN

plamned had four (L) major tasks: ’ . i
Task 1 The compilation of Program/Cost Dita Banks for the LMSCI spacecraft v

program P 71-2. and other NASA & DoD Space Prograr
Task 2 The conduct of Low Cost Program Practices analjSlS in five (5) arsas

of program technical interest; (1) Spescifications, (2) Systems Engin-.
gering & Integratlon (SE&I), (3) Ground Support Fguipmeit (CSP}, (h\
Program Work Breakdown Structures (WBS), (S) Program Risk versus Low
Cost Practices assessment. - ‘ ; ;

Task 3 Generation, dsta  of valué to NASA,for inclusion in a forthcoming NASA -

issued series of guidelinss and instructions on Lew Cost Program Pract-

ices (NASA Implementation Directives)
rask li The conduct of a NASA and Industry Survey to determine reactions to Low §é’

Cost: ﬂethodolocv, and to aotermlne the pobtential acccnoanpe, and utllluy b

of a PER Hardbook, whose format and- oonbenu would emphasize the use of

Low Cost PERs when plannlng NASA space programs on a Low Ooob.ba81s

The background giving rise to these tasks, and the subsequent re-direction of
the study due to the curtailment of two (2 of those tasks is as follous:

1.1.1. Task 1 Background: At the outset of thS s»udy (anprox. Julv l9?h)

USAF SAMSO issued a seriss of digests in the aerospace 1ndu5ur“ technical ﬂour—, : .
| als in whlch the clalm was made that the USAF soace vehicle test (STP) K v 5
program was cost efxectlve/lﬂw cost, VASA/UQ LCQO was 1nterested in ob*aﬂnlnv
dptalls ‘of the program practices employed by USAF which permlhtpd this claim
to bn made. As one of the USAF Drosrams discussed in the published information
~was the LMSC program P-71-2, LCSO requebted th t“19 program be 1ncluded in
vthe study: as part’ of Task 1. There were +two reasons for ths reg uast/dlreoulve
(1) Comparlson of ‘methods and costs of USAF programs ve NASA programs. ,
(2) Low Cost Hardware used for the P 71 2 program could be descrlbed Tor -i' 
inclusion ln thc NASA Catalov of- Avallaole Standard Pardware (CASH
, which was 1n Lhn process of comp:laulon under 1650 ausnlces..‘
:{In addition to tne data for the P 71-2 program 1CSO rcquested s1mllar data for :
S IMSC prOgramu P SQ,~and_P595. IMSC applledvror USAf permlsSLOn to releasa
: . 4ia . :

s
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furnished to the LCSO in the form of three (3) IMs. EM LCPP-7, which dealt

in the Appendix to this report. The overview of the informetion these two EMs

from program to program, from contractor to contractor, and the overall cost

data,but dus to the classified nature of bhoth of these programs, the permis-

sion was deaied. However the P 71-2 programmatic data was compiled and

with the hardware disclosure, was delivered to LCSO separately, and hence is ol
not ineluded in.this report, nor ars EMS...ees 1CPP-10, the P 71~-2 Cost Anal- .
vsis, and LCPP-11, the P 1-2 Low Cost Practices Analysis, 411 of these EMs L

were delivered to LCSO as they were completed, and both #10 & #11 are included

centain is treated subsequently in Section 5 following, es is the subject of '
the study Data Bank : _ . i

1.1.2. Background, Task 2 This task encompassed five (5) areas of technical

analysis. The first, which was concerned with specifications imposed by NASA ﬁ

for space programs, had its origins in the LCSO desire to explore further 2

‘the cost driving aspscts of specifications, which had been investigated in

scme depth during the course of the earlier MSFC study. The outcomes of this
portion of task 2 are included, together with the highlights of the analysis, yﬁr
as Sechtion 3 of this rcport. The second area.of apalvs1s was concerned with the

general categeory of Systens Integration and the even more 1OOSFL defined discip- - 5
line of System Engineering (SF&I). While no detailed investigation of this ' -
subiect was underta ken during the course of the MSFC study, cursory examination

of the cost cabegory revealed that the costs acquired under this heading varied

breakdowns were neither deuizjed nor understandable. LCSO believed that an
investlgation of the SE&IL area of interest would furnish some iﬁsight into
maeans of e¢fch1n5 cost savings to programs. Even less detailed information
exists for the GSE aspects of program costing. The usual praetice has been‘to
lump all GS% costs under a very general Categofy, with no'further'breakdown as:
to-cosbs, erdiSpOSition of the GSE after programs have been completed. LCSO - , gé
thus approved the IMSC recommendation-that‘this‘area merited. invesbigation. ' ”

Details of the outcomes of these studies are to be found in Sections 6 & 7

of thls reoort One of the dl;flcultles beset ing both uhe MSEC study, and

this Suudy has been uhe scarcity oF aotalled prograﬂmatlc sost oata. Although

‘WOrk Breakdown Structures (WBo) have been employed as a cost 8COM18‘LlOn/P051 L

tracklnc/reoomtlnvruool, tnﬂy have seldom contalnnd sujflclent detalled bask

data to permlt eithsr valld ingulry into what program.actlvlty has been under- R

1-3 ‘
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taken for some given level of activity funding, or what detailed work cost

“how much money. If it cannot be demonstrated that program costs per unit task

are of some given order, then it is not possible to estimate with any accuracy

the savings to be derived from the implementation of ldw cost practices. The

"New Look WBS" task was proposed and undertaken to afford insight into such

an area of interest, and the description of the task and its results are con-
tained in Section 8 of this report, as well as EM LCPP-17, which furnishes

details, and is contained in the Appendix. The Program Rigk versus Low Cost

Practices assessment was undertaken as a task arising from NASA/Industry concern
over possible increases in program risk attendant upon the institution of Low
Cost Program Practices. The concern of both NASA and Industry space program man-
agers with the potehtial risks assoclated with the adoption of Low Cost Program

practices, was volced by almost all of the personnel interviewed during the

course of Task li, the PER Survey. Chronologically, Task L preceeded the accomplish-

ment of the 5th of the technical inquiries; however since the concern over risk

1

was so widespread as reveazled by the PER Survey, this ares of technical interest

was accorded as detailed a.qualitative treabment; as the availability of data

et o e b

on the subject permitted. The results of the qualitative risk analysis are
summarized in Section 9 of this report, and EM IGPP-15, included in thé Appendix,
furnisnes details. , : _ ;
1.1l.3. Task 3 Background: By agreement with’NASA/HQ LGSO this task consisted

of the generation of a series of guidelines, and instructions on the subject
~of Low Cost Methodology in general, and Low Cost Program Practices in particular.

rThese were to be used by H/Q in ‘the preparation of Implementation Directives.

Implementation directives is a generic term for those official documents concerned

with Low Costs. As such,these direchives are expescted to form the subject matber

of éither Policy Directives, Management Instruction55 or both. For this reason
the IMSC data/wuldellnag/lnstructlons are examples only, and are not included
in uhe Annendlx to this Technical Reoort. An EM, ILPP-18 has been preparad con-
balnlng these examples, however, and thls.{ﬂ has been delivered to NASA/HQ'sep~
arately. iy . = E gner &

1.1.hs Taox L Bac&rround AF bhe close of the Mﬁfc prior study, Li8C preoafed';

and de“lverad to N SA/HQ copleb of a prollmlnary P”R ﬂandooo“. PERs mav oe ‘

~ "1 A
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defined as an estimating device for progrem managers which shows the relation-
ship of a given program practice, to program costs. Costs of customary pract-
ices were contrasted with Low Cost Program alternate Practices. In order to
publicize the existence to this programmatic tool, and to nobt only improve

the content of the handbook, bubt also gain ideas into what other PERS might

be of value to NASA and industry program planners, and menagers, a PSR Survey
was undertaken. The extent of this survey, the modus operandi for conducting it,
thae formal questionnaire prepared by LMSC for completion by the psrsons inter-
viewed, and the outcomes of it, all are summarized in Section L of this repor:.
Details of the survey, and an example of the questionnaire form the subject

matter of EM IOPP-12, which is included in the Appendix.

1.2. Study Goals: The major goal of the study was to evolve by various means
alternate program practices for NASA space programs, which, when implemented,
would effect financial savings when considered versus cushomary practices
which have proved to be cost drivers. The general goal had four subsidiary
objectives as follows: )
(1) By investigation, determine the cost impact of current NASA practices
: applied to hardware procurement, monitoring/control, development/qual-
ification upon program coshs at aerospace contractors., Such investig-
ation was believed to be valuable in the identification of significant
cost trends, and the determination of overal program cost effects.
(2) By analysis of space programs historical data, or equivalent data/
proposals for near futuré programs, SPeCific program procadures, or
contracitor-requiremants chgngés causative of program COSt,rsductioné
could be identified. EER R S
(3) Determination of the‘qost reduction impact. of Low Cost,Practices%-by
means of historical data comparisons, or by a procsss of logical
estimation. Such data wers to be displayed in a manner designed to
facilitate cost effective decisions for future space programs, by
management personnel. _ SR e
{4) Preparation of specimen docﬁmehtS;vsuch as re-written versions of -
selected specification&,,Such doéuments,stylad to accomodste Low I
Cost methodology, and its implementation, could then bs imposed by
NASA On‘fuhure spaCe’programs,:with appréciable cost benéfits‘as_thé

fesulté-- i ey 'nl_s-
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< 1.3. Study Scons: The span of the study was eightesn months, from June 197}
until Decemeber 1975, and the final report was to be prepared in the last month
of the study. 7 ,

The tasks of the study were L in numbd_, as shown in the task outline appear-
ing on Page 1-2. Task 2, the analysis of specifications, had five (5) sub-

tasks which are discussed as to pervinence and background in Section 1.1l.

All tasks were completed; and the oubcomes were documented in a series of 19
Engineering Memoranda, LCPP-2 through LCPP-19. 000195 of all of these memos

were delivered to NASA as they were generated, 'and further copies of the series
appear in the Appendix to this technical repoft, with two (2) exceptions.

EM LCPP- 7,iand EM ICPP-18. These two EMs had no dirsct bearing on the outcomes

of the LCPP analysis tasks as such,for reasons stated in Section 1.1. and ¥

were therefore excluded from the Appendix.

1., Study Cuidelines and Assumpuions: One assumption was made, which pertained

throughout the study, and six guidelines were proposed to NASA/HQ who concurred

with these propositions. These are listed as follows: , , . » -

1,h.1. Assumption: In all cases 1975 technola»r has been assumed adequate fo*

*mplemenbatlon of improved, cost ePfecbxva program praculces. evo]vnd as outcomes
of the study.
1.L4.2. Guidelines:

1.4h.2,1. Cost impact areas sslected for the study emnhasms apaWyses will be

 .those mutually agresd potentlally profltable in terms of evoluulon of cosb
effective practicss, by LMSC and NASA/HQ. "

1.)1.2.2. Spacecraft technolozy changes, will'noﬁ‘bé'considered to influence

the basic program prachtices under 1nvast1»at10n.

1.L.2.3. The study will consider oan un—manded automaued swacmcvaF programs[
(This guideline was NASA/HQ directed)

1.h.2.h.Data prepared during the premlous‘MSTu study, to be used for a starting

B e L

point for the curfent study. _

ygfh.E.S. Thoseiaréaé»believe@’to onssass the highest cost~é$ving potential
will form the emphasis areas of this study. |

1. h.*.o Data to fac;lluaue the naw unaly31s areas of SELT AND GSE are %o bg

| furnlsncd ny HAQA ag are sceﬁlflcntlon~ure° 1i°tinss;bdﬁhér data’

R ’afwllable»from such sources as the Libraxy OA ConwreSD Sﬂlcnblch Data

to be used, as, and Where,‘peitinent.;
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SECTION 2

SUMMARY OF STUDY RESULTS | |

2.1, Study Results by Task: ERach of the sixteen (16) EMs included in the

Appendix to this report furnishes Conclusions and recommendations concerning

the subject addressed by the EM. Further, each section of this report sets
forth the outcomes of the tasks performcd during the study. To facilitate
understanding of the entire study task as a whole, this section 2 includes

a very brief overview of the study tasks, and the major conclusions to be

drawn when considering not only the tasks themselves, but the sbtudy as s whole, @
2.1.1. Task -l Overview: This task was undertaken during a period of rouzhly the o
first eight (8) months of the program, and was ‘divided into two (2) parts.

Part 1 consisted of amassing a complete uecnnlcal dascription of the space-
craft and its subsystems. In addition to the tsshnical Der?ormunce description,
and data sheets descriptive of the componshis usad, sketches and drawings of the
major compcnents were complled from program‘orivinals. ALl of this maberial was
compiled into an EM giving the complete program hlstor" of ‘the program, and,

in two appendices Appendix A, & B,furnished Program Flight Data Reports, and.

355)

Componen® Data Summaries. The main body of the EM was voluminous, consisting o
202 h1ndwr1uten, but fully legible pagas; and Apvendices A & B consisted of

65 and 178 handwvlbten pages respectively. As NASA wished to obtain the»componént
data as soon as possible for inclusion into CASH, and the page count was so large,'
the COR agreed to accept bobth the EM and the Appendices in handwritten state.

By further agresment, sincs the orogramn ﬂad»reO%ivud'acclaim as Low Cozt, and usad
Low Cost Program Practices in part , the EM was delivered early, and doss not app~
gar in the'Appendix to this VQiume. Information from the COR statsd that the M

_was satisfactory as delivered (March 1975). The entire package was 11 ICPP-7.

Part, 2 of the analysis of this program P 11~2,covered the Program Costsa Analysis,
and the Program Practices analysis. Two separate EMs were written to cover

1

these aspects of the analysis task; W LCPP-10 for the Cosh Analvs*“g issued

e
Hay 15 1975, end %M ICPP-11 issued on the same <date; covering the Program Practices

n brief, the cost apalyﬁia was oompmled rom uhe nrosram sumWa mes, but W_ab h,

o+
o
e

addi tnonaL feature that non-recurring costs wereis e regated from recurri cqs

2-1°
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for unit and operating cost categories; and the sscond feature of importance :~
Within the subsystem costs, segregation was carried down to the "black-hox!

or major assembly level to provide as much funsgtional detail as possible.

The Program Practices Study for P 71-2 showed that high equipment, and design in-

heritance from one program Lo another contributes a major cest advantage, and

contrasted 3 Low Cost Practices in nonrecurring cosbts versus thelr complamentary
igh cost practices. A similar mezans of contrasting cost was emplcyed in the unit

recurring cost area. Disregarding the cost savings due to high inheritance,

~the analysis showed 2t least 219 of Total Progrem Costs (TPC) could have been

saved by implementation of recommended Low Cost Practices. (For details see Appdx)

2.1.2, Task 2 Overview: Tris task may be considered as the main technical

analysis portion of the LCPP study. As stated earlier in this report, it consisted
of 5 technical areas of interest: ‘ ’

o Specifications Analysis ... EMs 2,3,4,5,6,13, 1k, 16,

o Systems Integration and Bngineering (SE&I) Analysis. EM 8.

o Ground Support Equipment (GSE) Analysis... M 9 : i

o Program Work PBreakdewn Structurs (WRS) Analysis EM 17.

B e

o Program Risk versus Low Cost Practices Assessment .., EM 15,

The specifications analysis carried on throughowt the program, with the

first tasks being completed, and the IMs describing them deliversd during the

1st 8 months of the program (iMs 2,3,L,5 & 6). At that time a review of the prog-
ram was made by NASA/HQ and the decision was taken that farthsr analysis in depth
should be undertaken in the areas of MIL-D-1000, MIL STD 8108 & MIL-STD-083A

which cover Engineering Drawings & Lists, Envirommental Test Methods, and

Test Methods for Microcircuits respectively. MIL-D-1000 was complebely re-

written in a Low Cosh version, and a draft of the re-write was furnished o

NASA/HQ, ab the occasion of the August 20 COR's visit to IMSC. An T (LOPP-20) was

written to cover the new version of the specification itself, and EMs 13, &y

were issued at the end of the wmonth, the first being details of the analysis which

)
2

corntributed to the re-write of the document, and the second being an Implementab-.

~ion commentary. The final specificatior analysis of the two test oriented documents

was completed during the month of September, and delivery of the EM, EM-16,

nas made during the early part of Jctober 75.
2-2
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Lom The Systems Engineering & Integration (SE4T) Analysis was undertaken during i

the early phage of the program, except %that the EM describing the task was not
1Y - 4 o 3 3 ’

issued until the mouth of April, spprox 9-10 months after the actual contract
start. As the data search progressed during the first 5-6 months of the contr-
act,it became apparent that data in a suitable form for cost impact enalysis
did not exist, and that contrsctor-to-contractor, little commonality of under-
standing of what the cost category implies 8ppesrs evinced on past programs.
For simil ar re”QonS'the'cost'quantification and tdentification of Low Cost
Practices was not possible; largely due bo the incomplete and inconsistent
record keeping in the areas of Progrzm Definition, RFP, and WBS preparation.
Some determ;nations of a general nature were possible hOWever,,and theses appear
in‘greatef detail in Section 6 of this report, as well as in the EM 1.CPP-8
contained within the Appendix.

GSF‘Analysis {GSE) This task was undsrtaken in para;lel w1th the S 2T

analysis. The first step in the task progression was o prepare a GSE

auestiomiaire for circulation to NASA f£ield centes rs and industry. The question-
naire was distribubed to NASA centers and selected companies within the aerc-
space industry as follogs: NASA AMES R. C.vGSFO MSPC. Industry: Boeing Corp, -

.

General Electric Corp, Hughes Aircraft Corp, Jeb rropulSion,Laboratories,
Falrcnlld Hiller Corp, ROCA porp, Philco Corp WDL, and TEW Corp. 0f these

only Hughes Aircraft Corp, MSFG/TRW, GSFC/Philco, GSFG/RCA responded, and the

response was not full in some cases. To augment these data,lMSC provided

questionnaires to both the P 71-2 program office and the P-50 program offlcm;'

The former dla not renly,4and the 1auter responded. The significant trend

appears to be toward lower GSW cos ‘ na this end is obtained by making mexim-

wn vossible use of the GSE a1re9ay in possmsswon of contrﬂctors, 50 tha* hlgh

equ1pment 1nber1uance Drogramrto~proc“am is ma intained. The subject is treated:
in greater detail in Section 7 of this rnport and details are contained’ia

vfrll~1n thc»WM»ACPP—9 ig sued May 1 1975, a copy of whlch is in the Upandludf:f

WRBS Tssk Due to the. Dresaura of oontlnu*n the +asks of sne gification

analysis, SE&IT and GSE analysis, ard dncumertznc the outcomes of the PER
survey (sne Se Libn h)-,bne sta"t of uhe VBS bask uas delibcrptelv delav

d
"Hurtber unJQrseep deTavs wers occ“81onpg by an - accldent wngurv to ube cP P

program manacer, under w%ose 1e3dersq1p tna task vias to be GODGdCu d; end‘the

'undvallaolllty of par sormel originally scheduhed to “er-ovm the tau"i‘Whmn work

was‘commenced,‘it‘was.bellevad,that the TMSC wversion of the CSC %“ twcnnzaue,'

2-3
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Functional task, and hardware/software production dollar cost acquisition

‘report, total detail being contained in EM LOPP-17 lncluded in the Appendix.

‘The Risk vs Low Cost Practices Assesement Task This task arose from the outcome

,usbrv responding the ‘the  PER. queSulonnalre, was the 1nc“ease in Drogram rls

Cistic nauure, and considerable data of the prior performace type are reuhnred,

show the program area ImD?Pued by it, and furnlob an as ment qualluathely,

CASPER, a compuberized cost acquisivion and tracking operation validated by the E
USAF; would be acceptable for use. CASPER provides excellent cost acquisition :

and swuming capability for work packages traditionally used for WBS operation,

where the cost computations are additive in nature. As the data search progressed,

and the definition of the WBS task was. expanded %o ;ncludp funetional dluPlDllnes,

and descending levels of cost detail, it became apparent that the overall ‘ i
, i
computation, tracking, and reporting of all proyrem effort costs was combin-

atorial in nature. When all possible permutations of the many combinabions of , I3

methods was made, the total was of the order of 50,000. CASPER is not suitable
+0 handle uh? combinatorial aspects of such a large order of cost allocation ; :

subsets, as the_means for allocating costs to such a large number of chargeable

areas is impractical, both from a cost-to-acquire, and the human problems inher-

ent in logging the data, aspects. Resolutions for these problems, and the final

o

scope of the task, together with its oubcomes are detailed in Section 8 of this

of. the PER Survey which wes LCPP Program Task L, det#ils of which are discussed
in Section L of this report, ;nd are amplified fully in EM LCPP-12 of the

Appendix. One of the major concerns of LhObe personnel from both NASA and ind-

suspected to result from the 1mplementatlon of Low Cost Practic es; A survey

of currentftechnlques for asse 181nr risk revealed that these are of a prooabll—

to manlpulate and iterate the many mauhpndtkcal modals with any dewrec of sure-
Ty of outcome. Thereforo uhe approach taken to the aespsqmenf of provrammaulc
rlsk implicit in the dppllcatlon of Loy Cos% Practices was to perform analyses

of each Proaram Practice quallt?tlve]y Datd sheets were construubed a uample

of which aooeafs 1n Section 9 of this rpnorJ. 'Iheso sheets lish o3¢} pra0u1ce,

in terms. of~H1ch Vedlum. and Low llkellbood of an adverse cost dmpact. Risks

are. shown w1th resnect to the <lassic affectS‘on Performance, Schedule, and Pro-

gram'GOSU, Flnallv, a Delca Rlsk ause qmert ‘is given whlch shows whether or nov

anpllcaulon of a pras ctice me "3 1moart an Increaase, Dacrmase,ro* No: Change ¢Ond;

iticn to the D”Ogram area(s) 1mnactsc. Outcomes are given in m LCPP-15 included -

in4the Appendlx,_and the‘nlghllghts are contained in Sectlon b

2l
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2.2, Major Conclusions:

2.2.1. General: In addition to the major conclusions listed below, each section
of this report carries any recommendablons necessary to amplify the contents

of the section. In preparing the several sections of the report, illustrations
have been included. Thsse illustrations, whether tables, graphs, or other
pictorial matter, portray the highlights of the data contained in the ZMs

which furnish the details of the study data |

2.2.2. Record Kesping: Throuch ub both the MSFC prior siudyg and this current

study, a maJov dwxrlcultv has been the lack of good historical DiT ILED,program
cost vs por?ormancp records, NASA-imposed record keﬂnvnc raculramenns for
agrospacs COUu”aCtO”S areg in dire need of major overhaul, if good program
cost v181b111qy is to be achieved, and maintained throughout‘future Prograns.

2.2.3. Spacifications: Specifications can, and do drive costs, However, it is

not so much the affect of any one specif 1cau10n, as the IDUGT&Cbleé and cum-
atlve affects of ths total specification "tree", and its subordinate hier-
archv imposed as a routine practice; that contributes to program cosis.
2.2.. SE SE&TL: Within the asrospace industry and NASA, there is no ﬂlear, univer-
sal definition of what constlnutps 8E&T program actlvity epo*tpa cosbs for
such a loosely defined prOJ”am activity vary conolderably: and uhera is no clear

assurance thab NASA has rasceived what was required for the monev spent.

2.2.5. GSh: GSE is poorly renorted as a cosb item, and detailed cost date are

either unavallable$ non-axistent, or both; program-to-program. However, from

the data that azre available {(and as reported‘by those responding to the GSI
survey) it may be inferred that: ' k v '
(a) GSE inharitance «rom one program to another within contractors’
facilities, cgn save program coshs. il :
(o) The,inheritance,operatlon has been use with cost éffectiva:
k results on such programs as; MUM-73 (JPL-Boeing Corp);
AT (GSFC-RCA Corp), P.71-2 (USAT-SAMSO/STP-IMSS)

2,2:6. Program Risk vs Low Cost Practices: F“on‘the‘aualitat*“a listing of

‘ program”riSKS'ass abpd with Low Cost practices i% would annaar tna Progran

Manager concarn w1uh such risks is lArrolJ psyct olovlnal, rathe? than tangibTe,,

Homgver a valid method of aSSuSalnE proc“am risks Drlor to Drosram outset is

naeded, to promote the adouulon of Low Cost Practlccs bj Luture MNASA prko“ﬂsa.

LOCKHEED MISSILES & SFPACE COMPANY. INC.
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acquistion/recording /reporting process. It is evident that the sheer magnitude

~of the cost acquition and work definition-by-package process, may wsll prohibitb

~ Standard WBS should ba, in terms of scope and application could not be determined

within the constraints of the schedule and funds available for this study.

2.2.7. Standard Work Breakdown Structure (WBS): IMSC believes that a standard

WBS is required for use with NASA programs. Howsver, thers is a very definite

relationship which exists between the level of cost, detail acquired/reporied,

and the complexity, overall cost effectiveness, and practicality of the

its vse, from both an ease of handling, and cost viewpoinh. What < he optimum

2.6
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SECTION 3

'SPECIFICATION IMPACT ANALYSIS

‘3.1 Task Introduction: The specifications task for this study is a logical

continuation from the task of similar name which was unde“taken for MSFC in

-L

the previous study. Specift fications docum nts, which by deflnltlon are tHooe

documents sstting ferth progr m\requlrﬂmants other than detailed pe rformance
Darameters, tend to drive D”ogrem costs., Appreciable savings can be effected
if the spebmflcatxons 1mpos d by NASA are simplified, and reducesd to only that
minimum essential for satisfactory program parPormance/manPcoment Perhaps
among Low Cost Program practices, specifications imposition is the most simple
to analyse, énd modify; for three reasons: | i

(1) Specifications are imposed for all NASA proarams, and are
visible to all program personnel concernsd.

(2) The psychological attitude of technical personnel toward

| specifications is that they are a ”NeoessafyiFNél", and
thus any improvement in them, or’reductién»in theirp number,
is desirable. | ' ' ' ‘

(3) Whatever costs are driven by a SPElelcat101, relate dlrectWV
to the document. If it is not 1nvokcd the costs it implies
are not incurred, at least to th e dewrae the snaﬁif_caulon

 provides. N S TN
3.2. General Outline: The specifications anélysis_task_WaS to a largs degreé

: dl”ucbpﬁ by NASA/HO Tna overall task may be divided into three (3) sections

as 'Oll”WS' , S _ _ o
‘o Analyses performed during the first,TQS“months of the study
:o’Analv s completed by uh? mld teﬂm rev1mw.vv
e} palvs1s completed suboequnﬂt £o the mid- teﬂm rsview.,at whloh

time, some re-direction of the soec1flcatwons tgsk was given

by NASA/HQ.

Thosa analyses fallln" within the FPirst catecorv muy'be 115tcd aq Po*lows, s

-2 Imnact of MIL-D-1C00 Ubon Space Programs, etc.
hN 3 Cost, uenePnus de ivable from 10 Selected qpecs.f‘

“M li. Specificat ion rﬂmonalLtv for 6 Selrcteg q-SA Programs

.  3—1‘ ,
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EM-5 A Plan for a NASA Central Specification Control Office
EM-6 A Low Cost Version of NHB 5300.4(1B) (Quality Assurance)
fﬁ : Specification analyses undertaken and completed within the next work category
are as follows:

f o 4 complete re-write of MIL-D- lOOO.BnclnnFrlnn Drawings and Lists,

was made, and copies were handed to the A/Lw COR who visited thﬂ M8C facil-

: ity on May 5/1975. This work was ﬁg@vmade the subject of an EM as the decision

fi was made‘to issue the specification as a document which could be used by NASA

& as wriitén, if NASA so élscted.(Later, EM LCPP-20 number was assigned to the‘spec)

o -During the visit by the COR, NASA/HQ ‘ReliabilitY/Quality Assur-
- ancs cOmménfs te EM-6 were furnished to LMSC. A response-tO'theseféommenté
was prépared and mailed to‘NASA/HQ 1Q days later, and after the mid-term
review June 18/75, the EM-6, the pertinent comments by HQ/QA, and the IMSC
responses to those comnepts ware dwscusqu with Mr George White; the NASA

reviguing authority for nel/%ﬂ

g Work in the third category was unde taken as follows:
o EM-13 Specification Analysis MIL-D~1000 was issunﬁ Avgust 26/75
o EM—lL Speci .fication Implementation Commentary was issuad Avg 28/75.

Both of these Fis amplified the details of the analysis perfo ﬂned fo comple
, : e X

tre re~urite- of HTL-D ~1000 specification, nd furnished alsc sugge tbed me~
-_@nu bj which the specification migh‘ be wmolemmnucd within b .....

: o EM-16 MILmSTD~SlOB; & MIL-STD- 883A Crvtlcal R iew & GommentarV'
| was written, and issued Septemba ks 30/1975.
Thig M was the outoome of'the last of.the‘8p601¢1catlon analysis tasks re~-
“guired by the sfudy céhf*act, and adv.nced cor195 of tne comDWetea EN werc

made available to NASA earlf in- Qctooe” 107).

3.3. Spe flGaLIONS Tasz, ASSIthions~ Severa Assumntlons were made to

fac1lvtat the general SD“lelcau ons cna1331s These are ,l;ste' as follow

;-3.3,1 Issue D=t9<:_mhe D&It’CHl T snec111c ihion under,ﬁnalf81s is the lates?h
current issue in all cases. Howevar, where previous 1sshus form a part of the
'SD 1flcaulon/standard as in the case of MTMSTn 883&, all such previous issues

.

werse 1nuluded in the an alJ31 .

,,13,3 2~ ub~r19r5' To tho'exment possid 7@/Dt=1 'nent5 all‘sﬁb=ﬁiers_ofga major

:srcchlcatlon were included in the analysis task, and the interactions were

- showm. 2 ’ e o 3.0

e
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3.3.3. Cost Aspects of Analysis: In cases where cost: aspecis of specifications

were not readily identifisble from programmatic data, it was assumed that
I1M5C estimates would be accenuable, provided sultable rationale was included

40 re-inforce the validity of such estimates.

3.3.4. Cost Quotations, & Dollar Savings: Wherever possible, cost information

assoclated with the specifications analysis task is expressed in "Percentage

of Total Program Costs (Percent TPC)Y Where dollar figures have been quoted;

i.e, cost per page of documentation, the dollar values represent those in use

Cat IMSC

3.3.5. Terminolo :  As used 1n the analyis of all specifications examined
b

the term SPECIFICATION denotes any document connﬁlnnnc reguiremsnts, OTHER
HAN TECHNICAL PERFCRWAMOE PARAMETERS, routlnelj 1mposed on prograﬁs'asra
NASA practlcc.

3.k, MIL-D-1000, Engineering Drawings & Lists; Analyses: During the course

of the MSFC study, a cursory examination was made of the cost impact on programs

of the thres forms, and 10 categories of drawings imposed by MIT~D—lOQO. At

the outset of -the currenn study NA /Fﬁ etpressad interest in the MIL~D-lOOO

hierarchy of spec1flcaulon s and b 1arwe sub-tier of documents comprising the

hierarchy. An investization was made of the specification, and the first of

a seriss of EMs was lssued on the uubgect EM-2 issued Jamuary 7,1975, further
detailed the Drcllm“navv work begun in the MSVC Sbﬂdy, and Char+ed the complete
aocumentaulonftrme snow1nc the tobtal depepdoncy dncumenuatlnn list a58001atea
with MIL-D-1000. Also shown was the fact that if Form 1, the most cosbly and
oémplex of the three‘Forms cited Dy‘the spe01¢1cat;on, is invoked; 38 Sub—tigr

documents are also 1nvoKad SLmﬂlarly, in cases whers bo“m 2 is speeified, 12

- sub~tier documents are involved also. Wlnallj3 sbould Form 3 be specified; only

h sub—tler dooumenus are ax.tomatlr‘allT invoked. All of these data were ap lwed
Y P

and based on seversl pPrograms LMSC has conducted, a cost omoaﬁlson chart was

qutle showlng,bo+h drawin ng c costs for the three Forms, as well as A COo+S assoc-

iated with these Forms. The comple* M aoppars ln the Appendix, bub for nase

of reference, Figure 3-1 is repxoahoed on Page 3—h of this raooru."

‘B.h 1.1 1T~ D—lOOO Re—wrlte' An ouucome of the N;UA Lon Cost Spe c::lcatvonb

cnmmlutee d°1loer tﬂono, Was uhut LuSC Should furnish a Low Cost version oi,"

~t e MT —D~TOOO documenn, 1ncorporat1ng all sub-tier documentation believed

23-3
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pertinent to such a Low Cost version. This task request was conveyed to LMEC
by the MNASA/HQ COR at the Jan 21,1975 meeting at IMSC, and the task was ' %

undertaken. At the May 25 meeting copiss of the Low Cost Version were handed

to the COR, and as has been stated, the version was not written as an EM at first.

The intent of the version, and the format adopted for it dictated this decis-

sion ;or the following reasons:

(a) NASA could use it directly for comments, and if PavorquE react-

v ions were received impose it directly on programs.

(b) The format 1ncludﬁa rationzle for the changea proposed in the
restructured document, arranged in such a manner, that these
ﬁationale statements could be excised should NASA wish to impose
the new version immediatelv. ‘ ,

Although the re-written specification was not given an EMno., initially, it

appears in the Apvendix, as EM LOPP-20, Dec 10/75 ,only to maintain continuity.

Essentially,‘the new'vérSiQn shows how further cost savings beyond those real-~
izable by imposition of Form 3 of the‘original docunent, can be effected. ‘ {i
An ‘example of such a saVings is the use of sketched drawings, where the lines '
are not ruled, but all dlmen81ops are fuvrnished, suff 1cvent to permlu harduare

to be made from the skebch. - : R

3.l.1.1. MIL-D~1000 Analysis: On August 26 a short EM, EM LCPP-13 was prepared

10 lﬂrnlsh to NASA more details of the met odolocy uspd to perform the MIL D~

1000 re-write task, andithe analytical details which emerged duran theftask,:
This sub-task was required by the Program 5.0.W, '

“3,b.1.2. MIL-D-1000 Tmplamentatlon Cormentary: Alsoc required by the $5.0.W.

was a short commentary to facilitate implementa tion of the Low Cost version of
MIL-D~1000. This was prepared, and transmitted to NA \SA darlnr the last weck in

August 75 This EM LCPP-1l is,lncluded in: the speqlflcationsysection of the

'Annendlx.,
3.5, Ana1751s of 10 Selacted Cost 3r1v1n~ Spe cif catwons" EM 15PP- . ludﬂd=T ’
~in_the Appendiz, treated the subject of Gosi Benefits Dper ble from Phahcas

~t0 10 Selected Cost :riv1n¢ SpeClL“CaulOna. This task arose frOm a ﬁaSk unns“

‘ -t@k n during the course of the MSFC sfu’y,w ich se]ected 20 sneczgloatlons,i'

and axmlored uhe degree to which these specif 1ratlon< drove pro~*aﬁ costs,

38
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3.6. Specification Commonality Analysis for 6 Selected NASA Prog

The premise was made for this analysis of the current siudy, that 10 of
the 20 selected cost driving specifications could be changed to be more cost
effective. If changes were made, to what degree could cost savings be realized,

was the question that the analysis sought to answer. The analysis usad two

=

NASA programs of known low cost as the basis for estimation:

_(1) MVM~73 (Although this was a JPL program, for purpeses of the
analysis, it was considered to be similar to any other
prbgram managed by a field center)

(2) Atmesnhere Explorer (AE) GFSC and RCA Corp.
The forma+ of the study analysis was to synopsize each of the 10 cost driving
spe01f1cat1qns briefly, to permib VlSlolllty 1nto programmaulc areas impacted

oy each driving specification. The next step was to estimate from programmatic

cost data, the costs attribuhable to each spec"”lcaflon ‘Low Cost changes were

then prescribed for each of the specifications under study, and finally, the

cost savings potential of each of these changes was estimated. Oubcomes of this

gbimablon process vs the suggestsd changes were compiled inteo a simple mabrix.
To permit visibility into the outcomes, this matrix is reproduced for reader

convenience, and appears as Fig. 3.2. on Pags 3-7.

¥

analysis sub-task of the’overall specifications analysis effort, vas con-

pleted in January of 1975. EM LCPP?h was written to describe the'outdoﬁes,:

and the M wag DTOVlded to NASA Jan 16 1975. The programs selected to be’ stud—,f_

ied in terms of qoec‘lflce:clon commonalltj were : :
(1) Nimbus G : GSFF/Generalv:lectrio Co
(2) At mosphero Explorer. 'GSFC/RCA Corp,
(3) HEAO A/G. MSPG/TEW Corp.
ﬁ(h)“Piéﬁéér+Venus. ARC/}uvne\vAirofaft Corp.
. (¢) MVM-73 " JPL/Boeing Gorp. i |
-(o) P 71-2 Us-\r/sws' /STP., ., I Lsc.

.Tbe orl%lnal int ertlon was to selecb 6 D“oarams, but awallabl ty of program

' qat was‘spch ynab“a JPL program, and the LMSC P 71l-2, were included to make

up the 6, in the absence of NASA dats for 6 NASA Programs.

3;6*1 Qubcomas: - It became obvious early in thefanalysis»that very little com-

: mOnalltJ eilSued among sperlf ations, program-to-program, each program tending

3-6
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COST-DRIVING : MVM-73 ATMOS EXPL'R || ALL VALUES LISTED ARE IN PERCENT TPC:
| SPECIFICATION - |cosTS |SAVINGS!ICOSTS |SAVINGS R
| INVOKED/APPLIED | REPORTD| EST'D, lymposi|  marin| MAJOR COST REDUCING CHANGE APPLIED (ASSUMED)
, o 133% Al 38% Eliminate Parts Poptilation Prediction. Use dynamig
NHB 5300.14(14) Rel.| 1 2f 0.8 1.3 5.8 simulation. Eliminate. Reliability Demonstration.
: , : ‘ 504, ' ' 559, ‘Delete Formal MRB Rgmt. Substitute informal MRB.
A R ' ‘ p Simplify Mgmt System. Reduce Reporting. Delete
NHB 5300.4(1B) Qual} 2.5 1.2 2.2 1.0 || 0.C.Curves. Simplify Inspection Instructions.
o A L7% 35% Inspect at Highest Possible Level. Use Double
NHB SBOC;“(IC) insD 3.8 e 3.1 50 Sampling. Minimize Insp'n points in process.
‘ o , 1,6% 607 ~Eliminate NASA certif'n for contractor solderers
G y ‘ & inspectors. Approve process/training only.
NHB 5300.L(34)Soldex 1.l 0.75 Il 2.1 Q.8 Undate spec to include latest illustrations.
St L R i ' 3327 | ogg~" || Eliminate this General Specification. Detail
NHB 6000.1(1a) Pkg'gz 0,15 |70.1 |l 0.2 0.15 || Ramts in S.0.W. per mandatory minimum.
S - Test 16% 16%, Limit Life Testing. Limit Ramts for XRay Tests.
MIL STD 883 MethodS' 7.9 5.6 1l 7.3 Z1 Iimit Test Repetitions. Specify Mimima not Max'a.
- = ) > s . .

{ . Config'n | 3% ' 25%/// Eliminate Batch Traceability. Elim. Mat'l Certs.
NPC.500.1 Mgmt. 0.35 0.2 0.8 b Simplify numbering & Codes. Apply only for»3 S/C
DO Envir'l ‘ 56% ; 624, Eliminate. Thermal Vac at syst level. Apply at
vi‘MILQSTD—SiOB Test. 3.2 A 3.9 s box: lvl.Minimize Test Repetitions. Limit duration

25 ~ Interch'ly 506 a8 ) LOZ | Timit to Programs with several 5/C. Std'ze
MIL-I-8500 0.2 ?/6(;’ 0.25 | OvlS parts & components. Use Std Designs as possible.
Eng Dugs | ho%)/( 1 L0% Reduce Form call out frm Form 2 to Form 3.
: iy L L.08 6. .9 _ . .
MIL-D-1000 & lists| 6.8 /4 08 || 6.60 +73.96 | 11 5% No. of Copies. Simplify QA & Tnsp Ramts
- |’Spec Contrio'n to ‘ 3 38%— Ry o
Program Costs 1 27.50 F17.23 || 27.75 ”i?fiz /\ Percent Savings due to Changes
{Potential Suzs N 10,37 1$3.9m 10,4l K2 31M ‘él. New, Reduced Percentage of TPC.

* TPC = Total Program Costs

fig.3.2. Affect on Program Costs of

Specification Changes
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to "Go its own way" with respect to the specifications imposed upon the
program contrachor. Cost implications wers difficult to determine with any
accuracy, with one exception. In the area of Product Assurance, sufficient
general cost data were available to permit the estimation of assurance cosiys
as a percentage of the total program costs. Therefore, a simple commonality
Matrix for the specifications was constructed, and this appears as a thres Sl
page tabulation in the EM, and together with this,a tabulation of assurance &
costs was provided. To this cost tabulation of assurance esbimates were added
verbal estimates from MSW], and ARC, concerning their on-going prqgrams; and
since these do not have the advantage of "All costs are in" credibility,
costs for 0S0~I, and ATS-F programs were added. This cost tabulétion appeafs
below: ’ ' V

Program | Contréctor/Cénter ' Assurance Costs %TFC. 13
MVM-T3 Boeing/JPL | 6. | | ‘ é
U RCA/GSFC S - 3.1 5 B N | i%

Pio.Venus  wme/se | 5.5 (est. prog current) E
Ninbus G GEG/GSTC o ke "

HEAO ‘ TRN/MSFC e s ~  6;6 (ést; pfog‘purrént)

P72 - LMSC/USAF __,_‘___;' sfi, |

080-I © HAC/GSFC | ,:f'_[_ 5.6

:ATS~F' ' Fairchild/GSFC‘;'- : _: o SQL- . 3
, o LMSC Flex-Rib ' ST :

antenna.

Some rédcdmehdaiions were made in the EM, w0 of'which,gQVQkrise'to'oﬁher
tasks within the overall specification analysis portion of Study Task 2.
these two are: R ; B - 7 L

~ (1) Revise the NHB 5300.L (1B) & (1C) Quality Assuwrance ; Inspection

Specifications.

(2) Plan, and Institube, 2 NASA Ceniral Specificabions Control 0ffice




ed the basis for ¥ LCPP~§.(Per information received from the NASA/HQ COR at

the May 5th meeting, NASA is proceeding with the institution of a Central
Specification Conbrol OFf 11ﬁe>

3.7 A Plan for A NABA Central Specifications Control Office (csco):

3.7.1. Analysis Overview: Arising from the specifications Commonality analysis,

this plan was undertaken to indicate to NASA/HQ the need for such an office,
and a method by which such might be instituted. The Ei written to describe
this planning was in two parts. The first part depicted the current state of
affairs in both NASA and the Dol, and showed the relationship of NASA to

the NASA and Tri-Services Review Board, highlighting tre fact that NASA

3ains very little advantage from participation in the Board. The specification
release, and modification system was graphically illustrated. In part two,
functions of the CSCO were outlined by an illustration of a functional flow
dizgram. In addition to the function flow diagram, a graphical rspresentation
of the aims and objectives of the CSCO was presented, together witl the system-
ic processyof the offiée,fand a detailed multi-path work flow diag Tem. The

a

systemic logic underlying the functions and work-processes, was e.czlnnd

and all of these planning date wers incorporated in B{ LCPP-5 issued April
10/75. Much of uhe planning data included in the FM is orgnklraT in nature,

and for sale of br=v1tj is not 1noluded herz, as the EM is part of the Aonnndlx.
However, a dlagram.of.tﬂe systemic process is shown as Figure 3. 3. Paae 3 10,

to facilitate understanding of the operation of the proposed CSCO.

3.8 Critical _Amlv‘sw's & Cdmmentarv, NHB 5300.L(1B): As originally emisioﬁéd.

the objechive of hlu task was to re~wr1ue N43 5300.L(18)}, combining within the
re~-written vewsion, the main elements of NHB 5300.4(1C) so tbat a compogite

docunient  embodying both Quallby hnclneerlng, and Inspection Services would'res~'

ult. Discussion with the NASA/HD COR in January of 1975 amquﬂd this task to

combvne the main elpments of both the existing documents, but 1nutead of re-:

wr;tlng than a devailed commentary with recommendations Lor‘ckrnges Was to be
the task output. The documents are dr*angeu by chapters, and wmtbln the chapters

paragr anhs are ordered in numerical sequence. uach’paragraph has g letter des~

ES

ignauor preceeding thg numeral,_vlz,~;u“aptcr 5, 13202 P%ocaremenu Document s,

The approach to the task was to analyse the contents of-the_documentsfparagraph

3-9
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3 eirpn

~by-paragraph, giving the current statement of the paragraphs in an "Is"

column, and a "To Be' column in which the recommended changes, and the ration-

ale supporting them are given. This approach resulted in a tabulation of 1i pgs

in length, an

excerpt of which is furnished below:

a~r

Chapter. 'Ts Now!

Chapter "To BsY

1B701 Inspection & Test
Planning: Sets forth the aimg
and intents of the Inspect-
ion and Testing Operations

to be provided by the contra-
ctor, & his suppliers.

137 Test Specifications:

{3) Design FEngineering: Desizn sets test limits

1B701: Agzain, bthe statements are gzeneral in
nature. They state what is regquired of the

contractor, not what is required as specific
activity by his QA persomnel/orzanization.
This clause has threse actual functions involved
(1) Inspection Services. Provides Inspectiun =
(2) Test Operations. Plans, Executes Tests

g
The QA function is again one of surveillance to
determine compliance only, NOT as has been the
case, effectors. e :
Recommend: Delete Pa“ac raph/ Re-urite to state
Yuality finite functions. . o

13702+ Covers the entire gamubt of rames.

“overs the provision, and
preparation of test sps cs.

wates whau sp2cs are o) 1nc1
ude,

13703." Inspection and q‘esu

Includes Enviromments, safety, rella011137,

st aragmeters & tolsrances, %;ustﬂents,
£qork, repelr, plaintenzncé,’da core~

and analysis, re-test, and test results
reporting. Role of Quality is only to assure
that specs generated include such variablss.
Recommend: Re-word to show sp901f10 GuaTLty
‘responsibility only.

1B8703. The inference can be, and in the past

Procedures..
Jovers ‘the provision of
‘suivavle procecures-for

EFHlaulﬂu OL thess. OD’raulOnF> procedures. Yf the 13 noints covered, only
~land specific instruction of

ozerating personnel ass1¢ne .
I Hive a lJ point outline of
content reouired.

1

has oeen made, that a contractort's guality
organization is to carry out the activity
described as necessary in provision of these

tem: 13 Non- conformancea is of direclt concern
t ')k RA. The
Ingineering, Safety Engineering, and Inspect- -
lon Services. The 34 funcbion is to assdre '
trocedures are available and contents are
as prescribed. V R
Pecommend: Deletion, and relocabion of rambs
in test, ispection, & safety documents; or -
re-write to show specific JA responsibility.
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The second part of the analysis was an attempt to show costs associated

‘with Quality Assurance to programs where either NHB 5300.L(1B), (1C),

ct
N
o

the ?oD Quality Specification MIL-Q-9858A was fully implemented during
program, and some of the economies possible.
A Quality Costs Tabulabion was made of some cost statistics on typical space

programs in the S0~ 100 million dollar rar Ge, as follows:

Quality Programs, General.Statistics

1. For Lyplcal space programs in the 50~100 million dollar range, Quality

Cosbs range from 7-11% total program costs (TPC). »

2)

2. Quality Gosts or typical ro_ramS»range from 3h~h5%,o anu¢acturing Costs
nality . 71 prog g | ;

3. Typical Space Program ”uﬁlltV'fh¢1pearﬂnf Costs rance from 23-37% of

Tobal Quality Program Costs.

Typical‘SDace Program In%pactlon Services Costs range from 63 7?ﬁ f

Quality PTOwer COobS.

Typical Rutlo Duality” Lnaﬂne ring (Q8) %o Insﬁection.}...., 1:3 approz.
By 3 &, it ot

L. Economies Possibles Ammosphur Axplorer (GSFC/RCA) %Lailty COSU 3.8% TPC

Attributed to: Inuerrmblon of Quajlt"/qumo tion, Rsl bil'tf;_e 1

Configur abmon Manzwa ny, affort & planning in@o.One,overall:
program actbivity.

Finally, Quality Enginesring, and Inspection tasks ar¢ovMﬂd on a typ a1
progran, were broksn oub by task, and refer enced. nf sme01 1Pa sion Dﬁrég ph

er
giving'the arcentaze of Quallb “ro:waz Costs iOf both sets of detailed
T — ° i)

~ ~hasks ; and nk,kfull ngwl*,u angla a.Lné’Progr;i, and InSPPLg“on PrOJ*ﬂr~

Costs as Percertages of Total Program Costs. For ease of refere nce, this

~table is reproduced herein as Figure 3., Page 3-13. (The complete,EM,for

this task, which contains the data reproduced partially herein, is included

in the Appendix)

LQCKHEED MISSILES & SPACE COMPANY. INC.




Frmmrn s e ¢ i . —— - T [ o

|
Ref Major Quality Tasks; Typical Quality W3S (internal) FAPC | ITPC
18206 | Quality Management ' 1.55
18501 | Vendor/Supplier Surveys , 0.55
13300/5003uality Documentation (Preparation & Updates) .00
18205 | Quality Audits . ~ 0.35
1B206 | Quality Planning (Inspec'n & Test, Work-flows & Plans){ 1.20 S
{13300 | guality Liaison (Engrg & Engrg Support Services) 2.10 .
18600 | Quality Liaison (ﬁfrg,'& Mfrg Support Services) o 7.10
18703 | 9uality Liaison (Test Operations, & Test Support Sves)| 2.20
1B706 | Quality Data Retrieval, Reduction, % Reporting 3.50
1B703 | Inspection Services Liaison . 1 3.20
1B801 | MRB & Corrective action Follow-up. (average only) 1.50
18905 | Measurements & Stds Lab, Liaison & Control e 1 0.25
18202 | Quality Training, & Certification: 0.70
13805 Customerv(NRSA"LiaiSon: : v L o 1.50
Ref Major Inspection Sves Tasks; Typical QWBS (inte rnal) |%0FC GTPC 5
1870L- vInspection‘Serv1ces Management : , 2.25 %
1B202 | Inspectors Training & Certification . o 2.50
1 1B70L | Quality Engineering Liaison : i : 3.20
18506 | Receiving Inspection 12.50 {{ -
1B600 | In-Process Inspection N S 26,40 1Y 6.0
| 1B705 | End-Item/Final Inspection R : o | 5.185
i 1B70L | Test Surveillance o ‘ 112.50
) 18301 .| Hon Conformances Renortlnr : R, ©3.50
181101| Pre-Shipment & DD- 950 Inspection Activity 1.25 |) : - ,
18905 | Calibration Inspection (Aéasuremenus % Stds Lab Liaisop)0.50 : ]
™z, 3. h Quall J En¢1ne_r1nv & Inspection
'Cost“ of Major Tasks
" The Eﬂ, T”°”—6 was furnished to NASA/HQ in early. March 19755 and av tﬁe'wa¢_
75-me°tinw at IMSC, the COR oresanted a writben list of commente on the
',rltacal Ana3751s T%ese were prepared by the NASA/P” 31:60@0; o¢‘nel"aﬂ11ﬂA
& “u ali y Assurance . As m_ ht. e 3xpecbedq Lbe reactlon o the Lommennarv wask
’leﬁd, with both COmrendauOPV commaqts:‘and Qfllelcm 1ncldded in the review.
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sentially, the review was favorable, applauding the idea of amalgamation
of both the Quality and Inspection documents into one volume, but criticizing
the deletion of some of the well—astabllahed quality functions such as

o

reduction of the number of inspections per procram. At the request of the COR,

in
a -detailed responsé Wwas prepa red to the VASA/HQ comment ., and-at the mld—uevm

=

review in June, the eniire_commen tary, NASA review, and LWSF reply, were

discussed with the HQ Director of Reliability and Quallmy Assurance. A consensus

of opinion was rsached, to the effect that the LMSC commentary would furnish

a major point of departure for the re-write of the Quality and Inspection

'documcnno whl h NASA expects to undertake 1nuerna17f.

3.9 Critical Analysis and Commentary, MIL-STD-810B, & MIL-STD- 883A. This

analyis was the final spec1f1cat10n analysis of the study, and perhaps the most
dlfflcult to perform.

%.9.1 Objective: The objective of this task was to h1~h11cht the anomalies

and overlaps existing vetween the Luo doc“ments. show that mLoh of the: contents

of MIL-STD-810B, Envirommental Test‘Methods are” not applicable o spacecraft;
and indicate that the MIL-STD-883A document prescribes to a large degree, the
Test Methods that apply to microelectronic devices, thareby making unnecessary

further testing to comply with MIL-STD-810B.

- 3.9.2. Analysis % Commentary Avproach: For both‘of_the'documents +he . aporoash

taken was to review each of them by section ‘and paragraph. a"h parauraph was s

Syndpsized in the EM written on the enulre anaIVSﬂs (EM LCPP~16 1ssued SeDt
30 1975);»aﬁd'to each paragraph synopis was appended"‘Conment s+atemeﬂt
o!

sugzested changes to 1mDrove cost effectiveness, whers such cnanges appea a’

paragraph - urd »review,,

£y

The comments briefly considered the pertinencs of

o
¢

’Ieaalbl ; recommended delonlon in ins*anCeq whprn this anoearea adv1saol

and exnlorﬂd the ovGrall cosbo assoc1atau w1th tha two dOhuments as alelcable

to tuo programs3 MVW-?B anq,AE. These two progr«ms.were 1 cted since ‘they

were among the P&”lleut 50 make wide use of microcircuitry, and mlcroeleczronic o

devices, and were.prog ams undert aken during he Uerlod wh,n the mlcro-dev1o°s

Vstate-of~the~"*t wastsoll; maturlng.

- 3.9.3. Test Cost, CGeneral Summary: “Oneo~'uhe cost. drlvers to bOnﬂ the programs

on81de .was- Space olmulatlon Testing, as Drescrlbed 1n MTL STD SIOB A

: ¢general;uest cost~summa~y»;or these two Drograns WaS SJnune51aed from uhe COSu,’

LOCKHEED MISSILES & SPACE COMPANY. INC.




data available, and for convenience this summary is reproduced below:

! Tonal Test Costis 4TPC Ttl. Env Test Costs Ttl Space Sim Costs
MVM-T73 | 18.03 TPC 3.8% T8¢ ~1.7% TPC
' ‘ AR 116.2% TFC L,.0% TPC 1.9% TEC.

The inference wag made from the costs -above that had not space simulation
testing been conducted, a savings to both programs of 1,7 & 1,9% TFC might have
been realized. For programs of roughly 100 million dollays, A2 million saving |
is an appreciable figure. At present considerable controversy surrounds the
subject of space simulation testing, end opinon appsars polarized, as to

the efficacy~of~such testing. IMSC is of the opinion that if such testing is
required at ‘all, it should be on a limited scale,band at the component level
only. Testing of microelectronic devices is a matter of multiple replications;
and while a cursory examination of the costs attributable to MIL-STD-8834 L |
required testing was made, the data are of considerable.dubiety. EM ICPP-3
(which see) inferred that su*h test costs could amount to 7.5% of TPC, but

this value is difficult 6 consider as a normative llguad, as high morta11+J—

e,

= rate of micr0ﬂlcctronics, and associated high costs, undoubteldly were distort-

ed uue to maturation of the state~of- the -art by which the devices are aroaured

It was further inferred in EM-3 that 1. S« % TPC might have been saved by

elimination of one or two sheps of test repllcatﬂon NASA found it necessary

to establish line certlflctlon methods to 1mprove the yield of the micro- S 3
devices, and in the early days of production such certification was nﬂcecsarv.‘k k ;
Currently, some of the cert1¢1cailon testing is no lonver ne ued as maJor |
improvemenﬁs in the stabe-of-the art have been : 2ffected. The sav1ncs flcarc~
‘would avpear to be reasohable therefowé, or evan ronsnruatlve.

3.9.l. Qgicomes- The maJor outcome of the ‘analysis was a series offspecific
‘recommendations, whlch for. reade”;convenlence, are 71sued oeTOw- '

o Review,and comblne the two Suandardsilnto ona conjoint NASA
~standard, to cover all aspects of enx'rOﬁmenta1~testing $tnal1
~hardware levels. : o : , , | ,

o Specify in the R FPj,of yther contradtual documeny, exachbly the iype:
end level of'testinc.thn‘ﬂovarnmehﬁ~renu*res to be performed. Wakef

the contractors' test plans the blndlnu docum-nus, for. tvne, lpveL3

..)

rﬂDl*C&hlon, and schedule for an testing _erformed.

3—15
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DV o L onverapon: & s cin ’ T ey memeres stz T

e

o Standardize device testing to the maximum extent possible,

with respect to methods, replications, sample sizes, para-

maters, et al. The current test methods and standards tend %o

be too general. ;
o Minimize test replications to the maximum extent possible, i
and in all cases whers a test 2t the next higher assembly level
will suffice to demonstrate merit, use this technique to curtail :
the test lead. ’

0 Minimigze/standardize the amount of test data reporting, end

test documentation required at all program levels. .
o Assure that Quality Assurance and Reliability requirements

specified are adequate for program assurance/validation, rather f
: than the maximum possible, as is the current practices |
o Standardize the number of devices available for a program,

and do not design new ones merely for the sake of doing so.

- o Until such time as the present MIL-STDs controlling tesiting g
e are re-written, and re-issusd, ensure that these documents imp-

osed to control the overall program test process are the latest
issuss available, and that a list of tests not required {Test

Eeception List) is appended to each purchase order; particularly

~at the basic device level,

LOCKHEED MISSILES & SPACE COMPANY. INC.
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SECTION U
PROGRAM EFFECTS RELATIONSHIPS (PER) SURVEY

L.l. Task Oojectives: At the close of the MSFC study, LMSC had completed

and delivered to NASA a Per Handbook (preliminary). PERs are line graphs, -

bar charts, data tables, and'families of curves which identify, and portray
the kKey parameters of alternative practices, bOUh managsment and technicalj
within a general progran practice area. These parameters and their relationship -
to Drovram costs were expected to serve as an estimation tool for senior
program planners, and decision making versonnel, so‘that'relétive costs of

“historical practices could be contrasted with alternative low cost practices,

and estimates of potential savings could be made. The objective of Study‘Task' S ;. =
L was to determine by means of a NASA/Industry survey, the potential acceptance :

of such a tool, the utility oi a PER Handbook and. to obtain suggestions for

new PERs of wvalue to +the exoebtpd ussrs.

L.2. Task Avproach: A two-step approach was used to atvtain these objectives:

(l) Prepare a comprehensive PER Questionnaire, for either:hand

delivery, or mailing to participants in the PER Survey.

(2) Personal Interviews with, and/or seminars for, the Survey , S

participants to obtain first hand information concerning the PERs. i
Interviews plammed and accomplished were as follows: ;
o Ten (10) NASA Field Center Project/spacacraft managsré
‘0 Ten (10) NASA Field Center functional Division Managers.
o Three (3) NASA/HQ Program Menagers (0SS, G4, OWSF)

o WNine (9) Industry Program,Functlonal Division Managers re Dfesent—
ing at least 5 companies. ‘
Interviews were oondﬁcteﬁ a¥‘NASA‘fécilities, and those of the‘wespOnding
industrial comp= 1105, by personnel of uhe ICPP. bnudv working as aktwo man team.
in 18 page mululp*e ﬂhOﬂce ques?, 1onna1“e was designed which 1nrlud9d Prac Tl oes

Areas - Cost Impacts, and - Prlorltj‘ ratings for all procramma ic areas of inter-

st; and a forsword to the nartlvlpants Gva“antesd them anonymlty if uhey'so,‘~
desired.,InstructlonS'were.lncludedvlnfnhe foreword to assist in the completion:
of the document (LMSC-D3875LL), with stress on the fact that resoondanﬁs were

fenCouragedito”civa'free expression to their vﬁews;”bv addinV'b omments in spacps

._D?OJ14ed in addltwon to compleolﬂv the multlnle-bh01cp block entrles.

Ly~ 1
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L.3. Survey Results: Most of the survey interviews were conducted during the

- months of November and Deaember of 197k, with some few interviews in January
and' February of 1975. S was anticipated, there was an appreciable lag in
the time from 1nterv1pw until the complated que5ulonna1res were received,
although many of the interviewees completed the questionnaires and returned
them during the course of the interviews._NASA and Industry partioipants were -

as listed below; and the number of completed questionnaires is included:

\ NASA o Industry
Ames R.C. 5 | Hughes Aircraft Corp 2%
GSFC 6 JPL | 6
Jsc 9 MSC | 2
MSFC 7 Martin Corp (Denver) 3
NASA/HQ 2 4 Philco WDL 3
Total 29 L Systems Devel. Corp. = L
: T | TRW Corp 3
L Total e 20

3 Seleﬂ*ed ‘teams of personnel preparsd two (2) questionnairés.'

3% Only one questlonnalre-requeoued from this source.

ib Survey Final Outcomes: EM LCPP- l?,conplled and delivered to VASA Ap pril

,‘21 1975,CONua1ns not only the statistical analysis of the results, but also
a conplete questionnaire upon which aoDQar the scores per each questvon.
This EM (included in the Appendlx in its enulrutf) when connleted‘ led to a

' number of conclusions and rerommnndatvons being made o NASA/HD.

L.L.1. Conclusions: Dus to the length of the conclusiong section of the EM

on7T hlﬁhllbﬂts are presented herein; they are:

o Only IBA of the survey DartchUant bnli ved thau the nlsuorlﬂal data

in thelr companj/rpntev was adequate for uke veneraolon of meanlng—‘
ful PEPS (meanl ngful = accu”auﬂlf ouanthled)
o The PER HandbooV idea is baSLCallm sound ouk b dafv ? cl udebits
- amollflcaulcw at present. Opnnlon on lta uae was polarlzed w*un

manj respondc us avarrlxg “that uhe handoook woald not be usod
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- 0 Risk considerations inherent in the use of Low Cost Practices,
and the lack of PERs capable of quantifying these risks, was
of considerable concern to NASA personnel.
0 Industry persomnel were strong in the opinion that their compan-
ies would do what is required of them by NASA, as stated d in the

rogram RFP, and PERs are of sbr01dsrv 1moortance to that aim.

)d P~

o Handbook format was believed to be satisfactory as IMSC had
presented it.

li.ie2. Recommendations: As an ouwtcome of the statistical analysis of the surv-

ey results, and the opinions expressed by the respondents, IMSC drew 8 major
conclusvons, the first three of which were discussed with NA.S.A./Hn at the mid-
term r°v1ew in June 1975 ‘and had a direct bearﬁn* on- the remalndﬂr of the study.
The conclusions appear below in synopsis form:
1. Discontinue development of PERs
2+ Stary kimmediaiely to develop a Work Breakdownkstructure (WRS),
capable of accurate quantification of Low Cost PrOCram Practices
e | in fubure space programs. . _ oy
' ~ 3. Evaluate Bisk Tmpacts of potenﬁiai_Low_Cost~Practices, also to begin
immediately. ‘ ‘_ ‘ | ) '
li. Tnelude Low Cost Practices in future procvam RFPs. 7 :
5. Continuing quantificatién of Low Cost‘Praotlces 0 be undertakén o)
'NASA personnel. o '
6. Follow up the PER Survey w1tn an Aerospace Executive Leval‘Survéy
| on Low Cost Practlcns. : |
7. If item 6 is 1mp1pmented prepare an Orlentatlon Brochure and
Surve* naestﬂonnalre, u91nu resul s-of this SVuaj and.0uhers»as
inputs. - . : s : /
8.,VASA ohoqu *nSuluutP an Wducatlon/Prom0twon pro~fam A% fler

canters, o fac111taﬁe the vse. of Ion Cost Practicses,

s
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SECTION 5

DATA ACQUISITION, (STUDY TASK 1)

5.1 General: The Data Acquisition Task, Study Task 1, -had as its objpctive

the collection of programmabic data from NASA/HQ, NASA Centers, DoD, Industry,

and other sources, suitabls for examination and excerption to ¢aollltate the

L8

identification of Low Cost practices. In addition to those data which formed

the Data Bank for the MSFC stndy, data were sought whlch had particular pert-
inence to the study of practices related to SELI, GSE, and cost collection by

means of a W3S.

5.2. Data Tfuea Avallable"Dun to the 1nbe“est in the P 71-2 Program (IMSC/USAF)
expressad by NASA, as complete a data package as posulble was collscted from

Program Office records of this program. As explained earlier in this report

these data were instrumental in the preparation of [M-7 which researched the

nrogram history of the program performance, and reported:

o Program hi”* ry (technical)

o Lists and aascrlpuxons of ‘Program Components
o Cost data for program components
0 Pro~rammat1n cost data to permit analysis of (a) ’

costs,(b) roubine practices applied vs low cost pcqcbvcea.

5.2.1._MVM—73/JPL/Boeing: Contact was made early in the program with JPL

Pasadena Calif, and this orgamnization provided fairly complete data on the

performanéa'of the subccnzwa >tor Boeing Corp. While data coﬁoe%ﬂing‘the JPL
cost breﬂ’down for the program weve considered essent ial to the analysis of
this»Low‘Cost progzram, ‘And its nraCuicms, IMST was unable Yo obtain a cost ‘
“breakdoun which decribed the contract performance costs for the’JPL'inéhousé ; G
effort. A dpua file on this prouram, as comp“ete as Nd A/H“ Uo%s ssedllwas

;obta.ned from the NADA/}D Drogram Manager.

;S._.2 Other Data Sources: NA /EQ Lhrn1bh°d data concerning the following
programs: R S
: o OSO—I o Pioneer—Venus

o ATS-F o Atmos.Txplier.

o Nimbus-G o HEAO A/C

(=

In addltlon fo the auove, NAUA furnished. as ;ed daa conserming gomsral NASA

5—1




ECREACP RSP,

contracting practices, NASA Pops, PADs, and such other data as the COR thought

pertinent to the study.

SR W A 0 1o

5.2.3. Data State: Despite the expenditure of considerable time and effort,
LMSC was. unable to obtain a complete set of data for any one program. Such
- i a data setywould have consisted of the early NASA program decisions,the Phase
, & Program definition, early contractual surveys of possible contractors, the

RFP,; the contractors' responses o it, the contract data concerming sslection&

.

award, early funding sgzreements, the contract document ite=lf, subsaquent chan-

ges to the conbract scope and intent, programmatic records of performance,

contract finalization, fee awards, and detailed cost breakdoun by contract
eriod. Data provided by NASA were fragmentary, and data of the type desired,
and solicited by latver from the several contractors involved in the NASA

programs listed, were either not available; or again, fragmentary. During the

“

data acguistion phase effort was expended to obtain data whose subject was
programmatic costs of SE&I Activity, and GSE used for progrems. Thase efforts
proved only parbi Mlly's-qussful. : ,

(R : 5.2.h. Data Problems: In analysing the data that were available, it became

evident that specific data concerning GSE were almost unavailable in usable
; form. W3S reporting tended to list G8E as a single block agalnst whlu“ costs
for this item were collected. No GSE lists of any valt were kKeplt a5 a program
?; ‘ reoord5 nor. were valid cost data available bf specific GSE item. GFE was seldon
; identified as separate Prom GSE,  nor, wlth the excaption of'NVM—73, was (GSE

inheritance, program-tbo~program readily trareab]u. In an attempt $0 obtain more

i

35% data, a GSE questionnaire was complied This questionnaire, which w1 1 Dbe
treated later in Section 7 of this report was both mailed to parbicipants,

and also hand delivered during the course of the PiR Survey; The resporses

to that survey will be discussed in Section 7, but esrentially, data received
: were insufficient to allow the GSE bask to be continued as origihally plannEd;
Similar dl;;lculties,accompanied‘ihe data‘acguistion task for the SE&T vporticn

of the study, as discussed in Sechion 6 of this rencwt, such‘tbat'tbe szope

of bhis portion of the study activity cculd not be as extsnsive as was planned.’
5.2.5 Data sage: “An integral p"“‘ of 3 1&7 “ask 1, was- the an@lvc g -perfor-

med on the P 71-2 (SESP) da ata, At NASA r‘aueoh,‘u;q‘folloulng activity was

completed using the SESP data:

[t0)

5=
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(a) A comprehensive listing was made of P 71~2 SESP components

o
>

(b) A listing was made of Component Sources, Source Points of
Contact; and component spares.
{c) A listing of component design dréwings, togetherrwith drawing
" coples was made, and where possible, the listing was cross-~
referenced with a listing of component costs.
(d) A detailed Cost Breakdown of the SESP progrem costs was made
and included in this listing of costs were data concerning program
‘performance, program history as affecting costs, and program
schedules. ALl of these data were combined into EM LCPP-10,1 ﬁ°V/75
v(e} EM-7 was prepared which gave a complete as possible program hist-

ory of P 71-2 (SESP), from both the technical viewpoint, the com-
;

/,

ponentyy  listing used, and the overall design disclosure.
(f) EM-11 was prepered, May 15/75, which furnished a svnthe51ued
analysis of the cos% saving which might have been effected by the
application of Low Cost Prachbices to the SESP program
* T cse items were furnished at NASA/HQ reqﬂeab to Aerospace Lorp, for inalus-
ion in the NASA C omvonanus Data bobk,'whnﬂh that company was under NASA/HQ
contract to prepare and publlsh‘under the title ©.4.S.H.(Cabaloz of AvallabWe

Standard Hardware)

5.2,5.1. Uses of Other Dabta: The other programmatic data lisbed herein were used.

 to the extent possible.to”oerform the remainder of the analyses undertaken in
support of Study Task 2 MIstmDs, Handbooks, Specifi cablons. FASA Handbooks

STDs. Specifications oD Directives, and Indusitry btandarda were used as reqi-
b 2 J )

"

ired, and these were-f nlsbed from. +be TJS data oanﬁ.
5.2.6. Conoluswona.‘ art from the sca r, /unavallaollev of programmatic data
which impeded 'the.nroaress of some tasks of this study; a conclusion emerged

clesrly from the Dabe Acquisition task. Detailed cost data of the type essential
% )

to permit visibility into hlSuOf;C 11 program practlces, do not exist to any

arked degree. The data available were not acquired and analyssd in a manner
such that ¥isibility into program vractices was possible, as,until the recenﬁ
HASA emphasis on low costs, aerospade companies reporting data, have neither

been contractuslly requirsd, nor made it a practice to descend to minute levels

5-3 -
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of cost data recording/reporting.

5.2.6.1 Outcomes Affecting the Study: The lack of complete data, and the

state of the data available led to a re~direction of,thevLCPP stidy. This
re-direction took the following form:
1. The task of generating PERs was curtailed due to lack of
suitable data. | |
2. The SE&I analysis was completed to the best degree possible,
but was curtailed due to lack of suitsbls detailed data.
3. The GSE analysis was completed similarly, but the task was

also curtailed due to lack of suitable detailed dzta.

% li. The specifications analysis task continued for additional specs.
% 5. A qualitative review was made of the impact of low cost

practices upon program risk, and &z survey of the stafe-of-the

art—-technigues for quantitative determination of program risk

was prepared. Outputs of this task were EMs LCPP-15 & LCPP-19
and the details of this

# A. The need was envisioned

t

vask are discussed in Sescvion 9 following.

)

or a comprehensive WBS, so constructed
as to serve'as: , o
(a) A Standard WBS for NASA unmanred space programs’
(b) permit acquisitizn of detailed program coshs by
hardware and labor function costs.
(c)’Demonstrate the cost impact of applying low cost practices.
By direction of NASA; work was 1o begin on this task immediately,
and a description of this task forms Section § of this report.
, ‘The EM generated describing progress of this task is LCPP-17.
3+ Items listed above, and identified with an asterisk form tre re-directed

tasks of ﬁhe study as proposed by IMSC, md approved by NASA/HY June 1975.

.+ 2QDUCIBILITY OF THE
| AL PAGE IS POOR
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S SECTTON 6

SYSTEMS ENGINEERING & INTEGRATION (SE&I) IMPACT ANALYSIS

6.1 Analysis Objectives: There were three (3) objectives associated with

this analysis:
(1) Determine the Costs of SE & I activity
(2) Identify the functions and practices associated with, and
contributing to these costs.
(3) Identify and recommend alternative practices, which when |

implemented, will reduced SE & I costs to future space programs.

6.2. Analysis Approach: The approach to the analysis was as follows:

0 Liét and describe the typical SE & I functions performed

o From historical programmatic data, supplemented by estimates

a5 necessary, determine the costs involved for each function,
summarizing the totals by SE&T function and progranm.

o Determine the percent of TFC for each SE&I function, the
percent of each program, and the average for all programs consid-

| ered. ’

o PropoSe alternate SE&I‘approaches/practices believed to reduce
costs, or eliminate some cost items.

o Estimate the cost savings expected to result from implementation
of the recommended Low Cost Practices.

6.2,1 Analysis Assumptions: Modified practices suggested for application to the

historibal programs used as a data base, could be applied with equal ease to
current similar programs, was the first assumption made, The second assumption
waé'that thé practices suggésted‘éould be implemented on Shuttle era payloads,
- using modular spaéecraft, and refﬁrbishable/ré»usable standard;compoﬁénis,
‘and/or modules. ‘ ‘

6.3. Analysis Problems: Only very limited data at program top levels were avail-

able, and these were from the programs listed in Fig 6.1 Page 6.2; Another

S difficulby was that the top level data available from the programs listed, con-
tained very few breakdowns by function and‘associated cost. Data for the paper-

work integration activity were almost non-existent, and the only integration

costs‘available'cohcsrnedvhardware integration rather than paperwork. Since
hardware integrétions‘COSts Were not to form a part of this analysis, separation
of the hardware and software costs proved impossible, and with the proscript-
ion against hardware costs also, the integration task was deleted from the

6-1
LOCKHEED MISSILES & SPACE COMPARNY. INC.




‘ONI "ANVJWNOD FDVdS » SIATHSSIW d33aHMO0T

-9

| | SE&I | SE&I SE&I
WBS | Gen'l. | Categ. | SE&I 0.A. | Funct. Categ.
L T ltem Descr. | Brkdn. | Plan $ $ $
‘Program ~ ||Agency | Contr. Assigned | Avail. | Avail. | Avail. || Avail. | Breakdwn | Breakdwn
ERTS GSFC | GE - : - - . - -
Nimbus -G | GSFC |GE o - | - - - - -
0S0-1 GSFC | Hughes N Y Yooy Y N N
HEAO - A, B, C | MSFC |TRW Y Y |y |y | N N \
Pioneer-Venus - || ARC | Hughes - - Y - - - -
| Pioneer 10, 1l || ARC | TRW - SR R - - - -
ATSSF GSFC | Fairch. Y | NN N Y N N
AE GSFC | RCA Y Y N N Y (Y) N
'_MVN\ 3 JPL | Boeing Y |y | N | N Y N N
SMS |l 6SFC | Philco - - - - Y N N
71-2 | AF|LMSC N Ny N Y v -y
it N ‘=’“None oy =~Yés (dat’a‘ available) . (Y) =Yes (some data)
Fig. 6-1 SE&I Data Sources/Availability R




‘analysis; by necessity. The final major problem with the analysis was

- +that for the data base used, there Were‘marked inconsistencies in practices

in the areas of Program Definition, RFP and WBS preparation, and program record-
keeping. o
5.l Analysis Outcomes Farly in the analysis. it became aoparent that the

term "Systems Engineering" is very broad in meaning, and what is actually
undertaken under this cauegory by aerospace contractors varies very widely
from one contractor to another. Slmllarly, costs acquired and reported under

that catgory are subject to considerable variation, program-to—procram, even

-thougn the provrams are quite similar in nature Fig. 6. .2 appearing on Pace

6.4. 1llustrates such varlatlon, and suggests that. where high inheritance of
technoloay, and equlpmen from a preceedlng ‘program or programs, efluts, it has a
material effect on systems engineering r'osts._v ,

System- Englneerlng even varies in formal deLlnltlon by the Government see01f1c—
avions 1mposed to define it. There are smm*lar:tﬂes and overlaps present in

the two major system englneerlna documents , MIL-STD-499 and MIL-STD- 881

which are- Imposed on programs, but there are also dissimilarities and dlfferences.

The 1nconslstenr1es examined , and recor ded in some detail in the EM produced
coverlng the subgect, carry over into the oroductlon of the WBSs produced for
the programs exam:med during the course of the analjols, e.g. at one eftre'ne
is the HEAO program w1th a highly detailed WBS inclusive of 1nuegratlon
activities, and at the other is the AR progran Wthh is far simpler as a WBS,
and included the three basic systems engineering functions only.

6.h 1 Cost Outcome: In an attempt to uemonSUrate the dlsparltj,progran—to-proa—

ram of systems engineering charges versus pro ram costs, a graphical set of -

;relaulonshlps was produced and for reader convenlenoe, this aooears on Page

6.5, as Fig 6.3. This figure also sets forth the magor conclu51ons arising

: from this vraphlcal exerc1se.; S

6 S ConcluSLOns EM LCPP-8 (1ssued April 21/75 had a numbe§ of minor e‘on'clus--'l

1ons, and two maJor ones appended The two major conclu51ons dare’ reproduced be~ "

;low, as follows.

o It would appear thau NKSA has been “paying from 2;8»; 11.4% TPC
(;or each;of the programs rev1ewed) for somethlng called Systems

fEng;neeang, som *mes celled Systems Englneerlng & Int egratlon

,6,3
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~ **HI = High Inheritence
- (E) Estimated

Fig. 6- 2 Costs of Sy‘s‘tem Engmeering‘

Yo
e - I Ol I System Total Avg. S.E. %
: S;fg efar;ﬁ_ : ,C?n;,rzlint SIC Contract Engr. - Program Year of Prgyr?aem
arrednam o ARency L Cost Cost Expend. | T.P.C.x| ' oordl
| 0S0-1 | GSFC | Hughes | $2.772m | $34.281M | 7U72 | 8.1% FlO
ATS-F GSFC | Fairchild 4.3 () 754 | TUI2 | 5.T% FI0
SMS - GSFC Philco 3.117 42,021 12 | 1.49% New
| AE | GSFC | RCA 10.856 C2LT61 | TAT3 | 3.9% F/0
| mym-73 | JPL | Boeing 1.075 38507 | 7U72 | 2.8% | New:H
(Part #2. - L
Only) | | R ‘
712 | AF msc | 1318 12.026 | 7071 | 11.4% New: HI
 Average A
| *Spacecraft Contractor Program

A, R e e .

e s
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| ‘s Program Management and o SRS |
i data ¢ separation N. A. for all points) i
12 g Systems engr'g and | R/ 7
| program management_and charges/ S/ —=SUM__
é S 'func‘uons—confused /’/Cb &@ |
A =10 ‘e Sum good fit at / _
m e \$ 18M/$IM Program cost. | / RSP |
0 T "/ / "
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Z 2k -
8N\vm ST
'BOEING S.E. § . |
0 A 1

010 0 30 0 B0 e 70 180
L 'PROGRAM COST ($M) o

”Fig. 6= 3 Systems Engr'g Charges Vs. Program Cost




The definition of what that "something" 1s, is quite vague, and the associated
cost accountlng tracking for the task is gven more vague and tortuoua.
o NASA practices in structuring Complete WBSs,(which have but a smngle
place to charge each SE&I task) must be improved before accurate
practice/cost evaluations can be made-

6.6 Recommendations: Arising from these two major conclusions LMSC made

the following recommendations: ,
* o Discontinue the SE&I analysis, until more, and better historical , o
data become available. ' -
o Develop & NASAQwide definition of SK&I functions, so that‘overlaps,
such as those encountered with other functions such as subsystem eng-
ineering, management, configuration management, and data'management, '

can be eliminated, and bstter clarity can be obtained,

1,
o

Develop a standardized WBS, to pérmiﬁ charging SE&I charges in a

manner which ensures separation from charges relating to other
- functions; and also permits recording of cost variations arising

from variations of SE&I practices from program—tqeprogram.

o Include these recommendations concerning the WBS, and the NASA-wide ;
definitidn‘of SE&I, together with specific instructions that they be i

used by fubure programs, in all future program RFPs. - . g

- As has been stated ‘elsewhere in this report, the item hlghllgnted by the ast-

erlsk was recommended durlnv ‘the mid-term study review. The WBS recommendatlon

was authorized as a new study task berASA/HQ

6-6
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SECTION 7

GROUND SUFPORT EQUIPMENT (GSE) IMPACT ANALYSIS

T.1l. Analysis Objectives: This analysis, which formed part 3 of Study Task 2

had two major objectives. These were:
(l) Definition of the approximate cost contribution of GSE to- space-
craft programs. _
(2) Identification of the cost impacting practiCes which leadvto high~
~er or lower GSE costs on a givén umanned spacecraft program.

7.2. Analysis Approach: The analysis included in its écOpe all program-

peculiar GSE used at all locations (contractor and sub-contractor plants,
- NASA and/or contractor'field sites, and launch base; up to and includiﬁg
' iaunch) Government furnished GSE was included in the analysis, but post-
 launch _support equipment used at the launch 51te, trac&lna statlons (data
11nks) and data reduction cenbers were excluded.

‘The Overall category of GSE was then sub-divided into several categories . 3 ”

such as: 7
o Test & Checkout equipment , : = :
o Transportation & Handling equlpment s : :' ' S !

0 Serv1c1ng equipment

O

0 Launch Control/Monltorlng equlpment.

These caugorles were further divided into equlpment Eroups bJ type.; i.e.

SRS

Test & Checkout equipment includes, manufacburlng test equlpment, simulators,

It
l
i
g
z:
i
¥

'teat support equipment such as chambers & test flxtures, and 1ntecrated Space~
orafu, and systpms test equlpmant ' ' ‘ : : 7
“With the eiulpment categorlzed fh@ tht step was to undernake three sub—
’ltasks as follows: ’ : T .
: (l) Determination of type, quantity, and usave'(location; transfers
&' redundanc1es) of GSm used on hlstorlcal and currnnb snacecralt
programs : ' ' : , :
4(2) Tabulate hlstorlcal cosbs of GSb, by maJor catevorlos, and
1nd1v1dual equlbment items wherﬂ 00381019

(3) Analyse uhe COSu 1mpact of SpelelC GSE oractlces

LOCKHEED MISSILES & SPACE COMPANY. INC.
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Sub task 3 included consideration of the following GSE practices: ~ SR
o Use of commercially available components
o Specifications imposed by the customer and the contractors

0 Degree of sbandardization, within a program & among NASA centers

o Usage of common equipment for launch vehicle & payload
o Scheduling of use for the same GSE item (geographical transfer
, vs item redundancy) ’
Finally, thé'average cost reduction was estimated for alternata lcw ‘cost
practices as synthetically applied to current unmanhed space program hardware,
and modularized future spacecraft with refurbishable/reusable. components.

T.2.1. Analysis Data Sources: Data were obtained from a number of programmatic

sources as illustrated'by‘Fig.A7.l Page 7-3. As may be sseen from the figure

the data were fragmentary, sparse, and of a ~"Total program general lump sum

‘type” Very little cost detail was available from these programs.

A GSE Questionnaire- Has prepared for distribution to NASA centers, and contract~

ors, but this was orlentedytoward GSE practices, Pather than the collection of | Ly
detailed costs, andkalthough it‘didrfurnish cost insigﬁts for 6 programs,
actual cost fine detail was once more conspicuous by‘its absence. The data
lack was further complicated by a lack of commonality in GSE categorles, des-
crxptlons, and cost 5TOUPLHUS, prouramrto—nrogram ‘

7.2.2. Questionnaire Oubcomes: Responses to the 34 page multiple-choice type

questlonnalre were received from one NASA center, and six (6) spacecraft prog-
ram{contracﬁors. Highlights of thse fésponses,wefe és follows: :
o On a nine spacecraft program basis, contraétor supplied GSE averaged. 51’
h.7% of TPC. Questionna;re resultS‘based on 6 programs vevealed‘the ‘ k
 same flgure, althouéh the detailed reﬂponneu from L progr ms showed
contractor supplied GSE at 5.3% TPC. S :
o Based on the detail supplled by four (44) programs, the GSE/GFE, 
»bredkdown is as IOllOWS
- o Conbractor supplled GSE..;“, 8%
o Govt Furnlshed GSE. (GFE) ..;Jéd

" The flcures listed do not include ex1st1ng GSm in pObSBaSLon oP he~cﬁnbfactor,

only that bougnt new for support. to the programs con51dered.

T2 [LTY OF THE
RIERODUCIB
ORIGINAL PAGE IS POOR
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- Data Obtained

(P)= Partial Data Obtained.

Fig. 7.1 ~ GSE Data Sources and Availability

O e ' mmDetail'Equip. ;
ey T 5 \ |Contr- | GSEQ GSE | Categ. | Genl. | GSE Cost Data___
Prograrm ! Agenc}‘r'iI actor Sent 1iAnsw. List |Desc. |'Desc. | Plan !-O. A, i Categories i Funct.
‘ERTS | asrc GE NN N N N N N N
Nimbus-G GSFC| GE Y N ;Y | N N N N N N
080-1 | GSFC HAC Y Yy I N Y Y N Y Y Y
HEAO-A, B, C MSFC ~TRW Y Yy | Y Y Y Y Y Y Y
- Pioneer-Ven. Ames; HAC Y | N | N N Y N N N N
Pioneer 10, 11 |  Ames| TRW Yy | v | N N N N g Y N
ATS-F : GSFC} Tairchild N | N | (P) |(P) N N Y N Y
AR _ ~ GSFC| RCA Y oY [(P) N Y N Y Y Y
MVM-73 | JPL | Boeing| Y ! N | ¥ N N N | (P N N
sMS GSFC| Philco!| Y | Y | Y | N | Y N | Y Y Y
72 ar | mmsc| v w |y |y |y | v ¥ Y Y
‘P50 AF | Lmsc| Y | ¥ | Y Y Y
KEY: N = No Data Available




Figure 7.2 furnished on Page 7-5 shows a Cost Extrapolation of the average
costs of GSE, considering only the major categories of equipment. The values

shown are the break-out cost detalls tabulated under the outcomes paragraph.

7.2.2.1. Contractor GSE Cost Break-Down: From the outcomes of the questiomn-

aire it was possible to gain sSome insight into the manner in which overall
GSE costs are incurred by contractors. While these values are necessarily only
average valuss for the relatively few programs examined, 'bhey represenb the

best data avallable currently on this subJect

Contractor GSE Cost Breakdown

(Percent)
% Range Ave. %
Planning and Requlrements R 3-5 4.4
De51gn}3ng111eelm and Development - 10-40 22,8
Sustaining Engineering : ' - 0-5 < 1.4
Procurement/Purchase/Lease ©10-50 32.6
‘Manufacture of New GSE ' ' 10-30 16.5
‘Modification of Existing GSE 3-5 4.3
- Qualification testing 0-5 1.0
Acceptance testing ' | 0-5 1.4
Ins.tallation,ar.ld Checkout 0-5 2.2
Maintenance ' - 0-10 3.2
Documentation SR 5-20 10. 2
© ' Total GSE o 100.0%

Source: GSE. questionnaire, 5 S/C pro‘gr‘ams‘.‘

7.2.2. 2. Also from the questionnaire, and confirmed by NASA =‘~unplied data, it -

was. p0551b1e to ma’o= a cost comparison among the several items of GSE supplied’

by the contractors 1nvolved in 8 spacecralt pro~rams. ThlS oo*npamson is tabul-

ated in Fig ? 3, furnished on Pase 7-6.

7-h
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B . Contractor GSE GFE GSE | Total GSE Cost
MAJOR CATEGORY : : —t —
: 6 ~ '~ % Extrap.3 M % |Extrap. $ M, $ Extrap. $M
-9 I{ANDLING & TRANSPORT EQ. | 12.6 0.33 |.2.0| o0.00° |11.0 0.34
I ' - - -
u SERVICING EQ. : _ S B 0.20 2.0 0.01 6.8 0.21
o : -~ —- : ; e : : ‘ —
oz TEST & CHECKOUT EQ. 79.8 -~ 2,07 96. 0 0.48 82.2 2.55
0 , ~ .
0 TOTAL 100.0% |+ $2.60M {100.0%|. $0.50M ]100.0% $3.10M
r : . g - . ey —— gt g == po
) - PERCENT OF TOTAL | 5.3% O 1.0%
o 4 PROGRAM COST '
1 . e e e g S e el L e e} JRCIURTHNDE AP, -
UL :
@ SHARE OF TOTAL GSE 84% 16% 100%
> i ey Dz R . AU ISR TRE AR R .
3 - :
m .
8 * Based on four spacecraft programs. Excludes all contractor and GFE GSE costs which are
% sunk or capitalized by contractor. '
T , e
Z
=<

z
0

Fig. 7.2 - Average GSE Costs Extrapolated by Major Category *
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o N 1 Totat  Av. gse ©)
Spacecralt . Cognizant | S/C GSE Program Year % of
" Program Agency Contract Cost I Cost Expend. T. P. C.
‘ - M of § M of §-
- 0S0-1 , - GSFC ‘Hughes $1.05 34.281 C11/72 3.1%
Q latssr | esrc | Tawenida | 10.1 &) J110.3® 71/72 7.7% &)
T ‘ ' — ‘ , =
m smMs GSFC | Phileo 1.985 %) 44,2 ©®) 71/72 a.5% )
o ' — o - ;
z AL . GSFC RCA 0729 | 21,761 | 72/73 3.3%
0 i - . s 2
0) MVM-73 JPL | Boeing 2067} 35.597 71/72 5.4% %)
E (Part . 2) - ‘ ‘
o 5 71-2 AT LMSC .921 | 12.026 70/71 7.6%
SN = —— ,
a \ Pioneer T&G AMES = ' | TRW 4.3 | 50.0 70/73 8.6%
- E : - - ; ;
a lmEAO | MSFC | TRW | 2.5 Est.] 80.0 Est. 74/77 3.1%
< ‘(l) Excluding test equipment for experiments- :
;DU (2)  Excluding some subsystem support equipment and system test equipment
z (3) : Spacecraff contractor program
= (E)  Estimated” ,
> (4)  Bxcluding systems test complex :
) (5)  Excluding tracking station equipment (- = $810K)

Fig. 6 - -Comparative Costs of Contractor Suppliéd GSE (as charged to the program)
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7.3 Major High, and Low Cost Practices: From an eiamination of the avail-

able data it would appear that there is a major High Cost Practice associated

with the programmatic use of GSE. This practice may be generalized as:

The change in GSE requirements due to changes in the spacecraft,

[

and to-a lesser degree, dues to some changes which occur in prog-

ram planning and spacecraft experiment/payload changes.

- In the area of Major Low Cost Practices, the following practice was observed:

Extensive GSE inheritance is applied to spacecraft programs by .the

contractors concerned. For the programs examined, less than 50% of

the total GSE value is charged to the program by any given contractor.

A highly subjective breakdqwn of'this Low Cost Practices is furnished below:

~ Al . - hd T . B P il

anm%uﬁgf'supphed GSE charged to program - 44% 2 %
Cdnﬁractéi‘Supphbd'GSE hotchérgedfo brogranu 16% : a ‘%w
GFE GSE new or modified - ' 9% RS g
GFE GSE suni cost , S 30% S
Surplus GSE at replacement value ‘;jj@__ [ ;

Total ROM GSE Cost | o 100% |

(excl. post-launch GSE)

7.4. Conclusions: Three major conclusions were drawn'from the GSE analysis vasks:

1. There is a deflnlte ‘trend toward low cost practlces in the GSE
area, evidenced by the hth inheritance of GSE,~proaram to program.
2. Slganlodnb cost savings' can. be made in this programmatic area
~if better information on what ex13us, where, and in: what quanultles,
is dlssemlnated to NASA CQnuractors and NASA field centers.
NASA is approaching this data dlssemlnatﬂon task by preparlng a
L; GSE Equlpment Visibility Sys»em,(WVS) Further, as this llstlng e
is avéilablé, RFPs will require the use of the GSE 1nventory,
“and require tradeeoLLs of cost in cases of deviations.
3. Maximum use of GSE eXisting, is expected to reduce the programmatic

costs approx. 503

7-7
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SECTION 8

NEW-LOOK STANDARDIZED WBS

8.1. Task Objectives: As initially planned, the objectives of this task were

to generate: ‘ ‘ . Sl
(a) A candidate "New-Look! WBS. : z
(b) A Users!' Handbook.

The purpose of these documents was to afford better visibility into the work

performed on NASA.programs by contractors, and NASA itself, and, in the case

of the Handbook, to provide NASA with the capability to implement the new WBS
on future spacecraft programs.

Following the NASA/IMSC review of the preliminary concep:t of the scope of the

task, early investigation revealed that the objectives as stated above,; would

be unattainable within the constraints of schedule and budget available for this

brief_sﬁudy period. IMSC therefore proposed the following modified objectives
for the task, and obtained NASA concurrence ‘o proceed with their implementat-
ion: R » '
(a) Analyse and document the merits and difficulties associated
with the development, and implementation of a sténdardiied~
_ WBS. : ' 7
(b) Establish a means of tracking/recording data suitable for the
evaluation of the cost impacts of Low Cost Pfactices, with any
type of WES. | | | |
- 8.2. Analysis Background: Throughout the course of the Low Cost Program

Practices studj,'one'of the méjof ‘aims haS‘beenbthe identifioation;'and
o quantification of chh Cost Practlces, applled to both past, and on~v01n _
NASA spacecraft programs of the unmanned type., Many High Cost Practices have
been identified successfullf, but manf others are suspected to exist, and. :
ifthese have not proved quantifiable from hlstorlcal programmatic records. LMSC.f
sampled cost, aﬁa other programmatic data from thirty-nine (39) NASA and DoD
programs, and in thé'proéess of ahéiYsiS‘of;these data, it became evident that
the data were inadequate to permit‘quantification of prboram‘practices Further

verlflc tion of data 1nadeauacy was revealed by a survey'OI more than sevenuy
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(70) functional managers and cost analysts within NASA, and the aerospace
industry. Of those personnel surveyed, fifty-seven percent (577%) were of
the opinion that data available were inadequate for quantifying impacts of
program practices, nineteen percent (19%) believed that the data were adequate,
and the balance expressed no opinion. :
Some NASA practices related to the implementation of program WBSs contributed
directly to the the lack of adequate cost records, and it became evident that
traditional practices preclude the quantification of either High or Low Cost-
Driving Practices, in the several areas of:

o Systems Engineering and Integration

" o Flight Support Equipment

o Ground Support Egquipment.
The scarcity of historical data, its adequacy when available, and the fact that
NASA is in the process of conversion to more cost effective methods of conduct~
ing near-term, and future space programs, gave rise to the conclusion that work
should bégin immediately on the development of a NEW-Look WBS. This programmat-
ic work/cost analysis tool, together with its associated Impleﬁentation Direct-
ives for Low Cost Practices, will be of material benefit in the prosecution of

NASA policies of cost effectiveness for all future programs.

8.2.1 Analysis Problems: Several problems were encountered as this analysis

developed. These problams are listed briefly below, as they were insfrumental

- in the decision to modify the scope of the WBS analysis task from that origin-

ally planned.

(1) Unavailability of personnel. Dﬁe to the pressures of continuing the

analyses undértaken in the areés of specifications, SE&I, GSE, and
the documenting of the PER Survey results, work was deliberately
delayed until the last quarter of the study. At that time, personnel
originally‘scheduled to perform the analysis were unavailable. A
contributofy factor in the delay of the task, was an injury accident
‘to the Study Program Manager, under whose superﬁision the work was
to be perfbrﬁed. » 5 ‘

(2) Underestimation of Task Scope: At the outset of the anél;z’sis) it was

'beliaved ﬁhat the LMSC version of the CSCSC technique, GASPER, a

 computerized cost acquisition and tracking program validated by the
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USAF; would be acceptable for use with the evolving WBS. Work was

commenced on the preparation of work packages for both program i

functional tasks, and hardware down to the level of components. As

this task progressed, and the level of detail proliferated, as well

as the number of inter work package functional relationships it be-
came obvious that the overall process of computation, tracking, and

‘reporting of all program gffort costs was combinaborial in nature.

CASPER provides excellen'b- cost acquisition and summing capability
for work packages of the type traditionally used with WBS operations,
but these are additive in nature, and unfortunately, combinatorial
routines are not implicit in the program. The program has almost in-
finite capacity for handling discrete data, but when all possible
permutations of the many combinations of functional tasks, and the
hardware/software production costs were considered, an unmanageable
number, or more than SO‘OOO cost accounts resulted. The human effort
involved in manually recording such a large numerlcal population, and
accurately segregating one from anogher,vls costly not onlJ in time
éxpended; but also in terms of the high probability of error.

(3) Funds were not available, nor would the study schedule permit re-

programming CASPER to handle combinatorial routines.

8.3 Summary of Outcomes: An initial concept was developed on the basis that any

NEW-LOOK Standardized WBS would, of nec9551tj, Flej to not only work at aero-
space contractors; but also throughout all NASA centers involved in spacecraft

progrems. This initial concept is shown diagrammatically in Fig.8.1 Page 8-l.

Contlnulno work along the lines shown in the ¢1cura was infeasible for the rca—v_
sons shatnd above, end thus the modified task oogectlves were substituted.
Outcomes of these are as follows: : '

o IMSC did develop a Standardized WBS concept for unmanned Spacecraft
programs, which, when fully‘developed, would be adequate for NASA
requirements. , ‘ o T

o Also developed were‘preliminary~methods for'recording Low Cost

Program Practices used in conjunction with detailed program work-
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-packages, and to summarize work package quantified data. Both

of these work package oriented concepts are essential for the
evaluation of, and the quantification of, the cost impacts of
Low Cost Program Practices. The concepts can be used, with, or o
without a Standardized WBS.

8.l. Task/dnalysis Conclusions: Among a number of conclusions to be drawn ;

from the work performed on this Study Task, there are several of significance.
These are listed as follows:
o IMSC under-estimated the fask magnitude implicit in the devel-

opment, of a Standardized WBS. A comolicating factor in the

task was the attemnt to incorporate rcqulremonts for trac! king/
recording details which would permit quantiflcation of Low

Cost Program Practices.

o Both a verified initial concept, and a firm basis for the
development at scme fulure date of a Standardized WBS werse
' outcomes of the task as conducted to-date.

. ~ .' o The concept established for standardization will provide adequate
flexibility, within the work-package framework envisioned, to
accormodate the small differences expected to exist among future
ummenned spacecraft programs. o

o Traditional NASA practice has been to spend several millions of
dollars per anmum, in the tailoring of a new family of WB3s for
each new program undertaken. Implementation of a Standard WBS

could save this appreciable sum oi money for use elsewhere on
unmanned spacpuraft programs.

0 Implementation of the‘concepts defined in this study, not only
provide -improved program 7181b111tv into COSu/Derformanue, but
also furnish additional records for betier evaluabion of program
practices. Further, there will be no disturbance of existing
NASA cost collection, and féporting systems.

o Cost effective developmant of a fully functional Sﬁandard WBS will
require activeknarticipatian of NASA personnel on a day—to—day

basis. This will assis? matevlaITV in the formulation, and co-

vordlnatlon of 1nbrdnﬂural decisions, and dexlnlulonu.
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8.5. Task Recommendations: IMSC recommends that NASA:

o Cbntinue efforts to develop and subsequently implement a
standardized family of WBSs for unmanned spacecraft programs.

o Establish a small team okaASA énd coﬁtractor personnel ﬁo
pursue full-time development of an ihtegrated family of Stand-
ardized WBSs, and the speedy implementation of such a family fdr
all future effort on unmanned spacecraftvprdgrams; both NASA and
conﬁractor work being covered by the family'aforementioned.

For those wishing to study the WBS task,ih depth, the full text is contained

in EM LCPP-17, which is included in the Appendix to this technical report.
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SECTION 9

RISK IMPACT OF LOW COST PROGRAM PRACTICES

9.1 Analysis Objeptives: This.analysis has been undertaken as the fifth sub~
task.of Study Task 2. As planned ofiginall , the task had two objedtives: |
(1) To list the Low Cost Practices idemtified during the course
of the study, and against each practice listed fqrmulate

ggg}i@gﬁizg.aésessments of their impact upon programs.
These qualitative assessments were tc made in terms of

tHigh; Medium, or Low Risk to Program Performanee, Program Cost,

Program Schedule. Rationale for each judgement listed against each

practice was to be appended, and the change in Risk Impact from
the usual routinely applied high cost practices to the recommended

Low Cost Practices was to be assessed as Risk Increase, Risk

Decrease, or No Change in Risk.

(2) To list typs of Programmatic data required'for the assessment of

risk on a quantified basis, and to provide a preliminary plan

for the acquisition of such data.

9.1.1.  Task Objective Substitubtion: As the study prpgressed it became increas-

incly apparent that programmatic data of the types required for assessment of

program risk quantitatively, simply did nob exist. Acqulstlon could not be .
updertaken Thorefore, nor could velid planning for this task objective.
A suostltutlon of obJectlve was made, with NASA - concurrence Oogectlve #
then became : |

0 State of the Art (S0TA) Survey, Quantlflc 1Qn of Program Risk.

9;2 Analy51s Approacht - As with all the analyses_undertaken, the approach’was

to prepare EMs covering the;salient points of the analysis. Two EMs were
prepared; EMs LOPP-15, and LCPP-19, issued to NASA in draft form October 8/75,
and November 20/79 ‘respectively. The former treated the quallnatﬂve aspects of

program. risk analysis, and the latter,¢urnlshed,uhe details of the SOTA survey .

9.2.1. Qualitative‘Assessment'Approagh:»Ail of the Low Cosﬁ Predtices identified

to date were listed by caﬁegoric wroupings The categories ohosen viere the sew
cral areas of spacecraft program actlv1ty, each of which conteined a number of

Low GCost Praoticeu. 9-1
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The program activities categories are:

Activity Area/Category ' Qty of Low Cost Practices | , i
RFPs | 7 1
Design 8 ‘ % :
Documentation 7 ; !
Manufacturing 2 ?
Program Definition/Changes g %
Program Management 9 %
Quality Assurance 5 i
Reliability/Maintainiy/Séfety 0 (reserved for later edit'ns) ;
Specifications ' g . ' f
Testing 2

Selécting exémples at random:
RFPS....... LCP #1-3. Use RFP to encourage Lower-Cost Response S

- Design..... LCP #2-6 Higher Design Margins-Less Testing
Program Management... LOP #6-2 New set of Low Cosct CHRs
Quality Assurance.... LCP #7-5 Reduce quantity of Inspection-
: | Points |
Specifications.......,LCP #9-5 Use of a Reduced "Standard" Spec.-
List. |
For reader convenience, and again selecting an example at random, a completed

copy ofythe standard Work/Data Sheet developed for use in gualifying the

Low Cost Practices, is furnished on Page 9-3-as Fig.9.L

9.2.2, State-of-the-Art Survey, Quantification of Program Risk Approach:

As the title implies, the approach to this analysis segment consisted of a

~survey of recent publications having direct bearing on the subject. Each

listed reference was scrutinized to determine approach hypothesis, assessment

methodology, degree of mathematical rigor, and applicability to the assessment

~of spacraft program risk. More than [0 publications were scrutinized, and their

Salient‘points wers digested and included in the EM, together with graphs,

statistical formulae, and major conclusions s:icerpted from the publications.
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3.

3.1

DATA SHEET - RISK IMPACT OF LOW-COST PRACTICE ~ Page ! of 1

LCP No.: 7-2 2. CATEGORY: QUALITY ASSURANCE -

LOW COST PRACTICE: Use of Contractor Quality Manual - Low-Cost Version

Request contractor to prepare and submit a '"low-cost version of his Quality
Manual which features low-cost practices listed here and elsewhere and in-
cludes a basic program Quality Plan,

3.2 Validate the new Manual and permit use in subsequent contractor proposals in

ho

lieu of submitting a new program-peculiar Quality Plan., Require that program-
peculiar changes or deviations be submitted as an addendum to the Low Cost
Quallty Manual, :

RESULT OF IMPLEMENTATION:

L4L,1 Eliminates need to submit a new Quality Plan with each proposal (large degree

of redundancy among various plans).

4,2 Use of a low-cost Quality Manual would be a strong forcing function toward re-

duction of program costs.

3 Use of validated contractor Quality Manuals would accelerate 1mplementat10n of
low-cost practices.

AREA AFFECTED & DEGREE OF COST IMPACT: (High, Moderate, Low)

Enginoering | ] Testing [ | = Relisvitaty[ | Al Other ™
Mgnufactwing[] MaterielD Qual Assur, |B] []

DELTA RISK (Incrjease, No Change, Decrease)

Performance  No Change Schedule No Change  Cost No Change

- RATIONALE FOR RISKX ASSESSMENT:

Many of the Quality Assurance functions can be reduced without degrading

~ the product quality or performance. Also, each of the elements of a new
low~cost Quality Manual would be reviewed carefully by NASA before vallda-
tion, lowering the probab:dlty that any unforeseen program risk would be '
incorporated, Therefore, no change in program risk will result

Fig.9.1. Sample Data Sheet
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9.2.2,1 SOTA Survey Outcomes/Conclusions: Several conclusions resulted from

the survey. While the full text descriptive of the survey is available in

EM ICPP-19, included in the Appendix; the conclusions are repeated herein, as

a convenience to the. reader. The conclusions are:
1. Apparently, there is no existing methodology directly applicable to

the prediction of quantified risk to program performance and schedule.

2. Three (3) sets of data are required to mske statistically valid asvess-
menbs of program risk:
o Reasonably complete aesign.definition of proposed new program

- hardware.

‘0 Accurate estimates of the cost of the‘severalj and various, elem-
ents of the new program. Detailed estimatés are required down thr-
ough the component level of the WBS structurs.

o Historical programmatic data from noth "Normal', and "Low CostM

programs, As a minimum, these data should include:

a) Performance Requiremsnts, for vehicle, subsystem, and
.\. ) 2 3

component levels,

(b) Schedule Information, ‘prepared preferrably in PERT, or
VERT type networks. o '
(c¢) Cost Data/Estimates, at vehicle, subsystem, and component,
levels of detail,
3. AlY of the foregoiﬁg data should be available on a "standardized basis,'
:,sﬁ that summations, means, and standard deviations, can be determined.
Such data would be used as risk bases for néw progréms, so that compar-

isons with historical program records can be undertaken.
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SECTICN 10

PROPOSED NASA POLICY (IMPLEMENTATION) DIRECTIVES

10.1 The NASA/HQ Low Cost Systems Office expressed the intention to prepare,
and issue a set of policy directives, probably on an incrementsl basis, to
facilitate the implementation of Low Cost Practices for NASA spacecraft prog-
rams. In compliance with this direction to prepare preliminary drafts of

such directbives, IMSC undertook to examine selected Low Cost Practices, and
formulate them as potential NASA policies.  The definitions, rationale,

subject matter, and outcomes of this task, Study Task 3,were documented in

EM _LCPP-18 issued November 5, 1975. Appended to this EM were five (3)

attachments, 4,B,C,D,&E covering respectively:

o Basic Policy for Implementation of Low Cost Practices.

o Basic Pclicy for Low Cost Application of Specifications & Standards

0 Basic Policy for LowerVCost Documentation Requirements

o Zasic.Policy for Improved Contract Program Definition, and Fewer
Contract Changes. '

0 Basic Policy for Lower-Cost-Driving RFPs

As there were no btechnological innovations in these directives rough drafis,

and as further, these drafts were intended to act only as basig guides to NASA
in formulating the final directives, neither the EM, nor the attachments to it
are furnished in either fhe Appendix, or this fepqrt, Copies of the EM were fur-
nished to NASA/HQ LGSO as per COR direction. '
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