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i SECTION 1: INTRODUCTION 

1.1 GENERAL 

This document, "Reliability Engineering Program Provisions for 
Space System Contractors", document number M-REL-M-131-62, sets forth 
common, general requirements for Marshall Space Flight Center contractor 
reliability programs necessary to insure that complete launch vehicle 
systems, stages, subsystems, components, and associated ground support 
equipment shall meet the reliability requirements of the contract. These 
requirements include the establishment, control and maintenance of an 
effective reliability engineering program from the design conception to 
the delivery of articles that meet the intended design with a satisfactory 
reliability level. This document is consistant with existing MSFC relia- 
bility policies, reliability policy board directives, and reliability scopes 
of work..'. It ampl"ffi,es*. in conside$able d~t'ail, :t&e-rrgqb&neimsnts whFch -+,be 
invoked in a space system contract. 

1.2 APPLICABILITY 

This document is applicable when invoked by reference to it in the 
prime contracts fof MSFC launch vehicle systems and, elements thereof, It 
also applies to those major subcontracts to which its provisions are perti- 
nent, as determined by the MSFC Deputy Director for R&D, by the cognizant 
blSFC project system office, or by the prime contractor. The reliability 
requirements herein shall also be utilized by potential MSFC contractors 
as guidelines in preparing a proposed reliability program for a space 
system in response to a request for proposal. 

I 
I 1.3 RELATION TO DETAIL REQUIREMENTS 

Reliability program requirements set forth in this document shall be 
satisfLed in addition to all detail requirements contained in the ~ta~ement 
of work, or Fn other parts of the contract. Regardless of the requirements 
of this document, the contractor is responsible for compliance with all 
provisions of the contract and fpr furnishing specified articles which meet 
all the requirements of the contract. 

1.4 RELATION TO MSFC DIVISION REQUIREMENTS 

The reliability program provisions herein shall not be construed as 
requiring a duplication of effort to requirements set forth by design, 
engineering, test, and quality assurance divisions of the MSFC. Certain 
requirements herein, such as testing, design reviews, reliability control, 
manufacturing reliability; etc., may be considered common to other programs 
carried out by the contractor. Where appropriate, testing or other relia- 
bility program requirements with similar objectives shall be combined. The 
contractor's reliability program shall be oriented toward achieving mission 
reliability in the most effective, economical manner. 



1.5 RELUBXLI"IC Y R @ ~  PLAH 

The contractor's reliability program Plan will conform tb the detail, 
requirements s e t  forth in the contract and the generat reliability require- 
ments herein, Also, the reliability program plan shall be comgarible with 
requirements of the NASA Quality 'Publicati~n 200-2 (MIPC 200-21, 

The teltability engineering programs of tho eanrtactar &id 60 k i a  
major oubeontraetoss shall be subject t o  a@ntinu@u@ @va%uat&awr review, and 
inspeetisn by the cognizant MSFC pro jec t  egsteM$ a f f i e e  at t t s  designabed 
repreg entati~es, fie cofitfactar 5 sgsis t ing tel iabilitp engineering program 
will be considered adequate upon s sacisfactory demonsfration, tg the 
cognizant MSBC project system office, that it continu~usly provides an 
equivalent to the reliability requirements as set forth in this document. 
Where appropriate, existieg MSFC launch vehicle or stage system contracts 
shall be evalpsted and revised as required in order to satisfy the reliability 
requirements set forth in this document. 

When this document is revised, the contractor is encouraged to follow 
and to authorize the subcontractors to follow the applicable pxtlons of 
the revised documents. The contractor is not required to comply with 
revisions made after the effective date of the contract except as a contract 
change. If the contractor elects to follow the revised document without a 
tontract change, he shall notify the contracting officer, the cognitanr N B C  
project system office and its designated representatives in writing. 

1.8 SUPERSEDING NOTE 

This document supersedes documents with same tifle and number dated 
August 6, 1962 and Septemeber 17, 1962 (Revision 1). It also replaces 
document No, M-REE-MA-1-62, Revision 2, "MSFC Contractor Reliability 
Program Requirements for System, Sub-system and Equipment", dated June 1962, 



GENERAL 

The contractor shall mainterin an effective and timely reliability 
program,planned and developed in conjunction with all other contractor's 
functions necessary to satisfy the contract requirements. The program 
shall insure that launch vehicle system reliability goals are met through- 
out all phases of the contract performan~e~from preliminary design to the 
lafmch of the vehicle. The contractor and his major subcontractors shall 
perform all necessary investigatians, studies, engineering, and reporting 
documentation asJay be required to accompllish this objective and to ,assure 
the NSTC that this objective has been achieved. 

The prime contractor shall provide for the establishment of a relia- 
mbility -nag-nt group, or reliability policy board, to direct and monitor 
the efforts af the overall reliability program. The members of this group 
,shal,l consist of responsible representatives from the contractor's execu- 
tive offices and the operating divisions to insure a conaistant divisional 
policy. The reliability policy board shall: 

a. Establish organizational responsibilities for the development of 
specific activities required to compliment the policies and objectives that 
have- been established by the MSFC and by the contractor% reliability 
group. 

b, Approve the issuance of reliability policy statements or otber 
authorized media which define the specific reliability activities and the 
@cepe and agplicaklon sf thsebe.actfvitiea. 

c. Establish policy for major subcontractor reliability programs. 

2.2.1 The reliability mgineerfng program shall be accomplished 
through a reliability group, sepacately identifiable within She contractor's 
,orgamBzatioaal structure. "$"his group shall provide, through assigned 
authority and reeponaibility, for reliability policy establishment and 
implementation. The reliability group $hall be staffed with technically 
empeteat personnel in order ta advise design engineers as to potential 
reliability problems; plan and execute a comprehensive reliability engi- 
neering and control program; have access tq an adequate Baboratary;,per- 
born evaluations; and identify areas c r  item in need of iqrovement. 



2.2.F The person directly charged with the respmsibility for the 
~@LSrbilitg cngfneering program ska f l have the author f ty  neceesary fot  
qffwtioe aecutisn of the praggarn, and ~ihexlf have urihpedad erceesca to 
t&p mmgmnt;, 

2.2.3 The reliability management and organization chart ehall be 
, shown in the reliability program plan. Reliability management, engineer- 

fag functions, and responsibilities shall be detailed in $he reliability 
pragram plan, 

2.3 RaLIABXltIri P R O G W  PLAN 

The prhe cwtractor shall prepare and submit for approval, within 
two months after first contract date, a reliability program ~1em for the 
accmplfshment of the contractor's reliability program, The plan shall be 
a detailed reliability document which clearly describes the areas of re- 
sponsibilities a d  the activities of the reliability engineering group. 
The plan shall also describe the asasciated reliability activities of the 
sonerdctorBs other departments or orgaaimtions in order to assure a sound 
a& effective coverage of the reliability program. 

2.3.1 The relJlratbiLity grogram plan shall be regarded as an importanf: 
caatrae&wl dwtpmeat which explains the specific details of the contractor's 
internal reliability program as it relates to specific equipment 
systems being developed. The reliability program plan shall des 
bility procedures and methods required to implement the teliabil 
The reliability program plan shall be prepared such as t o  pernit 
mnt project systm office or its designated regxesentatgv 
datamine the adequacy of the reliability engineering program. 

2.3.2 fie reliability program plan shall describe in detail all 
raraa of reilhbility wark t o  be accoqlbished during the eatire develaplaent 
and px~dutce%on~gr~,grm. The plan shall include generaliaed reltability 
tw'banicah and adminiskrbttive concepts, opemtioxaal detail8 of the program, 
woad specific documentation to be generated in the aparatiaml phase, 

2.3.3 Belhbility schedulas shall indicate atarting dares and corn- 
pkatian &tes sf a l l  ra%iab%lity tasks ts betperf&)-d. A detailed cost 
i~%mlysis,rnpr*~ed in -a hours, mterbls, hardware for test, and fwefli* 
t i es  aeebel @hall  be Beeailed i n  the auppBemen&ry dacument to the pxograan 
p x1n. 

i 

2,3.4 me raldabildky program plan and sragplementw gheteef shall be 
revkwed for revi~iassr .on a yearly bapafa in order to reflect ehe hte&t 
grqram re gut^-nta. Pertinent data or ~QCU~)[B~B represeastPrag chagea, 
addittons, or deletions t o  the plan shall be caorddneted &ad dbasmimtied 
By &he contractor's reliability engineering group as requhrb3gB between far- 
ml revis ion 'per ioder . 

4 



2 . 4  mLHABXLXTY GOALS 

Quantitative reliability goals shall be developed for each launch 
vehicle or stage system (to the camponent level) such that the inherent 
capability of the system shall be acceptable for manned usage. Considera- 
tion shall be given to both the flight hardware and the ground support 
equipment. 

2.4.1 The prime contractor's reliability group shall develop and use 
reliability mathematical techniques and models far predicting and evaluat- 
ing the reliability goals of the stage system, subsystems, and components. 
These goals shall be expressed in probability of survival, in mean-time-to- 
failure, and in safety margins at any given phase of the program. These 
values shall be correlated with the values for the inherent design relia- 
bility. 

2.4.2 The reliability group shall develop and use reliability 
appnrtidnaent, prediction, and assessment methods to predict and assess 
the  achieved reliability. The general requirements for reliability mathe- 
matical d e l s  are gutlined in section 8 of this document. 

2.5 'RELEGBILITY FAILURE MODE AND EFFECT ANALYSIS 

The contractor shall develop reliability failure mode and failure 
~;$fect  analyses for the stage systems and the individual systems, subsystems, 

components. The objectives of the analyses shall be to indiaate cri- 
tical failure areas and to remove all critical failure modes from the dynamic 
components of the systems regardless of the occurrence probability. The 
analyses shall also provide a major criteria for establishment of hardware 
checkout and monitoring frequency during automatic checkout, final count- 
down and launch, Requirements for the failure mode and effect am3ysi.s 
are outlined fn section 6 of this document. 

2.5.1 The reliability failure mode and effect analyses shall be used 
as an aid to the reliability design review. The results of these analyses 
a& the results af the statistical test analyses shall also be used to 
eswblfsh priority of test items, hardware criticality rankirig according to 
failute effect, and provide for early reliability recommendations to the 
rantractor's design groups. 

2.5.2 In addition to the reliability failure mode and effect analyses, 
the reliability group shall conduct a failure cause analysis in order to 
ptovide far quality cantrol measurement parameters, 

2.6 RELZABIE1C"P'Y SPECBFXCGTHONS AND REQTJIREPnIENTS 

?!he contractort s reliability group shall prepare and maintain genegal 
reliability specificertiorss defining various elements 5f subcontractor and 
supplier reliability technical and magement control effort to supplement 



tho procurement speci fications , Reliability specificatfuns and specific 
raPiability requirements shall be available to the MSFC reliability 
representativs,located at the contractors plant, for review and approval, 

2.6.1 Specific reliability program requirements shall be clearly 
described and documented in the specifications. These sgecfficat&ons, 
which may be included as part o f  equipment procurement specifications, 
shall outline requirements and procedures for reliability program areasl 
such as design review~confidence develogmenf testing, reliability criteria, 
and reliability requirements. 

2.6.2 The contractor's reliability group shall have approval author- 
Ptg of 4311 procureaneat end test sgecificatl~nsr where reliability may be 
affected, Engineering changes te drawings and srpecifieations shall be 
tlc?t~~rIwt.ed by the ralbbhlitg. engineering graup tcr detemkne their effect 
@a ar91Ubl1I8t?f. 

Potential suppliers shall be surveyed by the prime contractor to 
I determine their capability to furnish components or assemblies havtng the 

requited reliability and quality. Suppliers will be required to submit a 
description af their reliability engineeking and control pragrams with 
specific reference to the launch vehicle objectives and prqgram standards. 
To determine the degree a£ conformance for specified reliability goals, 

I the contra~tor~shall require the suppliers, af critical reliability items, 
to conduct failure mode and effect analyses as well as development and 
evaluation tests. Secti~n 10 of this document outlines the general re- 

I quirements for subcontractor and suppliers reliability programs. 

I 

i 2.8 MPIUBILTTY DES WGN REVIEW 

The contractor shall perfam an effective reliability design review 
program on a continuing basis. The design review group shall include 
qualified pereonnel from design, reliability, qudlility control, manufrtetur 
ingeland ather pertinent groups to verify chat the presented design does 
met the rquiacements and environment#X, criteria* and &he product cav be 
.mr%srarSastured wlth no degradatim of relietbiliey or quality. 

I 

i 2,8.1 Preliminary design ~cevhests shall be ~anducted white the deslgn 
Lt8 in the liryuur and Initbl draft stage. Mjor  desigfi ~ev%ewbl.shaLl be 

I 
I w ~ t d c k ~ d ~ p r i ~ r  to graductian design. release, arlca Applicotiara. aapprwwl 
1 & w i d  aevkmsAahst13. be canducked prior to the reviewed item asage, The 

scope of these reviews shall. be such asha insure k b t :  a l l  aigabfieant 
! 
I factors .affecting funation and reliability hervie been leaZuaatecF. and pralp,etly 
\ lbxrcluded in the product design. Retiabiliky review rquirernents are at- 
I lfaed in secthon 5 of this dcaemat .  
I 





inposed upon the components of the eyafems. The f a i l u re  rate of these 
caap.aneraC8 s h a l l  be a fuact tsn 6% the local  anvil~oment and not of the 
mvixc1nrmetlt cal led sut i n  t he  geaeral spacifilzations oz i n  the detail 
wubpment wpeificsattions, Enlviramental $t resses  s h a l l  be Beteminled i n  
order to pragorlg derBtc the  components, The envir~meart81 cstudies s h a l l  
slscr de tamiaa  ways of  csncrolliat; and i so la t ing  khe .env%romate and 
su f f i c i en t  experimental t es t ing  shall be scheduled t o  vexiff the gredic- 
&%WS cesf envi~omc;nt ,  m e  ini t ia l .  envir~raraental acudies should begin a t  
the &ccagtanc$ of the ~ o p t r a c t  and proceed from. the external e~lvironment 
a t  eat& 02 the subsystems alpdl describe the local ~cnv.hronmnents. A s  soon 
a s  modela which approach the f i n a l  hardware csnfigurations a r e  avai lable ,  
these models s h a l l  be tes ted t o  confirm the enviramentcsl gradictions. 
System changes sha l l -be  evaluated for  t he i r  e f fec t  upon the local environ- 
meat of the  cmponents and the r e l i a b i l i t y  group sha l l  conaidar derating 
fac tors  and t h e i r  effeot  on component r e l i a b i l i t y .  

Failures and analysis of a l l  t s e t  r e su l t s  sha l l  be rewr ted .  Analysis 
of t e s t  r e su l t s  w i l l  be based on the correla t&sn of labotatoxy c a n d i t h s  
with ac tua l  danrage potent ia l  under f i e ld  end'.induced enwiromqnts. These 
.re@rts s h a l l  be prepared by hhe contractor" rreliabil i ty engineering 
group and submitted t o  the cognizant WFL: project  systems of f i ce  a r  Its 
d e s l l w t e d  representative f a r  review, 

-2.11*1 CC)rrecttve-actiapi s h a l l  be terkerr. ta prmlude raaslfu~cticzn 
%e:eugrm&ee, St : s t i~ t r ica l  eva lua tbn  of all data zocc la tad frm research 
a d  developsrment thrmgh application approval t es t ing  aha l l  be p s r f & m d  by 
design a d  r e l i a b i l i t y  enginears assigned t o  the specific? equipment BeLng 
teeted. A l l  evaluae$on data w i l l  be utili-zed in  the assessment mthwaaticml 
&el. 

2.11.2 Rel iab i l i ty  test reprts .ahall  linclatde test data and evalua- 
t ioa ,  kriardwerre a@atuar and approval milestones. 

TfariarbSlfty atudies,on the  systems .and s u b s y ~ t a e r  s h a l l  be atemap- 
LisbM ea r ly  i n  the program so that  vari&tions Sn the r~jrsta specifieot- 
tio;na can be made, As cSrcuits or syatma b e m e  a r e  defined, they s h a l l  
W-su3LbWtd ta an &asnalgus$rr tc) deternine the i r  valclerbt%%ty arid the  e f f ec t  
.af am& t&% CMdgas, The. wasirablllflty sstMhe.wU1 tske.ixmttl actcowat 

p&aeraU. The cantractor % rrglLebility gmup ,shall ~ & U b l i s h  prMedure8r 
.and tachnbgsea f o r  @ h a - s t a t i s t g a l  and B I I Z B I I ~ ~ L W ~  am$'~f86$ 6 ~ ~ ~ y a t ~  e f fec t s  due 
to  v a r a b i l i t y  bf nente. 'Inspeetian by varlrrbles shdlll be ccmnsidemi3 
as W6: a cantirsuous a v a l m t i m  w i l l  be avai lable  trz &he de:Irl.$gn &ad 
entgAnwr itng , $~@upr;l. 



2.13 EmVHRQNHENTAL DES $GN CRITEREG 

The prime contractor shall prepare an environmental design criteria 
document outliairig the detailed environmental design criteria far the 
vehicle or stage systems, subsystems, components, and the associated 
ground support equipment. This document shall specify the environmental 
conditions, including stress levels, time, and sequence parameters. Each 
mission and stage system configuration shall be defined and specified 
separately. This document will be revised, as necessary, to be current 
~ 5 t h  the latest available data. The contractor shall submit this document 
to the cognizant E1ISFC project systems office and its designed representa- 
tLvw Ear approval. 

The contractor shall provide attendance of qualified personnel at 
reliability review conferences to be held either at the contractor's 
facilities, the Marshall Space Flight Center, or other possible locations 
as may be appropriate to discuss the Stage system program or possibly 
other phases of the complete Launch Vehicle System. 

2.15 HUMAN ENGINEERING AND EVALUATION 

The contractor shall establish and coordinate a human engineering 
and evaluation program to insure that the Launch Vehicle or stage system 
is capable of being handled and operated without hazard or undue degrada- 
tion of performance when subjected to its intended functions. Considera- 
tion shall be given to both flight hardware and ground support equipment. 
This program should begin in thabdesign conception phase and surveillance 
should be continued throughout the complete life of a given syqtem. 
Usually this effort is performed by the contractor's System Enginebring 
group) in that case, the reliability effort will be detailed in the relia- 
bility program~plan and the group responsible for the major effort will be 
identified. 

2.16 RELIABILITY TESTING 

The contractor's test and development program shall provide for an 
Integrated development and demonstration program to assure that the launch 
vehicle system, stage system, subsystems, components, parts, and ground 
support equipment will meet mission reliability requirements. Section 7 
of this~.document outJines the general requirements for ,'the confidence -develop- 
ment test program. 

2.17 RELIABILITY PROGRAM CONTROL 

.The prime contractor shall establish and maintain a reliability con- 
trol program for managing and evaluating the reliability engineering program. 
The control aspect of the reliability program shall conqist of: 



a ,  Measuring the  performnce of  saeh specified r e l i a b % l i t g  task,  

b, Evaluating the  marurad p e r f a m a c e  i n  sebbstiaa to tka rotarblitha 
&id rql l tabi l i ty  p e r f o m a c e  $f@tzdarda, 

c .  Deveslbping and in s t i t u t i ng  an$ correct ive  rct$om neeeakdry. 
I 

4, a e v 9 s i ~ g  the ~ r i g P n a l  planis ,a@ e q u i t e d ,  h a  toasttar ralMb4LLCy 
aaultr&l, i n  arder ts  aasure the highest IevsI af oeliabiiity, 

2.17.1 The rg l i ab i  l i t y  control  phase o f  the grsgram ebail require 
separate; defined contsols f o r  each and every task Fn the r e l i a b i l i t y  
program. The r e l i a b i l i t y  control  methods and techniques s h a l l  be deta i led 
i n  the   ont tractor's r e l i a b i l i t y  program plan, 

2.17,2 The r e l i a b i l t t y  program s h a l l  be eontrs l led by the  contractor 
using documdented management pol ic ies  and procedures fo r  r e l i a b i l i t y  prQgram 
operations, milestones schedules, and the PERT nefvork. The r e l i a b i l i t y  
program s h a l l  be c losely  integrated with careful ly  developed and applied 
information Systems which s h a l l  cantinuously and accurataly display current 
s t a tu s .  

Milestone schedules s h a l l  be used as a-method of r e l i a b i l i t y  program 
control ,  The milestone sehedulss @ha l l  be composed of the  major events 
f i s t e d  i n  t h i s  document and as required i n  the  contract .  

2.18.1 Three confidence level  milestones s h a l l  be established f o r  
the  research and development hardware during application approval t e s t i ng  
(see glossary), These conf ibence levels  s h a l l  represent increasing 
assurance t h a t  r e l i a b i l i t y  goals a r e  being achieved and s h a l l  define 
,approval points fo r  research and devslopment hardware. 

2;18.2 Three control  level  mhlestotles aha l l  be established f o r  pro- 
duction brdware  during operat ianal  assurance tss ting (see glossary),  These 
colnlt'rol l eve l s ,w i l l  allow comparison o5 the  operation of launch vehicle 
equipment t o  confidence level  c r i t e r i a  and s h a l l  provide f ~ r  pas i t iva  
iden t i f i ca t ion  of c ~ n t i n u e d  satisfactory operation, 

2.19 WTtIABILXTH PERT NETWORK 

The r e l t a b i l i t y  PERT network s h a l l  be established aqd maintained by 
the contractor fo r  control  af the  Rel iab i l i ty  Progrim and for  furniahfng 
nrecpagement ihfosnnaatisn a s  required i n  the  cantrace. The r e l i a b i l i t y  PERT 
rretwark rhould consider the  B e ~ o w i n g  network routes : 

8, The r&U,ability deem review route f a r  a l l  parts, compmeato, 
bubtQ?s te~~,  O X $ ~ W  ~ ~ h i ~ l e ~ .  



b. The qualification and reliability tests route for the non-flight 
hardware. 

c. The operational assurance test route for the flight hardware. 

2.19.1 The overall network shall show how the events are fnter- 
dependent throughout the contract schedule from the contract "go-ahead" 
stage to the launching of the vehicle. The contractor's reliability 
organization will use the PERT program for reliability program planning, 
evaluation, and control. The reliability group shall furnfsh information 
to the PERT network which will consist of events, activities, estimated 
times and schedule dates based on the reliability work. 

2.19.2 The contractor will provide the reliability group with the 
latest reliability PERT network charts, denoting the critical path, and 
PERT output forms depicting the events, activities, estimated time, 
expected dates, latest dates, slack time and schedule dates. 

2.19.3 By use of the PERT management tool, the reliability group 
shall identify future problem areas so that appropriate action may be 
taken in order to resolve the problem and thus achieve a stated objectfve. 

2.20 PROGRESS REPORTS 

Technical progress reports shall be submitted as set forth in the 
contract requirements. Section 4 of this document, outlines the relia- 
bility information required in these reports in order to assist the 
cognizant MSFC project systems office to evaluate the progress of the 
confrac tor. 

2'21 FJNANCIAL MANAGEMENT REPORTS 

Financial management reports shall be submitted by the contractor 
in accordance to the contract requirements. The contractor shall furnish 
reliability management type information such as fund allocation, funds 
expedded, balance, and estimqtes to complete the various phases of the 
reliability program. 

2.22 RELIABILITY DOCUMENTATION 

Reliability specifications, analyqes, lists, and a program plan 
shall be furnished according to the contract requirements. In addition, 
the contractor shall submit to the cognizant MSFC project system office, 
or its hesignated representative, for information or approval as required, 
test procedures, test reports, and other related documents. Section 3 
of this document outlines the reliability docbmentatllon requirements .and 
the documents required bpthe eognizabt MSFC project system office for 
approval, review, or for informational purposes. 



prime eantrac&ar and the majar subcantrec&ors s h a l l  coneider 
red pntovjtde fo r  operation time measurements on a l l  c r i t i c a l  f l i g h t  and 
gso~nd equipment. Operation time meesureanent i n s t rumnt s  , aperatioa time 
tpbetars, a d  elapsed time indicators s h a l l  be considered f a r  con t fnu~uely  
fncrr'litoring t h e  ;ilmodnt of operating time or  the  number of aperebtltang placed 
oh t h e - c r i t i c a l  f l i g h t  and ground support equipment. 

2.23.1 The r e l i a b i l i t y  engineering group s h a l l  coordinate with the 
contsactor 's  design groups responsible far the development of these cri- 
t i c a l  items, and a s s i s t  the  design groups i n  establishing the  l i m i t s  of 
l i f e  expectation. ,_ 

2.23,2 The r e l i a b i l i t y  group s h a l l  be responsible fo r  compiling 
necessary dacumeatation demnstrat4ng cmplhnce.wieh the  operation time 
requiremernts,,and s h a l l  a l s o  be respansfble fo r  the  infeaaa; lon campati- 
b i l i t y  from a n  over-all  sy s t em viewpoint. 

2.23.3 Prescribed preventive maintenanqe and un i t  replacement 
schedules s h a l l  be recornended i n  order t o  avl6id wearaut f a i l u r e s .  
Woutine equipxrnent checks s h a l l  also be required depending on the  operation 
tLme mehasurment requirements of a l l  c r i t i c a l  f l i g h t  and ground support 
egu ipment . 
2,24 WE&ILABILIC1["P AUDIT 

me contractor s h a l l  aud i t  the  adequsr~y of the  s e l i & b i l i t y  engineer- 
Zng and control  program. The audi t  s h a l l  coneist  of reviewing the  r e l i e -  
B i l i t y  plkagram in te rna l  working procedures, tests, evaluation methods, 
design reviews, f a i l u r e  analysis ,  reporting; metbr&s;: etc. The audi t  s h a l l  
be.perfosnred s n  a timeby bras%e, i n  each area of rslMblblity, rand by an  
bpartib51 group &elected by the  c~nfrsrctor'a.rali~abi151ty palicy board. 

2,24,1 The audi t  group s h a l l  evaluate the  e s m b l i ~ B e d , r e l l r a b l l i t y  
requirmehts  .and stqndards af operatioas. P8r t icuIar  consideration shall 
b e  given to the  audi t ing of the  r e l i a b i l i t y  c o n t t ~ 3  at& m i t o r i n g  aethoda 
and techniques. Where appropriete, the r e l i a b i l i t y  a~dits.mocay be a c w r d i -  
m t e d  e f f o r t  with the  qua l i ty  control  program audi t s ,  Suff ic ient  aud i t s  
s h a l l  be-performed an a.r-andom, unannounced basis  i n  order t o  be e f f ec t i ve  
fa ravwliag abplmrfacturihg, r e l i a b i l i t y ,  o r  quality defic&enches rsquiridg 
sr)sxec t bns .  

2.24.2 WeliwrbilFty aud i t  f:-aparts s h a l l  be prepared and submitted 
ta rthe r e l i a b i l i t y  policy bmrd  and t o  t he  rel%abibit.$r r e p r a l n t a t i v e  
l a s t e d  at  t he  cantrraetcprfs pleat .  The report  shall iacfude ree  
t i on# . f a r  ~o t rec t ia las .a f  r e l h b i l l t y  defllcbencfas. G;arrectbve and fsllew- 
up arctian s h a l l  be taken by the  contractor$$ r e l i a b i l i t y  group to coxreot 
the  repgrtrel def ic ien t  area@. 



2.24.3 Quarterly summaries of reliability program performance 
audits, corrective and preventive actions taken, and results of reviews 
of deficient areas spa11 be prepared and distributed to the contractor's 
top management, to the cognizant MSFC project syetems office, and to its 
designated representatives as information type documento. 



SECTION 3: mLUBTLI'S"II DOCWNTATZOH aQUXmmmS 

Objective evidence of reliability and quality cdaformanae .bnefuding 
dnagement procedures and recordsd inspection and tes& kesultfll @hal l  be 
mda readily available to the cognizant &BF6 p~oject sys$ems & f i e @  and 
i ~ b  &sf gwhted rep~esentativea , m e  prime sontractor and hi6 iaajo% subs 
~%ntract~~% &hail develop and peovide all documentatisn specified herein. 
Depending upon requirements specified by the cogni~ant MSFC project systems 
office, contracts m y  provide for departures from the documentation speci- 
fied herein. Where this is done, the contract requirwants shall be 
followed. All documentation w%ll be available to the cognizant MSF6 pro- 
ject syst~ms office and its deaggnated representative for approval, review, 
ox ss infolsmatisa type documents. The reliability program documentation 
reqluirtjlgenta: herein shall not be construed a5 requlrfng a duplication of 
effort to requirements set forth in the NASA Quality P&lication NPC 200-2. 

The prime contractor and his major subcontractors shall ckacument and 
mintain adequate records of all test data, inspection Peports, failure 
reports, analysis and other information pertinent to the assessment of 
reliability requirements. The reliability reporting system shall be simple 
and inexpensive, but as comprehensive as the amount of required reliability 
information and data demands. The reliabiliey engineering group shall be 
responsible for the establishment of the reliability data flow and the 
determination for the adequacy of the reliability f~llow-up systems within 
the contractor's facilities. 

3.2.1 The reliability documentation and reporting system shall pro- 
vide periodic reports to the cognizant MSFC project Esgse.ems ofEbce and to 
its designated representatives In order to permit a continusus aecoenting 
of reliability progress and problems thsaughout the development program, 
l[bhe pime contractor% srlicabilitp engineering group shall set up the 
mechaniema for updat fng reliability infamt 8otl regarding reliability data 
and failure data reporting. 

3.2.2 The reliability group shall cosrdinate with the participating 
cuad;racrtor arganfzetbnra to prepare reliabiligy dwuments in order to assure 
s sound and effective coverage of the reliability ehgineering program, The 
reliability group shall also analyae and be responsible for all reliability 
data and estsblish the reliability reporting system at the beginning of the 
program so that valuable experience shall not be,wasted or lost. 



3 . 3  APPROVAL DOCUMENTS 

The cognizant MSFC project systems office's approval will be granted 
in writing within the time specified in the contract. The contractor shall 
not implement documents in this category until such approval is granted. 
Neither approval nos waiver sf such approval shall re'3ieve the contractor 
of his obligation to meet requirements of the contract. 

3.3.1 The following documents shall be prepared by the contractor's 
reliability engineering group and shall be submitted to the cognizant MSFC 
project systems office for approval. 

a. Reliability Program Plan 

b, Environmental Design Criteria 

c .  Reliability Test Proposals 

3 . 3 . 2  The following documents shall require inputs from the prime 
contractor's reliability engineering group prior to being released for 
approval, 

a. Launch Vehicle Model Specifications 

b. Ground Support Equipment Model Specifications 

c. General Test Plan 

d. Data Submittal Documents. 

3 . 4  REVIEW DOCUMENTS 

Documents in this category shall be received by the cognizant MSFC 
project systems office or its designated repregentative a minimum of two 
weeks prior to the intended or required use by the contractor. If the 
contractor has not been notified of disapproval within the two-week period, 
he m y  proceed. However, subsequent changes in such documents may be 
required by the cognizant MSFC project systems office. 

3 . 4 . 1  The following documents ahall be prepared by the contractor'e 
reliability engineering group and shall be submitted to the cognizant MSFC 
project ayeterns office for review, 

a. RelPahFlity Specifications 
I 

b. Approved Supplier List 

c, Reliability Test Froceehres 



d. Reliability Test Speciffcations (or Criteria) 

e. Approved -&rts, Component, and St~bsgraCarn L i o t  XL not 
aoakmad r a  the Cone~actor's quality assurance group$ 

f .  Qualification Status List $his li~t she(,ll also be 
cacrrdiwted with the MSFG Quality Assurance Ofviaim and the mFC 'bfelia- 
bi%Ptg Qf f ice. 

3.4.2 f ie  following dcwments shall taquirs inputs Sy the centractargs 
reliability engineering gro~p~pxiar to beimg relasrsed for revierw', 

a. System Test Plans 

b. System Test Procedures 

c. Procurement Specifications, 

All documents in this category shall be submittad far the: purpose 
.of determining current reliahility program status, reliabiftty problem 
tibrass, progress, and future planning. 

3 , S . I  The following documents shall be prepared by the contractor's 
reliability engineering group and shall be submitted to  the cagnizant 
MSFC project system office or its designated repyesentriltivw as infor- 
mation type doournents. 

a. Reliability Mathematical Apportiomant, Prediction, and 
Assessment Reports. 

b. Vehicle or Stage System Reliability Design Reports. 

c. Weekly Technical Progress Reports. 

d. Failure Mode a;nd Effect Analysis Repsrte. 

a. Failure Cause Analysis Reports 

f, Reliabtllty Design Review Reports. 

3 .5 .2  The following d~cuments require inputs from the contractor's 
reliabiZity engineering-group prior to being released as informatian type 
documents, 

a. Suboartractor and Supplier Survey ;Reports. 



C . Supplier  st idg Reports. 

d. Monthly Technical Progress Reports. 

e. Reliability Quarterly Audit Sunnnary Reports. 

3.6 INTERNAL WORKING PROCEDURES 

Internal working procedures shall be prepared and documented in 
order to control the integrity of the reliability data, and to assure that 
the reliability and failure information will be interpreted properly. All 
reliability and failure information shall be located in a reliability cen- 
tral file and shall be easily accessible. Reliability reports and summaries 
sudtable for all levels of management and engineering shall be issued on 
a periodic basis. Reliability program status reports shall be distributed 
periodically in accordance to the contract requirements. 

3.7 SUPP 6, DATA DOCUMENTS 

Supplemental data documents shall be prepared by the prime contr&rctorvs 
reliability engineering group, These documents shall be used as.working 
type documents to carry out the reliability program. Due to the frequent 
revisions required for these documents, they shall be issued separately 
from ather data submittal type documents. Objective evidence of reliability 
engineering conformance including contractor's management and reliability 
policies, procedures, records of performance, test procedures, test data, 
test results, reliability stress analysis, etc., shall be made readily avail- 
able to the cognizant MSFC project systems office and its designated repre- 
senta t ives . 

3.7.1 The following working documents shall be prepared by the 
contractor's reliability engineering group. 

a. Reliability Design Guide, 

b. Reliability Control Procedqres. 

c. Subcoatractor and Supplier Survey and mting Questionnaire. 

d. Reliability Br~cess Specifications. 

e. Reliability Test Program Summary Book. 

f. Reliability Test Training Manual. 

g. Laboratory Evaluation ,Reports. 

h. Reliability Pre-Test Analysis Reports. 

i. Test Facilitie~ Survep Questionnaire. 
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3. '1.2 %ti  t c l i i i ~ i t +  group @hall cosrdiaat@ iiifh' rhr eontt&eCor8. 
9 t h ~  btgan$aati&ns, resia6a i b l s  fag apeeif 2c baput at , f t l ~ e e i a ~ ,  in. s~deo 
bb )xe&rerre tb dacuraents lictred balow, 

j a. BeiiabSlLty Training and BRd~ob3arjtlllarCLc)n B@cum6ntsr. 

b .  Application Apppval Test Reguliremant$. . 

d, &itasria Application knual, 

. f .  Perrign Review Check El&&$. 

me prime contractor ' s rsltability- engztnesving graug .ahall prepare 
and' n@.ntt&%n reliabil$ky procedures to be used in %he reliability control 
sf the c~iitrac&gr% d@velopment pragretm. These procedures 'shall be o&t- 
lik@d i n  the   on tractor's polllefes and procedures manual, de'b0gp eranuahrs, 
drkyltdg requirement manuals, and in other documents used by the cantractcar'-s 
arganioaitim whieb affect reliability. 



SECTIOIII 4: TECIWICAL PROGRESS REPORTS 

A l e t t e r  report s h a l l  be submitted t o  the r e l i a b i l i t y  refiseeentative 
located i n  the confractor 's  plant. The local  representat ive-wil l  forward 
te le type copies of t h i s  report t o  the cognizant WFC project system of f ice  
and ta the  MSFC ReliabilLty Office. The reports by the cantractor s h a l l  
be submitted on applicable areas of e f fo r t  such as  tes t ing,  s ta tus ,  new 
prablemg, special  infofinstion, e tc .  

4.2 MONTHLY PROGRESS REPORTS 

Ineluded i n  the  Hanthly Progresa Report, as set forth fa the  contract  
requirements, w i l l  be a r e l i a b i l i t y  section,whlch reviews t h e  wark perfarmed 

I I during the report period. Tncluded sha l l  be plans and schedules of work, 
schedule changes, technical d i f f i c u l t i e s ,  e t c ,  t'hat w i l l  a s s i s t  the cogni- 
zant MSFC project  system o f f i c e  i n  evaluating the progress of the contractor. 
TechnScal progress and s ign i f ican t  accomplishments together with problem 
areas ,  decisions, actions,  changes and t h e i r  e f fec t s  on the program s h a l l  
be emphasized. 



The r e l i a b i l i t y  degign review program s h a l l  be - the  ~olztre1 applied 
be -#are W t  &he design w i l l  meet the specified funetianal dlnd relia- 
bility g ~ b s r  This program sha l l  assure tha t  na weaknese ex is t s  which 
w i l l  a f f ec t  r e l i a b i l i t y .  The design review s h a l l  be a progressiviit $val&a& 
t ion  of a design, sha l l  s t a r t  with preltminiary data,  a& sha l l  be a con- 
tinued program a t  pre-planned stages of design and hardware development, 
The design reviews s h a l l  confirm, with the contractor and the cognizant 
MSFG p r a e c t  a y s t e m  off ice ,  that  basis exkspsrrforvfirac;eedihg t o  the '.next 1 ', 
rnlrlest;on(r;; -Tn fh8 - i n i t i a l  stages of system'deskgn cafiCepti~n, theS.design 
review s h a l l  review the proposed configuration with respect fa  the 
r e l i a b i l i t y  s f  i t s  major assmblkes and components. Surveys sha l l  be 
conducted of di f fe ren t  types af assemblies t o  determine t h e i r  relative 
merits d i t h  regard to  performnce, weight, relieibf Pity, .  cost eec,. Retiam 
b i l i t y  design review s h a l l  be csnsidescjd as an essen t ia l  a c t i v i t y  af .the 
r e l i a b i l i t y  program. It; shall. _nat be considered as i$ duglieation of the  
e f f o r t  crf the design engineer. The design review bwrd  s h a l l  evaluate 
the  performance objectives with the techniqves of r e l i a b i l i t y  design 

,rqvtew, perfamed independently of the  o r i g i m l  designer, insardcex to 
-sure a aaore e f f e ~ t i t e  systim design. 

5.2 SYSTEM DESIGN ANALYSIS 

The contractor 's  design analysis group sha l l  sonduct detai led 
analysis of the  vehicle a r  stage system csnfiguration. Analytical s tudies  
e h 1 1  be made t o  determine whether redundancy concept~ ,have  been cm-  
s idered,  ConsLderatbon s h a l l  be given t o  the  use of items at  deratad out- 
sputa, the  eetlrbliahalent a£ safety  fac tors  i n  m t g b m l  ewes, and the  use 
af gartetllai?l s y s t w  where gcrssible. 

S.2,1 System design analysis  aha l l  be conducted t o  inaure tha t  the 
design i s  suffllciently f lex ib le  t o  accongmodate l a t e r  anodificatjlans tha t  may 
,be  required t o  increase the system design r e l i a b i l i t y .  The analysis sha l l  
also insure that modified designs o r  a l t e rna t e  items purposed a r e  avai l -  
ab l e  as back-up i n  the event of d i f f i c u l t i e s  i n  the program. 

9,2+2 Where zrew designs are purposed f a r  use, t he  d.esign.aattlflis 
e h a l l  ascer ta in  t h a t - t h e  recommended new items a r e  ~ igxr i f ican t ly  be t t e r  
than the previous i t a s  usad i n  the  system. New designs,. er deaiga chaa~eer, 
s h a l l  be reviewed ta see tha t  the wdea of f a i l u r e  MVE! beerr eliminated 
by cunsponent o r  port IPodificatiaa or elimination, 

5.2.3 Potent ia l  f a i l u re  modes,introduced by design changes sha%l be 
eratimated by design analysis  and jazdglmiaht. The coa~racke r*s  r e l i a b i l i t y  



engineering group shall evaluate all design changes. The design analysis 
shall also be coordinated with human engineering consultants in order to 
ascertain that the design takes into account human factors, ease of 
operation, and maintenance. 

5.3 DESIGN ANALYSIS GROUP 

Design analysis by reliability engineering, human engineering, 
manufacturing, quality control, value analysis specialists, and safety 
spec'alists shall be conducted during the period where the design concept, 
value, and safety is being formulated, and prior to the formal design 
review. These specialty groups and departments will evaluate the design 
data from their various points of view, discuss problem areas with the 
design group, obtain additional data when necessary, and pcepare their 
questions, recommendations, objections or approval for presentation at 
the design review board meetings. 

5.4 DESIGN REVIEW BOARD 

The contractor shall set up a design review board, with the relia- 
bility manager as chairman, and consisting of the following suggested 
personnel, each with action authority, and with additional specialists 
or consultants as circumstances may dictate: 

a. Reliability manager - including reliability engineering 
specialists. 

b. Personnel responsible for the design being reviewed; 
design engineers, design supervision and the design manageror chief, 

c. Systems engineering manager, human factors engineers and 
the system test engineering manager. 

d. Quality control manager. 

e .  Manufacturing and production specialists. 

f. Logistics manager. 

g. Purchasing representatives. 

h. Manufacturing and praductionr engineering supervision. 

5.4.1 Design review board members shall participate in all design 
review meetings artanged by the design review board chairman. They shall 
review all aspects of design, including effect on cost and schedule, and 
identify problem areas affecting quality, manufacturing, operations, 
maintenance, man-machine integration, and reliability. The design review 
board shall define required actions to resolve the problem areas identified. 
In all cases, design review board approval of the design shall be required. 
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5.4.2 The design review sha l l  be conducted by contractor personnel 
whs w i l l  sg&c8raEizs i n  design. fetliews. The design review@ @bal l  pravi.de a 
measaspof assuring tha t  adequate consideration has been given t o  r e l i a b i l i t y  
dufing trhe ear ly  design. Zn order to have an effect ive reLiabLlOty 
review program, the contractor sha l l  prepare wr i t ten  psliey proaedrmres 
requirtrig design analysis and reviews sa be held. Written design guides 
far the  designer s h a l l  be prepared which tell.  haw ta design r e l i ab l e  equip- 
=& add 8y~t%?M. 

5.4.3 ghe d e ~ i g n  review chaimtln shaal be resrpsnsible for atranging 
metlleilrgs of the design review 'board. He, sha l l  a l so  es tabl ish and distribullta 
the  meeting agenda, including material  apprlogriaace t o  the  aggliaablt; slac;rfgm 
review stage,  for  the design being reviewed. Re s h a l l  conduct daeiw %@view 
board meetings i n  an expeditious manner and prepare arld d i s t r i bu te  minutes 
sf design review board meetings, The design review board charirntan shall 
prepare board decision reports for  submittal t o  program mnargement r e l a t i ve  
t o  redirect ion of the program; corrective act ion required, e te .  The 
t e l i a b i l i k y  manager sha l l  be responsible f a r  fallow-up on a nBnrC I~NI 
and s h a l l  prepare alld submit reports t o  the chisf engialeer and top,wnage- 
ment r e f l ec t ing  the  correct ive aetbern takea or rasanis f o r  na cactfm. 

Xn arder  that the r e s p n s i b l e  design engixheers loaf =%Ice a p t  use 
a5 Lkelr tLme ,  and to  a v ~ i d  dugliezste a p b a m t i o a  ta varlouia s t a f f  specidl- 
f r t a ,  a ~ s a r i a , o f  fslranal design review meetings s h a l l  Be scheduled. A l l  
Anterest& groups o r  individuals rtrf the  design review naeeting shall. be 
no t i f ied  a t  Beast two weeks i n  advance of the mee%fng date,  i n  order tha t  
aftendees m y  come prepared t a  effect ively diseuse the design concept or 
agpljicatian, Tma r e l i a b i l i t y  engineering group wrk ing  under the  dibect iaa  
of the  r e l i h b i l i t y  manager sha l l  es tabl ish a 12st o f  the dasignsl t o  be 
reviewed. The r e l i a b i l i t y  grmp s h a l l  eaordinate with the depxtmarts,coa- 
cemed to detennins.cornplet%con s t a tu s  of design nraterial. required f o r  
evalwtli&n b-y the  design review board. 

5.$,1 Res~s;oaaSbls dswrtments shall PPIQ?-MF~ the cldeatled i n f o m t i w  
appraprie%t;e ta the applicable design review stage. Suff ic ient  cepges go all 
design review board members s h a l l  be submitted t o  the dektign review board 
cherfmn within one week befare the  board convenes, Pereaaanel responsible 
fo r  auch i n f o w t i o n  s h a l l  be prepared t o  make ora l  presentations t o  the  
convened board and t o  answer re la ted questions, 

<,5 .2  Design reviews s h a l l  be scheduled and conducted i n  three 
sequential  stages,  preliminary design review, majar design review, and 
applicatidn apgroval,or fina1,design.review. When necessary, special  design 
reviews s h a l l  be scheduled by the design review baerd chairman. 



5.6 F=L%MHM'IPY DESXGH REVIEW 

The preliminary design review shall be a broad evaluation of the 
design approach and techniques that will be used in the design, It shall 
be scheduled as soon after inception of design as is Seasible using pre- 
liminary data and critB~ia.~ The purpose of the preliminary review shall 
be to evaluate and approve the design approach, determine potential pro- 
blem areas, and provide a basis for further design reviews. 

5.6.1 The data required for the preliminary design reviews shall 
consist of; schemaric Payouts or charts of the system or equipment being 
reviewed, environmental and performance criteria, preliminary mission 
failure mode analysis, system reliability mathematical apportionment 
(including the major system elements), principles of operation and maintain- 
ability criteria. Also, consideration shall be given to the methods of 
mechanical packaging, maintenance and check-out provisions, and humafi 
enginkering factors. The design review board shall objectively evaluate 
the decisions as to what methods and techniques will be used. Close con- 
sideratidn shall be.given to determine that the design philosophy is com- 
patible with the manufacturing and.:toaling fakilities that will be avail- 
able at the time productiaa is scheduled. 

5 . 6 . 2  The design engineer shall be the final authority with regard 
to ultimate design decisions. The final decisions regarding the approaches 
and techniques that will be used in the design, for this particular review, 
shall be closely coordinated with the design group leader, The validity 
of the design approach shall insure maximum reliability determination. 
Corrective action, further study, or additional considerations, shall be 
indicated when the design approach does not indicate potential achieve- 
ment of reliability goals. 

5.7 MAJOR DESIGN REVIEW 

The. major design review shall be conducted prior to production design 
release. This review shall include an evaluation of engineering test 
results,'an evaluation of manufacturing plans covering fabrication and 
quality requirements, and will ascertain that all design changes required 
have been incorporated, prior to the production release of fhe design. 
This design review shall also serve the purpose of introducing the design 
to the manufacturing and pruduction specialists, In addition, A detailed 
evaluation shall be made of all aspects of the design, including handling, 
packaging, &ad in8 ttll latian requirements. Cons ideration shall be given t a  
insure complete compatiblility with the ground support equipment and the 
atage interface requirements. 

5.7.1 Duri#g the majar design. review, the following items OF data 
shall be camfully examined: 



a, 8gecificetians - accurately dercrgbing and outlining the 
derign criteria, and datkiled layout8 defining physierl intarfacer m d  
eharaeteriscic@. 

b, Detailed Analysis accurately autlining and daeeribing 
functbaa af parameters and tolerances, 

c. Mathematical apportionment and prediction reports aoveg- 
ing &quipenc?nt reliability and a statement of the e~viraments e~pecked, 

d, Completed check lists in a11 areas, 

e, Failure mode and human engineering analyses. 

f. Tpst operatians and maintenance plans for the equipment 
during development, manufacturing, and operations. 

g. Completed quality implementation plans. 

h. Component and part selection and application review 
reports - to determine that high quality reliable components are being 
employed and that the components and parts are bking applied well within 
their rat leg, 

5,7.2 Reviews shall also be made in the critical circuit areas to 
determine that factors such as ambient environment, component and part 
-operating requirements, and expected life are taken into consideration 
when aerating the components,ar parts. 

9.8 APPLGCATION APPROVAL DESIGN aEBIEW 

The application approval, or final, design review shall be conducted 
prior to launch approval, utilizing test and analyses data generated during 
the-Qonbidence Development Test Program. This review shall stress preventive 
action review, hardware evaluation, and provide s detailed reliability 
analysis assessment, It alsd provides final and conclusive acceptance of 
the design, dnd recards reflecting the results of tests, quality, manu- 
facturiag, and logistic operations cond6cted to assure a reliable appli- 
a=tati~n in the contracted program. The items and data required for the 
applicatiaa approval design reviews shall consist ~ f :  

I 

a., ~aq<&ted layr,utar, drawings, and details ,a$ determined by the 
reliability design review board, 

b. Completed check lists in all qreas and the avaluafisn of the 
-1eted testt specifd$atioris atld te8t data, 

c. Csmpleted tooling, manufacturing, and Mnqling plans and 
reevlting data. 
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d. Completed quality implementaGion plans and resulting data. 

a, All pertinent component and system specifications. 
I 

f. Failure mode and effect analysis reports. 

g. Mathematical predictions and production reports - including 
completed detailed reliability analysis and assessment reporte. 

h.  Campleted procurement specificat$orls and maintenance plane, 

i.  System integratisn elrd hmn,ewiaaering. s~aarlysea, 

Special design reviews shall be conducted at the request of the 
deeign review board members to evaluate changes, prclblsm ardes.resultitag 
from tests or usage dats,.ar as a result of the procuring agencyt# requeet, 
Special design reviews.may alga be cbpducted to review the contractarts, 
or his suppliers, designs. nut included in the regular faanal design review 
schedules; changes in design or design application; quality, manufacturiag, 
test or operations problems affecting design; and other stage or assocdated 
contractor interface designs. Special design reviews will be devoted to a 
single facet of the design rather than an overall evaluation. Written 
justification shall be required to substantiate special design review 
recommendations. These special design reviews are in sddttion to the 
normally programmed reviews and shall not replace or supersede them, 

3.10 D~~ REV1"EW CONTROLS 

Design evttkuation. and reliability desndnstrliltion of components,,ar 
assemblies, shall be completed prior to approval for beginning the system's 
t&&$tflr$. Prsliafgary design reviews shall be completed prior to conducting 
major design reviews. The design review board may approve the final design 
a~~submitted, require correction of problem areas before approval, is 
granted, or refuse approval and reschedule another design review. The need 
fur resolution of problem areas or for refusing approval of design shall 
be based on substantiating, objective documentation. The design review 
program shall be outlined in the contractor's reliability program plan 
indicating the control methods as well as the review techniques and pro- 
cedures. 

5.10,l Standard relcability review for- shall be used in order to 
facilitate reliability control. Theae forms shall include parts list, 
parts giaplication and data sheets, stress analysis forms, parts control 
Xia r t * ,  a d ,  physical ewnluat ien check lfs ts. Particular eqhasis ahall 
be given ta reliability cantrpl activities and to caatintxOus monitoring 
of reliability achievement. Reliability control activities:sh&ll consist 
essentially of final reviews of equipment designs; $eliability surveillance 



af engineering testing sf parts, asawblies, and major components; in@ 
se@tiga&ksa of early failure prablem; and coLlZectfng and amlpzing a11 
pertinwk f~iltare an4 operattag-ti data. 

5.10.2 Problem which the reliability desigrr review board cannot 
rasalva shall be referred to the chief engineer or top mtanizgement. 3Cn 
these instances, the revtew board chairman shall provide all of the 
neessaaty data, including clear definitions of the problem ereae, 'Phs 
chief eagineer shall take such slotion a d  neeesrsary es reecrslve tha problem 
and reschedule the desig~ for  review and app~ovab by the review board, 
fn mlf instances, final authority rests with the chief engitleer, Design 
approval m y  be withheld far lack of sufficient data ta evaluate the design, 
interface problams, mreriah cansiderstfan, etc. A review must be shhedwlo 
sd t o  eovez areas 09 impratmnt requbaed, 

The design review shall be properly carried out in order to provide 
assurance that adequate cansiderations have been given to reliability 
ddx9ag the early design. 'khs design review procedures shall be a con* 
tdmuhng m e  and lice impartance in the development phase erhall be emphasized. 
Check, .lilats and farms shall be used which questian ox establish the 
@xB~tende sf the mare impartant environmental prediction and dynamic design 
freslturas; the details of packaging and its influence on mechanical, thermal, 
and electrical strerases; workmanskip features; and wintainabflity feafures. 
A11 wjer design changes resultfng f r ~ m  reliability reviews shall have, 
been coxrsidered by the time the design is released Ear production. All 
critical component klnd part evaluations, mock up studies, and develogment- 
hardware environmental evaluations shall have been completed at this time 
and the results analyzed for their effect on desip changes. 

The contractorPs rellability engineering group shall establish the 
requirements for the design reviews and coordinate the preparation.of 
gracadures to atatline and accurately describe the methqda and resgonsli-. 
bilities,ab the review participants, The ral&abilityrgrobp shall also: 

a. Goordirtate the establishment of positive schedqle dates for all 
deeign reviews and direct their' accomplishment w , 

b. Ftawre .reports and xecomendstions for the program VmgemerLt 
pxadictd. ugsaa 6 s  igkrt revletasr. 

c.  Rrepare and dirrseminate.a design review prog~~rn~~~mwne.nt 
descrtbing-the criteria and dscumentatian yaquired for( a'abh*delign..retiev. 
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d .  Coardinate the development of chpdk lists covering all facets 
.of the review with the orgarlrfaatians re~gon~ible for the speaific input 
.ar furbktian, 

6'. Coardinage with 'the design review group in analyzipg failure 
rao8e.a .of each system, and aseure that design action ie taken to provide 
$he m a s  to slimFnate.aL1 critical failtrye modes w i t t i  respect tcs,systeni 
oalUbilityJ QT ,crew safety, 

Eaoh engineering design change shall .be! reviewed and .s.aaly%ed by the 
r e l b b i l i t p  enginear far affects on reliability priar to release. Relia- 
&&Ei$y engLtreering approval shall be required of each changed document to 
assure that this. analysis ,has been, accomplished. If the change fa auch 
as to warrant a formal, design review, 4 t  shall. be the responsfblity of 
the.reliabFlity engineer to arrange for such action before approving 
the release, 

The'results of each design review shall. be doeurnentad %n a separate 
report. This.report shall contain design review data, inclyding review 
board conclusions and/or recommendations, and shall Ipa made avaibble 

.dpr reliability review conferences. Design review reports shall also 
'be made erv4ilabl.e to the cognizant MSW proje~t 8 ~ $ b m S  office or its 
.designcated representatives upon request. The chairman cf the desi$n 
review hard shall be responsible fer.the preparation of these reports 
can8 for documenting a11 design review board activities. These reports 
shall be subaitted also to the contractor's chief engineer or top man- 
ageanent ,&d wRl.1 sumariae the data, submitted ta the board for design 
review. ,,!'2hese report8 shall reglect Board dispositions, corrective 
-act ion , and Board- ,erpprwals, 
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The pzfiae eontractor shall conduct failure mode and effect analy~ia 
oiti all conmganents, subsystems, systems, stage system, vehicle $y#t@m, 
ground supp~rt equipment, and element& thereof. These analyses s&&fl be 
generated and up-dated by engineers of the reliability organization as 
aids to the design organizatioq. They shall provide designers with infor- 
mation which identifies effects of all possible failures of a given design 
without regard for probabilities. 

$he prime contractor's,reliabiP.ity engineering organization shall ' 

be respasible for d'eveloping and maintaining reliability methods and 
techniques to be applied in the failure mode and effect analysis program. 
m i s  group shall coordinate with the design review group in analyzing 
failure modes of each system, and assuring that design action is taken 
to provide the means to eliminate all critical failure modes wlth respect 
to system reliability, or crew safety. The reliability group shall pre- 
pare and maintain an environmental design criteria document based on the 
environmental criteria established by the responsible organizations, 
inclusive of adequate design margins, to assure inherent design relia- 
bility. These data will provide the requirements for both design and 
test sf all hardware and will be the basis of design review, reliability 
prediction, and reliability assessment. The group responsible for con- 
ditcting failure m$de and effect analysis for reliability shall also2 

a. Establish the failure reporting requirements for the reliability 
program and coordinate the implementation of these requirements with the 
participating contractor organizations and the c~gnizant MSFC project 
system off ice, 

b. Analyze each reported failure and determine the extent of future 
preventive action. Coordinate with the applicable organization and 
sgpriae them of the latest actions to prevent failure recurrences. 

c. Provide reliability liqisqn for a11 tests, fabf"lcation, and 
supplier 9 i c t X v i k i ; C ~  required to maintain edequat e failure analysis and 
reporting , 

d ,  Coordinate with manufacturing and quality control to assure 
implementation of the reliability aspects of the in-house failure report- 
ing system and to determine their compatibility with reliability assess- 
ment requirements. 



6.3 FAX LUm MODE ANALYSIS 

The failure made analysis shall consist of a detailed analysis. of 
the vehicle or stage system, system, subsystem, component, and grciund 
support equipment design and operations. The failure mode analysis shall 
identify,potential failure causes and failure modes, The result of 
failure referenced to performance and satety shall be analyzed as well as 
the effect of failure on mission success and operations, Failure modes 
shall be evaluated in tenas of probability of occurrence, event, time, 
and criticality. The derailed analysis ahall also provide for failure 
detection methods as pertaining to the OSE design and operation, or in 
reference to the abort-sensing system de~ign end operation. 

6.3.1 Prediction analysis techniques shall be used with the failure 
mode analysis to provide feed-back to the mathematical apportionment and 
prediction models and shall consist of both the relieb'tlity and design 
conside~ations, Included in the design area shall be system and qubsystem 
functional operations, utilization of failed-safe or redundancy, and 
establishment of parameters for time, stress, and environment. Parts and 
component selection, and prediction analysis shall be included in the 
failure mode analysis. 

6.3.2 The failure mode analysis shall examine the potential failures 
before they actually occur,,and determine all failure modes and their 
effects. The analysis shall serve the purpose of also determining system 
failure interactions and coordinate ~ystema, provide abort sensing and 
checkout criteria, support design in the design review, and provide relia- 
bility recommendations early in the development program. 

6 .4  FATWlaE EFFECT ANALYSIS 

The failure effect analysis shall describe how the equipment in the 
launch vehicle or stage system:can fail, and the resulting effects of this 
failure on the stage system, ar the vehicle mission, The objective of 
this analysis shall be to identify and remove all first order Eailure 
modes from the dynamic components 6f all syatems, regardless of the 
dccurrance probability, thus raising the inherent reliability. It shall 
alsa be the objective of this particular analysis to reduce all critical 
failure modea to a third order, 

6.5 FAXLURE MODE AND'EFFECT ANALYSfS FORMAT 

I The format uaed for listing the failure mode and failure effects 
ahalysis,and the manners in whSch.somponents of a system can fail shall 
be included in the reliability program plan. The format shall list the 
system phase, the component or i w m  in the system being amlyzed, all 
failure m d e s  identif fed, and the failure effect on system, other systems, 
or the mission. 



6 . 6  FAZLW MmE AND' EFFECT MALYSSG REPORTS 

The prime contractor ' s  r e l i a b i l i t y  engineering group s h a l l  prepare 
the  f a i l u r e  mode and e f f ec t  analysis reports t o  be used . i n  the r e l i a b i l i t y  
desiigm taviews, These reports  sha l l  be submitted foe integrat ion with 
the  applicable system design reports.  

6,G.l A f a i l u r e  mode and e f f ec t  analysis report  s h a l l  be prapered 
f o r  each of the  launch vehicle or s tage sys t em qnd the  i d i v i d u a l  s y e t m ,  
subagstmtf, and components. This report s h a l l  begin during, the  design 
phase and s h a l l  present earnination of the modes and e f f ec t s  of system: 
and component f a i l u r e s  during various phases of the launch vahPcle o r  
s tage  &iss  ion. 

6.6.2 A c r i t i c a l  ground support equipment fd i l u r e  mode and e f f ec t  
analysis  report  s h a l l  be p r a ~ r e d  and maintained during the  design phase. 
This report  w i l l  present the  modes and e f fec t s  af mechanical, eleutro- 
mecbnieal ,  and e lectronic  equipment f a i l u r e s ,  and 8b11 form the  basis  
for e s t ab l i shwn t  s f  spec ia l  sa fe ty  features fo r  c r i t i c a l  ground support 
equfpglent. 

6.6.3 537stem deslgn reports s h a l l  be prepared by the contractor ' s  
z e l l a b i l i t y  engineering gmug lEor a l l  applicable system designs, The 
repart. s b l l  include f a i l u r e  mode and e f f ec t  sncllps&s of fhe:system, 
f a i l u r e  cause analysis,  and design review check l i s t s .  

The prime contractor ' s  r e l i a b i l i t y  group s h a l l  conduct a f a f lu r e  
q u s e  ana lys i s  f o r  the  parrpose of obtatning a high r e l i a b i l i t y  standard 
through pre-hardware evaluation of potent ia l  causes of f a i l u r e  modes. 
The f a i l u r e  nodes ,whi~h were iden t i f i ed  i n  the  f a i l u r e  mode and e f f ec t  
analysis f o r  each component i n  a system aha l l  be examined fo r  po ten t ia l  
f a i l u r e  causes and f a r  reasons why the  causes should n s t  occur. As  a 
r e su l t  & these examinations, preventive actions s h a l l  be recornended 
where apgrapriate.  '6he f a i l u r e  cause analysis s h a l l  a l s o  iden t i fy  t h e  
potenthi-weakseesee i n  the  design and determine why the weakneslree should 
be el imimted.  

6.7.1 The f a i l u r e  cause analysis fo rsa t  @hal l  include a l i s t i n g  of 
the f a f lu r e  mode, the  po ten t ia l  f a i l u r e  causes,,prevention evaluatfoa, and 
the  p x o ~ b s i l i t y  fac tor  expressed a s  a probabil i ty of fa i lu re .  

6.7.2 A f a i l u r e  muse  analysis  report ghebl be prepared fo r  each of 
the .  ,Iaur\cb vehicle  gr stage sytr tern and the  a s s ~ c  ia ted ground support 
equipmat. This report  a h a l l  be included in the ayateen design rep4rt  and 
~%L$Ib-pre8ent the j i ~ a t e n t u l  cauae a t  causes of a m p ~ n e h t  and system f a i l u r e  
modacl,end the  effor te ' , taken t o  redqce, .ar  eliminsats, the  f a i l u r e  pt91E1#iall 



6.8 C'BITHCALTTY W R E N G  

1 The prime contractor shall rank the equipment ola componeats of 
I airborne systems and ground support equipmat eystms according to the 
I failure ebfect in order to Odeatify the hardware for criticality ranking, 

CrLtYcality categories shall be used as a criteiria for automatic checkout 
and manitortng frequency, A criticality table shall be generated for all 
airborne and grourrd support equlpqent systems to be used in establishing 
equipment checkout requirements, 

6-19 . f ENCY BETEC'IPTONsSYSTm 

The failure mode and effect analysis shall be used to classify all 
mis$ion failures as either deferred, critical, or cata%txopRic, depending 
upon the time between che failure event and a subsequent crew hazard. 
~~e.~~entifP~wtrLans shall be the fundamental criteria for selecting 
parametricrmonitoring of the launch vehicle or stage system emergency 
detection,system. The reliabilkty group shell provide an emergency dew 
tection, syrstem earaluertion list fqr use by the responsible contracbor's 
de8ign groups. Thig list will be revised periodically to refEect the 
latest configurations. 

6.10 RELWBILTTY DES XGN GUIDE 

:The contractor's ralfability engineering group shall prepare and 
malnta$n a reliabiltty electro-mechanical strees analysis manual, to be 
used by the design groups, as guides for equipment reliability, This 
manual shall contain failure data and procedures for its use. Also, the 
rqliability engineering group, in coordination with the design groups, 
shall-prepare stress analysis reports for the airborne syafems and the 
assocuted ground support equipment. 

6.10.3 A n  airborne systems electronic stresa analysis report shall 
,be prepared and naintained during khe design phase, This report shall 
ac@@Qle the failure potential of adectronfc equipment and provide sugges* 
tioner to elirmtnafe the fsilure potent;lal; euch as use of different com- 
ponents, broader derating facltors,,or environmental protection. The pur- 

+ m e  of the reportr,shal'l be t o  aesurg that the equipment inherent relia- 
,b%lity will be sqati'stieally acceptable to man-rating standards. 

6.1Q,2 A reliability stresa analysis report, for ground support 
equip&ent, shall be prepared and maintained during the design phase. This 
report shall examine the failure potential of electrical, eiectronic, and 
electrs-mechanical equipment and will prov%de suggestions to eliminate 
failure potentials. The purpose of this report s3all be tct assure that 
the equipment will meet or exqeed the minimumillTBF rsquisemoents listed 
in the gsoupd support equipment model spec9fPcations. 



The canfidance develcspnt teat program sMZ2 bc $Iesltgt%@cl t o  reveal 
all &i9&eaar 0% wea'kuaees early in the prograna and p~ovidsrr ears p r a p t  , 
cer~@~&&re action at a reasonable cast . Breadbdakd k$8kitrg &itid & ~ & l y @ i ~  
sh&%$ be caneidere$ in order to deternine how eEf@ctively th& Qeefgn ha8 
baen ~ ~ ~ g f a d  &it. The teet  p%oghanl shall inclade all tsstiag proposed 
far eke vehicl~ 6s stage Bystem deueIopnit3ntr4 Great: care shall be taken 
to use the pertinent test data, make the correct interpretation of the 
results, and apply the moat appropriate statistical methods for reliability 
estimation. The contractor's reliability group shall review all test 
glans and schedules to determine whether environmental effects and pro- 
duction-process corrsiderratLan are Lnc~rporatad sufficiently early in the 
program. 

7.2 QUALIFICATION M D  aUELUBPICXC'JI WSTI%G CBITERU 

The grime eontractox shall provide a test program planned in euffi~ 
cia& detail to fully qualify and evaluate all systsw, suysystem and 
eqiP;h$rxaent prior to prduction in qtaanttty. The reliability ~ ~ r & m , a b & l P  
hc lude  mans.of auditing and monitoring the test progxam. 

7.2-1 Time schedules shall be set for the preparation of writfen 
prodedures and the starting of the test pragram. Test procedures ehall 
be distributed in advance of the start' of tests, and all testing ehall 
be time-phased to insure completion before initial producltion. 

7.2.2 Sub-ccmtractor and supplier facilities shall be surveyed in 
order to evalwtte their capability and availability for conducting teats, 
'Elhe approved facilities shall be s a b l e d  so gs not ta hinder the pro- 
gress of the overall teet program. 

The prime contractar% reliability engineering group.shal1 establish 
and maintain a Covfidence Development Test Program to inFegrate all levels 
of testing, and determine the required testing for each sysfam, componbnt 
or wodule that is considered significant to the system reliability. 'This 
group ehall prepare a l l  test regufremenf data for procurement specifica~ 
tions,and approve specifications for adequacy of testing, based on the 
integrated test plan. Reliability engineers shal l  coordinate with the 
design enginesr:'duriarg preparation of 8gacllficatiunsr and provide inputs 
and r e c ~ d a t i a n g  concurrently with specification development, 

i' 



7.3.1 The reliability engineering groug shall approve all in-house 
and supplier best-procedures to assure confosmgace with reliability 
requirments,and to assure develapment of data that is acceptable for 
reliability assessment, This group shall also coordinate the integration 
a£ the Confidence Development Test  Program with the General Test Plan. 
The contractor" reliability group shall review and approve the General 
Test Plan prior to release. 

7.3.2 The reliability group shsll ooordinate with the test opera- 
tions organization to assure that the Battleship stage, All-Systems, 
static firing, and vehicle acceptance test data are compatible with relia- 
.bPlity assessment requirements, This group shall coordinate the genera- 
tion, development, and transmisekon af reliability test data from all 
cont~acter areas to implement reliability asaesemedt. 

7.. 3,3  The grsilge contractozSs reliability engineering group shall 
awlyze each reported test failure and determine the efttent sf future 
preventive action. 

ZNG AND ANALYSIS 

Test plans and test schedules ahall be reviewed early in the develop- 
ment program to insure that a balanced and integrated test pikopam has 
been egtablished. Non-destructive test methods shall be investigated, 
and failure analyses shall be conducted to see whqther the teat methods 
are pertinent and sufficient far assurance of reliability, Consideration 
ahall be given to effective testing methods so that the true behavi~r of 
the equipment will be established. 

7,4.1 The contractor's reliability engineering group shall prepare 
reliability test pkans described in detail i n  the cs'ntractor ' s '7General 
Test Planu. Reliability test plans shsll be submitted to the cognizant 
MSFC prajsct systems office or its.designated representative for approval. 

7.4.2 Detailed test procedures shall be prepared by the contractor. 
Reli&bililty test procedures &all be submitted to the ocrgnisant H$l?b=,gr~- 
jet systenm office, the MSFC dernign d$v?ilbn@ wncexned, a d  to the WPC ' 

,reliability representative located a t  the contractor" plant, Reliability ' 
k s t  procedures shall be subject to review. 

7.5 PART AND ,COMPQMENT AFFLTCATXQN, m E W  WND STANDARDIZATION 
I 

The cathtrtrctor ahall eotablish and maintain a parts and cornpatient 
a p p l i a t i o n ,  review, and rsmddasrdiaatian jgaragram, in order to encourage 
the age of reputable Wrts and properly aaaluate thaw new iteum,whi& 
my be included ia thed vehicle ror stags s y s t w .  %a amliatibn dsr;&at 
#hall be used to assign a failure sate ts each part 91: campmaeat. These 
failure rates shall be used llaa predictink the reliability cf the cmpleta 
sy8t- or equipuent. 



'4,g.l A & o m 1  agpliatbn revlaw slteall be cendactad when the 
syota deigns or cim~its are apprax-tely 90% c~mplete. Clont$mms 
csga$&ct sbS1 be mirltained between the prrrgs and mmgonent sgeaierliete 
arad khlg circuit ar system engineersi The reliability gwgr sltPsl1 pze- 
gage.& lilt bf resomended pazttj and compnents ta  be us& in krcaadbwrd 
and pzototype design and development. Requirements for an ef f eetive 
pxagrm shall be: 

a. A parts and component agplicat ian group ,werki.ng in clocna 
ha with engineering, purchasing , and quality control, 

used prtr , sad  components. 

c. A sign-off, by the contractort$ atliability and quality 
aasuranoe speciglists, shall be required gn all part and component con- 
trol drawings. 

d. The contractor's quality assurance and reliibility group 
shall act as consultants to the design groups 'concerning the application 
of parts components. 

7.5 .2  Analysis shall be prepared on all parts and components that 
fail and corrective action shall be taken contingent on the failure 
relparts from laboratory or field use, Data obtained from field and 
labragaq f ests shall be cwrdinated with the parts and cotuporlent manu- 
facturers,so that they may improve the product reliability, These reports 
shall sltso be submitted t o  the cognizant MSFC project system office or 
its designated representative for review. 

7.6 RESEARCH AND DEVEEOPMENT TEST DATA 

BerEortmszce teat data-of early designs shall be reviewed and eval- 
urrt&.C@ deternine adequacy ~f the designed system's operation at the 
mr8itjhcipt& e.nvirammts. 3Cn addgtian to the telat data fram<earl$.er 
testing FroliJrm, such are tests an basic materials, partsl, and components, 
the early tsngmetering tests on initial designs shall be reviewed and 
c~wlyaed. 

7.6.1 Adequate performance and qualification testing shall be 
accomplished prior to release of hardware designs to production. Kelia- 
bilit~ 'analyses shall determine the critical parts, components, and 
spstem~, where these tests should be expanded, Test data and test 
results from these tests shall be evaluated by the reliability group in 
a~der tbt they may determine the inherent reliability of  the critical 
items. 



7.6.2 Engineering evaluation test data shall be analyzed for use 
in the mcrthearatical apportiomnt models. Test results shall be analyzed 
by the reliability group to make redesign or rework recamcndktkans in 
arder to increase the reliability level. Test results shall also be 
analyzed in ardex to identify major modes of failure and degredatiofi in 
performance caused by the environments, 

7.6.3 Breadboard testing data and results ahall be awfyzed by the 
relirb%.lify group to pravide detailed data for predicting the reliabE1Sty 
level attained; Breadboard test results shall also be evaluated to deter- 
mine the crttical or seniiitive.areas in a design and for establishing 
test mnitaring points.on prototype and production equipment. 

7. 7 FLIGHT HARDWARE TEST REQUIREMEmS '! ' 8 , J T 1 ' I ,  

Proper planning shall be initiated early in the design phase of the 
teet program to insure sufficient samples for reliability testing, Vibra- 
tion tegting af actual flight hardware shall be kept to ra minimuan, and 
then,,oaly when.properly justified and approv& in writing in accordance 
to the canditi@ns specified id the MSFC Reltability PbPicy Board Directive 
Be, 1. 

7.8 EXPERIMENTAL EVALUATION TESTS 

These tests shall be performed on breadboards, mock-ups, and first 
item3 pruduced. Test results shall be evaluated to verify fulfillment 
af the-basic parameter requirements, determine parameter limits and best 
design approach; resolve design difficulties affecting reliability, and 
to verify component and system parameter stabtlity. Test data and test 
results from these tests shall be analyzed to be used for hardware 
&election by comparison and for preliminary verification of parameter 
stability under stress conditiaris. 

7.9 APPSICATTON APPROVAL TESTS 

 licetio ti on approval tests, for R&D hardware, shall be planned and 
canducted to verify suitability of the design for i t$ ultimate use, apd 
lprovide the data required to demonstrate reliability at the required con- 
fidence level. Evaluation and trade-off studies of required number and 
Cost of test specimenb versus confidence shall be considered in the for- 
mulatian of detail test plans. To prevent unnecessary test costs, the 
regutred level of detailed testing will be considered by a careful 
evaluation of the,required confidence levels aa they relate to the corn- 
lpcFnent, major elament, spitem and stage, 

7.9.1 QwliffcCltian tests shall be perfumed prim to reliability 
test* and In accardance: ta the requimments.cr;f this ddcument idcludidg 
the raguirc3lpenta set farttz in the NASA Quality Publicatian RPC 200-2. 
The blpplicdltt@n lilpproval test skalllPeac~rrmbixratZua af design evaluati&n, 



or cjualif icatiafi tests , and reliability dmoas;r~ation tests. The gur- 
pase of these tests shall be to demonstrate thkough analysis and test 
thae the launch vehicle and ground support eqddpment hardware will per- 
farm the required function with a high degree Of reliabllSty, Evaluatian 
will be broad, and the envixonmental exposure shall be cronerideted, 

a.  Qualification te8tS shall be performed t o  demonstrate 
that the design is inherently capable o f  meeting the mtablished require* 
meat# under the various combination of service enviroments that m y  Ore 
applicable. Tha qualification test shall be conducted an a eample sFee 
apgvaoved by the MSFC, 

b. Requalification may be required when inspection, tests, 
or op4atrational data indicate the inadequacy of a qualified article ar 
when the design has been changed. Requalification shall be accomplished 
anly after necessary corrective action has been implemented, 

7.9.2 Reliability demonstration tests shall be: a continuation.oY 
the qualification tests to determine failure.points, giafety margins, and 
life expentancy under the environmental condi$ions required for -nu- 
facturing, system storage, transpartqtion, and operation. Reliability 
demonstration test results shall be analyzed $n order to provide data on 
failure modes end to indl~ate possible design improvemsnts. Reliability 
tests shall be conducted on a sample size as approved by the MSFC. The 
rsiiabflity test samples may also include those whiqh were used in the 
gvalificatfon tests, 

a. Reliability tast proposals shall be submitted for review 
aad approval prior to the start of testing, Pvoposals shall include test 
conditions, environmental conditions, hardware to be tested, instrumenta- 
tion,. special facilities , and time schedules. 

b. Failure and analysis of reliability dsatonstration tast 
reeulta shall be reported. Analysis shall be based rm ability to carre- 
late laboratory conditions with actual damage potential under field and 
induced environments, Results of test shall .have.naerximum dissimination 
amhg the cognizant contractor organizations, affecqed sub-contractors, 
W A ,  and other government agencies. 

c .  The contractor's reliability group shall take effective 
ataps to insure that corrective action is completed on the deficient 

by the cognizaht design and manufacturing ~rg&nizat$~ns, This 
sffgrt shall be ooordWatsd with the qualtcy organization. 

X* 
d 

7 , 9 , 3  System Test Plans shall be established under the contractorsa 
Confidence Development Test Program and designed td  cyaluate the appliba- 
tion af subsystems and ~yetemia selected for use. The, s p e w  teat progtam;' 
rill establla;rh rsliabil$t;y fsrcrsrs, safety maggins, ~ o n f  armancc4 to design 



crbtsrla, and infomatlon ncrcqs~taary to ekralaate system eofngatibiliey dnder 
apcrsltional coadlttions. System tests @hall be designed to locate signi- 
ficant failure modes, determine the effects 06 various stress levels, 
determine the effects of combination of stresse~ and drift of design 
parameters, and to determine the effeats of combinations and sequences of 
environments and of strosg levels, 

a. Z'he contractor shall conduct ~ystem evaluation in aecor- 
dance with the approveil system test procedures, The system shall be 
evaluated to dete~rnine the effects of natural and induced environments 
under c~nditions of storage, handling, transportation, and operation. 
Special emphasis shall be placed on reliability operation and human engi- 
neering problmems during the sys tern tests, 

b, System revaluation tests shall have a purpose of reval- 
uating changes to parts, materials, processes, or sources of supply as 
they may effect the relgability of systems or subsystem. They will be 
conduoted throughout the development program as they are required. 

7.9.4 Ultimate Stress Tests shqll be conducted while the specimens 
are exposed to selected environmental combinations. The selection sf the 
most critical envirovments ,will be based on the results from prior demon- 
stration testing, The test results shall provide data for determining 
wear out characteristics and obeeure failure modes. Gcsntinuous correlation 
of stress levels used in tests with those stress levels experienced in 
actual service shall provide assurance that the safety margins established 
have been obtained. 

3.9.5 $Vehicle or stage test data will be correlated with data 
obtakned from application approval testing an parts, components, and 
systems La order to provide the verlficatbon and assurance that C~nfidence 
Level No. 3 has been achieved. The stage program fram which the stage 
test data will be obtafned shall include strustual static testing, struc- 
tual dynamic testing, operation testing, battleship static firing, and 
nan,propulsive stage tests. 

7c10 OP@RATTONAL ASSURANCE TEST 

Operation assurance testing shall-be performed on production equip- 
ment prior to use in a flight vehicle, Acceptance, in-praceas, and stage 
checkout shall be the segments of testing which provide the daca to support 
the application approval results. Operatiqnal assurance tests include 
functional cycling under nominal emironmental stresses, combined sys tems 
tests,,and ultimate vehicle static firjng. The data from the operational 
assurance tests shall be analyzed in order to eontinuely evaluate com- 
ponent, system and stage reliability during all phases of testing of 
production flight eqvipment and to assure operational readiness of each 
flight vehicle prior to shipment. 



7 ,.L L APPRQVED PARTS, CO61PONERT§, . AND .SUBSYSTEM .LETS 

Approved parts, comp~nedts , and subsystem lid ts shall be indlvid- 
ually4grepared in loose leaf folder form ofl o format approved by the 
Marahall Space Flight Center. These lists shall contain documentation of 
all physical, functional, and envir~nmental.characteristics necesgary to 
describe each item. Certification (verified by the congractor's relia- 
bility engineering group)- sPnsZl-'Ei? incfaded t~ show that each item has 
met application approval requirements, at9 dictated for the usage of the 
item. A list of approved suppliers for each item shall also be included. 
The$& lists shall be submitted to the cognizant MSFC project system@ 
office and its designated representatived for review. 

7.12 QUAbcIFTCATION STATUS LXSTS 

The contractor shall prepare and maintain a list showing the planned 
and cohpleted qualif%@tion status of each part, Component, subsystem, 
syatein, and higher level b f  assembly. The Qualification Status list shall 
be coordinated wit51 the MSPC Quality Assurance Division and the MSFC Relia- 
bility Office. The requirements for preparing, maintaining, and submitting 
thidriist shall be in accordance to the requirements set forth in the NASA 
Q , ~ k Y t y  Publication NPC 200-2. 

This report ,&all indicat-6; the corrective and preventive action 
taken or in procdm :60 correct existing deficiencies and minimize or 
eliminate future ba%Tures, The report shall be reviewed to determine the 
adequacy of the corrective and preventive actions proposed or taken and 
shall summarize the rework of all affected articles at the contractor's 
facilities, at test sites, and at operating sites. The report shall be 
available to the cognizant MSFC project system office or its designated 
represenfaeivc at all times. 

7.14 RELXABSLXm PROCESS SPECIFICATIONS 

The ~ @ W i e ~ t o r ~ s  ireliability(engineering group shall prepare speci- 
fications o f  this eype as sugpPementary engineering instructions to 
establish and assure uniformity of manufacturing and test mechods. Relia- 
bility procadures that are essential to the fabrication and test of a 
product shall a l s ~  be,prepared. 

7.15 RF&EPLIIILXTY TEST TRAINTNG MAMUAL 

A reliability test training manual shall be prepart@ t a  provide the 
neceesary explanatory information to familiarize the tee$ 'wgineer with 
the objectives, description, implementation, and the intpnd$&.result of 
the Confidence Development Test Program as i& relaces to relfahiltty. 

' 1  
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In addition to the test descriptions for each environment, a brief summary 
of che general envfronmental requirements and design modules shall be pro- 
vided to furnish the background needed to under~tand the teli~bility t es t8  
deecribed, Tkke document shall be used afang with the Gaaeral fast Plan 
and the Pre-Test Analysis report as a basis fot prepartng the reliability 
te#t requirements in procurement specificatian~~ 

7.21 STAa'ISfXCAL. S Y S ?  TESTS - P W N G  AND AMALYSIS 

$ p t e m  &else plans shall 'be evaluated to detemnina that the met 
efficfdnt.: ,st&ti8tic?al methods are ueed, that; tha best tiriteria are. valid,  

, BIlasl h h t ,  sample sizes &re @uitabLe for the requirementg of the program. 
Ths coutractar% seliirbllitg engineering grmp shall msider  the uae of 
competent seaatistical tecshni<ues to obtain system reliability est'knatkd 
with confidence limits, for teet planning, and data analysis. Statistteal 
analysis shall, be mns -idesed to reduce the component test sample size, 
prevent waeteful testing and afsa possible misinterpretation of design or 
t e s t  infonmatiori. statihtical experimentation shall be performed to 
provide estimates of functional and evniromental effects and variations 
in component's behavior from both sepdrate and withiin system tests. 



The grime contractor" reliability group shall makes aptfmua ure of. 
&ti$ data irr the stari~ria3al and, mabhemestical aet&v$ties that are under- 
taken, The Bats @hall be amlyaad to see whether they follow any useful 
mathemtidl pattern, Mathemtical analyaes shall. be used t a  obtain 
reliability estimates, establish growth curves, and to audit the program 
at specific phases of developmienf. Reliability mathematical apportion- 
ment, prediction, and assessment ahall Be used with the design reviews 
and failure mode and effect analysea for estbbliehing the system relia- 
bility with confidence. 

The prime confractoriq reliability engineering group shall analyze 
the stage system and sub-systems in order to establish apportioned relia- 
bility goals to the component level. This group shall also evaluate the 
system designs prior to release of engineering data in order to determine 
the predicted reliability, Also, the contractor's reliability group 
shall: 

a, Conduct studies to validate specified reliability requirements, 
establish pre-planned assessment control paints; and improve reliability 
&@*ref ts,-preflictians, and assessment methacis. 

b,  Cesrdiwte with tt)e BSFC reliability ~epm8enmtive ts assure 
that methods and procedures utilized to predict and assess the achteved 
selialsLLity are acceptable to all wrtbciptiag argsnhzatiosns. 

c .  Coordinate with participating contractor" design erganli9etiw 
concerning the apportioned reliitbility gaaks and predicted ~elbbility , 
design values. Design revision shall be rec~~gmended ss required to 
eliminate system weaknesses and to upgrade reliability, 

8 . 3  APPORTIOGJMEN'E MODEL 

The contractor's reliability engineering group shall develop a relia- 
bility mathematical model to apportion, or aPloaLte, the stage system 
inhereat relhbility goal requirements into subsystems and componentc 
g c ~ l s .  The apgortionment reliability valuea used in this mathematical 
&el sbT1 equal or exceed the stake system inherent design reliability 
g ~ l s  sgecif ied in the launch ve?aicle model specif iations .er in the 
technical work stagement of the contract. When the awartiolllneat e m -  
pancant reliability values are recombined, their reliability interrelatim- 
s h i p  shall be such as toisatisfy the system Inherent reliability gogl 
requirements. 

4 1 



a, Zndicatkng the  r e l a t i ve  phase of $evcI&pat sf thr  em* 
psnmks. 

b .  Providing means by which t e s t  schedules can be-revliewad 
(far a l l  levels  of t es t ing)  and t o  provitde evaluation of the  emaunt of 
itrrformstion awl assurance t o  be derived 5rom the t e s t  program, 

c .  EPraviding mans by which t e s t  data may be correla ted t b  
t he  s tage system inherent r e l i a b t l i t y  goal requirements. 

d. Providing ana ly t ica l  design gredictbuns. 

8.3.2 The apport3 t m d e l  s h a l l  be constructed by accepted 
ana ly t ica l  procedures and graphically i l l u s t r a t e d  by a re l i lbbi l i ty  block 
diagram. A se r i e s  af blocks - arranged i n  echelons, aha11 be-used t o  
i l l u s t r a t e  t he  sequential  brearMowza of a;hs atage f i y a t w  t o  the subsystems 
leve l  and down t o  $he component level .  The sources sf data  t o  be con- 
s i d e r e d % f o r  the  apportidnnent mMel s h a l l  include: 

a ,  Schanaatic diagrams and preliminary design s tudies ,  

b. Studies and reports om estimates of sever i ty  of s t r e s s ;  
.such as Btress a8alyc%ds, BE'BF data, probetype t e a t  data,  e te .  

c . Wetiabi l i r y  propasallra a d  recornendat &on8 .. Ilncludisg 
suppIier$.and other  contractors.  AEso, past program s h a l l  be conssgdered 
for h i s t o r i c a l  eest da ta  ar ayetem evalu~rtions. 

d.  Deaign engineering reports.  

e, Rel iab i l i ty  conferences and survey reports ,  

f .  Revalwcrtio~ reports  an par t  arid cornpeaens EaElF data. 

8.3 .3  A r e l i a b i l i t y  apportionment rapgrt s h a l l  be prepared covering 
derivation and use of the inherent r e l i a b i l i t y  =thematieel models an4 a 
de ta i led  apwrtionmenf of t he  launch vehicle o r  stage eystem r e l i a b i l i t y  
to the  component level ,  This report s h a l l  a l s o  contain apportionmient 
methadls, a d  ashaZl co r r e l a t e  xel@bflXty goals and a ~ a r t i o n r a e n t  to  the  
lauwh f&ible qr s tage  system model and equipment spec9ficat;iun regutre- 
mnts, fie' tepwt aha21 be up-hted t o  cmtaiw al l  current: date, It 
shall be iseuad gwetrterly throughwt the program as 8% i a f @ m t i o n  Cype 
d&euace!nt. 



The prime contractor shall develoe a reliability mathematical pre- 
dictim model to be used as a prime tool for stage and system development. 
The! prediction model shall be based on greviuus experience with similar 
items under eimilax agplieat ions. Wthennathcal techniques shall be used 
tq derive unbiaged estiwtes for cmponent and system reliability pre- 
diction. Thrarilgh the use of stsltistkcs add fatlure rate data, a direct 
eraluatiofi of the minimum relFabLlity shall be deqivzd ea determine the 
effects of vafiation an component: parameters, Cor given mission operating 
times, under different environmental and installation conditions, 

$.&,I Nethods and techniques shall be used t b  sbmlata compbnent 
success and failure conditiane, as predict compnent output parameter 
frequency di~tribution, during product deve50pmewt and demanstxaticrri. 
The reliability prediction modal shall also be used Got 

a. Determine the expected reliability gals (with confidence) 
for each ct?rnpmertt, system, cdined systemz and mfssitm phase. 

I 
1 b, B.erzllawte the appertiisned reliability gwls a£ the mior 

r&p t e k s  and eQrmIpMlent a. 

c.  Carrelate the prdfctad reliability with the fatlure mode 
and effect analydaels in order t~ iselate possible weak areas. 

I 
i 
I d. Specify the numerical reliebility goals to be attained 
I 
I during testing3 to specify test sample si~e, number of tests required, 

I sad the number of allowable failures during each test. 

8.4.2 The predicted reliability shall be used to generate Reliability- 
Confidence growth qbrves and to specify the numberical confidence program 
status-points. Sources of data to be evaluated for use in the prediction 
model shall include: 

I 
I 
I a. PGnctional block and operational flow diagram, 
I 
I 
1 
I 

b. Time Bar graphs of system design and development functions. 
I 1 a .  Previous fatlure rate experience and current part, corn- 

i ponent and system literature. 
I d. Statistical Analyses of mission environments and time 

paradters. 

e ,  Similar.parts and component ipplication studies. 



f ,  Revaluation of the apportionment model data and the 
apportioned reliability goals. 

8 ,4 ,3  ?%a eentraetor &hall prepare a tefiabilkty pxedtceiea rcpett 
indieatizlg in .detail the mthmtiical predictFCjre dtxdel &nd tacbiquas u@t%d, 
The report shall include resulting data and up-grading ptacedure#, i?64i- 
odic revisions s%all be a continuing task during the egecution of the con- 
tra~%, The reliability prediction reports shall be issued quarterly 
thraughout the program as information type documents , 

PCAL ASSESSMT MODEL 

$he contractor shall develop a reliability assesgment model indi- 
cating the achieved or attained reliability, with a confidence factor of 
0.98, for the individual systems and subsystems. The assessment model 
shall be used to evaluate the reliability of the systems at periodic 
phases of the program, and shall also serve the purpase of evaluating 
phaeezlnd mission attained reliability at the appropriate confidence and 
control levels (see glossary). The assessment mdkl shall be used as an 
analytical method to assure that the design of the stage system, subsystems, 
and ground suppart equipment will allow evaluation and detection of relia- 
bility degradation and also provide man-rating apabikity for the launch 
vehicle missions. 

%,%, k The reliability assessment m a d e l  shall alsa be used in eori- 
juriction wtth the detailed specifi&ticins: of mission objectives and the 
failure mode and effect: analysis to provide means for mnitoring of pro- 
gress arnd defLning the reliability ,gpals. The reliability assessment 
shall be used as an analytical method for reliability operations and as.a 
methad for assuring review and correction of reliability problems. 

8 . 5 . 2  Confidence development and control level statistical analyses 
shall be performed as audit paints for the reliability assessment model. 
The coafidence development analysis shall be used to periodically evaluate 
the research and development hardware achieved relilplbility with cm--gppc6-. 
mirPte/can%ideace. It shall also be used for determining the rieliabilllty 
safety margins of the Xa & D components, systems, and atages. 

a. A contm1 level analyeis shall be conducted for period- 
ically evaluating production hardware reliability and quality during:proW 
ducbian, This analysts shall also indicate the operational readiness of 
each flight vehicle or stage sy$tem. 

b. A fumti~afll analysis shall be .c@nducted with the mathe- 
wdical  mrsrreasaent madel to evaluate the pMse and Hli&aion achieved relis- 
bblllty wiicla sr~nfj$i.ttnce limits. The anaslys%s sbdlll, italsaa avaluate the 

a d  #tag* ralib/2311iky dwign ex%tarh, 



c, An operational analysis shall be conducted to statie- 
tically evaluate reliable life, replacement schedules, logistics pra- 
gra@s, item lif a characteristics , , and instantaneous failure rates, 

8.5.3 The mathematical assessment model shall include a statis- 
tical demonstration analysis to1 determine if pre-flight reliability goals 
have been attained for the launch vehicle, or stage system, including the 
gfoend support equipment, This analysis shall also determine the etatus 

,of actual Plight: reliability as compared with the inhetent reliability 
and the mission reliabflity goals. Launch operations test data, accept- 
awe: test data, and flight evaluatian reports shall be analyzed in order 
to make an assessment of the actual reliability of the launch vehicle and 
stage systems. The actual reliability shall be compared with the appor- 
tioned and predicted reliabilities. 

8.5.4 A raliabLlity assessment report shall be prepared and d b -  
tributed quarterly throughout the contract Frogram. This report shall 
Contafn the mathemetical models used in the reliability assessment and 
a detailed reliability assessment of the achieved reliability at each 
audit point. This report shall cover all reliability assessments based 
on tests or equipment operation data. It shall be issued quarterly 
throughout the program as an information type document. 

8 ,6  AUDIT PQ INTS 

For reliability assessment purposes, the contractor shall establish 
three audit points to periodically evaluate the achieved reliability at 
the dppropriate confidence level, The audit points shall correspond to 
the confidpnca 1evel.paints used in the Confidence Development Test Pro- 
gram. The first audit point shall indicate the component and system 
i~bcbieved reliability with a confidence factor of 5W0. 

8.6.1 The seeofid audit paint shall represent the achieved relfa- 
bili@y a£ the systems and subsystems at a confidenee level af 70%. 

8.6.2 The third audit point shall represent the achieved relia- 
bility of the launch vehicle and stage systems, with a confidence level 
pf 90%. Data evaluated at this point of the program shall provide 
verification and assurance that Confidence Level No. 3 (see glossary) 
has, been achieved, 



The prM& eauttgackol: shall provide a data c;aat&r far d~gui@&ti~%~ 
pea&l%asl%ng, and re t r ieva l  af kauwh vehicle of  stage system data, f ie 
&tl center w i ~ l ~ ~ f o v i d e  a single source for  a l l  infametian relatad $0 
p~sduct  ewaludGiod and Smprov@.saent, and for  aay imford t  ian Sndicab iva of 
sucnacgs 69 applicat iaa sf similar or  ralaeed paf@a . a t  @quipm@nt by ather 
a g ~ ~ e i d g l ,  Ti~ely %evFewss a t  p ~ ~ g r e g g ,  s ta tue,  arnd repa*%$ @hall br 
essent ial  t o  the suceassfuf implrznrentaeioa of cer?ractfve saetisn st%$, 
ageaent 0% the re l i sbf  kity program, Aceordingby, a re l fab i  di ty  wnf taring, 
program rev*ew, docuaentaion, regortirag, and data prqcessiw ~ystegki shal l  
be established ta provide RASA and the contractat" functisaal orgaaniza- 
t tons axid mnagemeat with s i g n i f i ~ a a t  informatian wad guidance upan whlch 
r e l i a b i l i t y  decisiane can be formulated. 

9.2 CQWATBBELI~ 

The design of the Data Center will, be aueh a s  i s  compatible with 
gwexataaeat grad coatraceor Bats systems having sirnailax objactlvets and am* 
g lmf ty .  The i n i e i a l  resu l t s  af ehe Bate Center w i l l  be clg;raelg monitored 
by MSFG t o  ensure that  the desired affastivenesa $8 being b u i l t  iato the 
Data Ceater. Zt sha l l  be designed t o  function not anty for  r e l i a b i l i t y  
&ta handling and processing, but asso for informt ian  raeeeclsaq fo r  Beeiga, 
de's~81sp~~ex11a:, ma~~uf&oturi%, &ad q w l i t y  control. 

9.3 WBPLZTfr 

The Data Center sha l l  have the cagabilify t o  prov&.de the data and 
i n f o m t i m  to generate tBs~ ' f~ l lowiag  documeats,,regresbs, land listings; 

~ a .  Parts Liats Listing the frequency of ueage and ident i f icat ion 
of parts  occurring i n  sub-assemblies, assemblies, and the ccmplete stage 
siystm B;o aid in  defamLailng pr ior i ty  s f  parts qualification, ~ e l i a b i f i t y  
tesbiago and related infamaatLon. 

B. Qualified Parts L i s t ,  

e. Limited Life i t e m  and change of s ta tus  of these items. 

d ,  Cerrelatian of envirorlmentai data with t e s t  data for csmparieon 
with desiga and apectficatfaa requirements. 

e, M t a  on mode and (;$use of equipment fa i lure  while i n  the develop- 
-&it and enufac tur ing  stages, comparieons with f i e ld  fa i lure  reports, 



f ,  bwument all cotrgctive act%ona . a d  follow-up. 

8, @eneete a h?an;C$~~G~td review 'of a l l  meas 0f the launah vtahisie 
sryeta &Q that: defects, aad failure@ m y  be grouped %ad prsblem rraB pin., 
gaimted csr ptediated, 

ha Qefierate 8 c;tYtt$letq taahnical review of given i tm at  eflytiiue 
during its develspment, mhuf~~kare, and Operation, 

i, Summarizing data on deviating materials. 

j. Xnputs f r w  field failure reports. 

The relkability engineering group shall furnish technical reliability 
guidance to the contractor's data center. The contractor's reliability 
manager shall be kept informed of reliability program progress by continu- 
ously monitoring and periodically reviewing all reliability activities. 
!?%e smrce of information for this effort shall be the data and reports 
generated by the contractor's documentation and reporting system, From 
these end other sources, the rhliabflity manager shall determine the 
f o'llrwu&ng: 

a, !&s attaimrlt of reliability and safety ahjectives. 

b, The adequacy of the.progrrsm,plen as it progresses. 

c.  The perfarmance .of all work af f ech&ng relgabillity in racccrdance 
,with the. pzaprmn plan, ! 

d. The effw,tiveness of rearientatiun. 

e, The adequacy af crrqtrsl meacsures. 

9.4.1 Faraaal detemimtione of pzogresa shall ba.made peria8i.cally 
and the results shall be published in a reliability report, with imple- 
mented or recamended remedial action, as applicable. These reports ahall 
be submitted to the cognisant HSFC project systems ,office or its designated 
representative for review purwses as required. 

9.4.2 Reliability progress charts, includirig thdse showing achieved 
reliabiltty versus reliability growth objectives, shall be continuously 
maintained and displayed, 



8ugglier ~sliaBbl$ty program@ ekell bta el@arly d~gined i n  thr pro= 
curemnt ag@c$%bca& ions i n  aeeardanc@ f 6 thc raquire~~nf o ,sf this  dost$ 
meat iacludiag the. requlreaents as set fa f th  Sn !lA$b mliety Publisrrtion 
RPG 208-2. Wantative reliability reqdireflbnts; expressed a& inMge-t&mas 
sf cycle-ta-$ailare, or in term of probability, shall be defined reEias 
b t l i t y  requireants incorporated &n the appropriate sect tart. of each prod 
carewnt specifteatian, Other requirements shall include simplicity, 
circuft etdandardPzation and use af qualified piece parts, redundedcy and 
fail-gwfe principals, human factors considerations to minimize or eliminate 
hua.ta errors, and maintenance concepts to lessen tBd~wn timett$ 

The wntrda:torgs reliability arganizatio~ shall preptare and maintain 
a series gf general reliability specifieationa defining various elements,of 
supplier reliability effort to supplement procurement speeifhcations. Pro- 
curement eag'ecifications shall be reviewed by the c0fitkaot6x% quality and 
~eliability organizations psior to release of the specificatian for pro- 
curement. All procurement specifications shall be available, for review, 
to the reliability and/or quality MFC plant ~egresenGatives, 

10.2.1 The acceptance criteria for each procured unit shall be 
cleslxly documenfed in the procurement specification. The supplier's 
responsibility for compliance with contractual requirements, as defiqed 
in tttegxocurement specification and supplementary directivss, will be 
assured by constant desiga surveillance, and by reliability and quality 
assurance personnel, 

10.2.2 m e  coatractor's relidability group shall coozdinate with 
the ~oxltrsctar's quality control grollp ts assure that the receiving 
iaspecltion tests are ia eccsrd with the ralkabkl$ty test plan. 

10.3 SUPPLIER mLTAIkXT*%m $mWY 

fie grime contractor Q s.reliabiliey srganizatm shall ee tablish the 
reli&bSfitg aspects sf sub-c~ntractar and supplier Burvey requirements, 
and cmxdirrate the kmgrlementatioa~~f-$hese requ$re=nts with the quality 
ar,alatml greup 14 the ~selectiofi of supfiliersr. reliability aegects af 
supplier perfsmnce shall beinaanitored by the grhe coaltractor's ralirr- 
bblgty group. Supplier reliability survey reports shall be available ta 
the 6:@@lizant MSFC project hsrsenrs office upsa request, 





Connidarable dmpnrfoncr @hal l  b~ pdscsd on the reliability training, 
indcofrimtian, and mot%vation o f  slB amel~yaee whsae work iafkurner~ ths 
rs$babil%lity af $ha predustr to be ds%b%pcsad, Thia indoctrination and 
trrFaBng psogran @hal l  b s  8 a~atiauiag adu~at&an ~ E Q C I B I ~  

A e s r t a ~  sf prsgrafng on aeliability requir@rnrn&@ md prscf%osr @hall  
be prearnfed $e e l l  emplogcae a g a i g n ~ d  f o  verk on the projoaf, %aae pram 
gyaw @hall ba or iented toward developing &ad teaching aw undrro$anding 
that all persomel in gome way affect the reliability sf the pfaject, The 
required programs a h a l l  be directed toward the historical background of 
reliability, the magnitude & the reliability problem, what reliability 
encophpasses, and the scope of the reliability program, 

11.3 SRECLAE RELuBILITY ENGINEERING COUBES 

Reliability training program dealing with the specific reliability 
and design standards pertaining to the engineering aapects of the project 
shall be considered. Reliability engineering studies shall consider 
intensive, formal courses covering specific technical aagects of the sub- 
ject, and including such courses as computer methods of design analys~e, 
systems and coqonents analyses, system effectiveness evaluation techniques, 
reliability predictions, xnca$functi~n reporting and corrective action require- 
ments, reliability aspects in purchasing, and amhagement tools for reliabi- 
lity. 

The actual training aids to be uaed in a particular course of in- 
stru~fions will take into account the facilities in which the learning 
will be taking place, and the various techniques sf bstructim being 
developed in relation to new definitions of learning. 

11.4.1 The media of closed circuit television shall be considered 
as a major training aid for indoctrination leasons. Television shall also 
be considered for use where a number of highly technical classes must be 
taught and there i s  a shortage of qualified inetruct&rs, 

11.4.2 In addition to tcleviskon, the more recent self-instructional 
aids, or teaching onslchiraes, shall b@-utilhsed as the tasska demand. The 
use 6f these special device$ will be integrated with reliability training 



by experts an, the reliability tfaiaing staff who have special. quarlificar~' 
tiara in programrming teehdtques of $elf-instructiottal eyeteaas, adweaced 
traittd,ng aids, and audib-vtsual learning systems, 

All subcontractors and suppliers shall be briefed on the stage 
IyEttea reliability requifements and the latest methods of reldabilfty 
Cckievement, with pattlculat e~phasis placed on the csiti~al dBtur6 of 
manned miss ions. 

11.5.1 Where applicable, each supplier or subcontractor will be 
required by contract or purchase order to establish and maintain a relia- 
bility training program similar to the one outlined for the prime con- 
tractor . 

11.5.2 The prime contractor's pers~nnel shall periodically visit 
the suppliers t o  discuss, review, and assist in the overall task assign- 
ment of ilrdactrinating all personnel connected with the prime CWtraCt. 

11.5.3 Tn those instanees where more formalized detail indoctrinai. 
tiun on special pmblems is called for, the prime contractor's reliability 
engineering groul? shall visit the supplier's facility to assist in main- 
taining required reliability standards. 



The C W ~ X W ~ Q P :  sblE advise the cawisant  E?iSB6: grajeet  system 
affias,.ar its ,desjigntsatced representatlbwe, of any Gaverment fraxnisbd 
~pr@p@rity 02 eqtlbpmt;nt faand damslged, ~Pfuaactioning, gar tsneuit&tale f o r  f t s  
i n t e d e d  usre, Fa accardmce ts the WaLity j e u b l i ~ ~ t i 6 0 ~  mC 200-2. The 
contrw&@r shislll ~ e p x t  r s f iabbl i tp  problem due %a any deficient  crr 
damged golre~nsaent %urorish& equipmenk a d  sha11::fec~mend, t o  the  cognigant 
pXgPC,paajecZk system of f ice ,  the degree of impr~vernent, o r  corxective :. 
ae t f ea  required, t~ make the GFZ conapatible with the rest of that equigmant 
i n  the Gyrjrtea, 

12.3 DATA AND  OWT TIC OM 

The comizaat mPb= project syetemca,aEfice, or the mFC design 
d t v i ~ i o n s ,  aball furniah t o  the contractor all r e l i a b i l i t y  values, data, 
and fnfasauotlan required by the contractor on Cowerm~nP: furnished equip 
seeat. WE&: such ~alfabilbty i&amt2an oa CFE i e  wt dvajl.br~,blbe, the 
@W@&afa; aW@'gr w ~ I I  -Ee@ P ~ F O V ~ B A ~ X ~ B  f b ~  the CWk1F&e%8~ k& -@BMLh Pk * 



APPENDIX A 

GLOSSARY OF TERMS 

The following d e f i n i t i o n s  apply t o  terms used i n  th is  document, 

- Tests  t o  determina conformance t o  design o r  
spec i  sis f o r  acceptance, When s p e c i a l l y  designed, they 
may apply t o  p a r t s ,  eq~ipmefl ts  ap systems, 

Achieved R e l i a b i l i t y  6 The r e l i a b i l i t y  demonstrated a t  a designated 
point  in  time ment operat ion,  I t  cons i s t s  o f  inherent  
& l i a b i l i t y  with any degradation' t h a t  occurs i n  manufacture, shipping,  
handling, s torage ,  maintenance, and/or use, 

- The q u a l i f i c a t i o n  and r e l i a b i l i t y  
p a r t s ,  components, subsystems, and 

systems f o r  v e r i f y i n g  the  s u i t a b i l i t y  o f  the  design f o r  its u l t ima te  
u t i l i z a t i o n  and %or assess ing  t h e  r e l i a b i l i t y  of the  manufactured 
product. Depending on t h e  type of r e l i a b i l i t y  program being conducted, 
these  tests may a l s o  include the  Bat t leship  and Al l~Systems t e s t s .  

Assurance Tests  - The q u a l i t y  t e s t s  conducted on a l l  items of - 
equipment t o  ensure t h a t  the  high standards of q u a l i t y  cont ro l  a r e  
maintained. These t e s t s  cons i s t  o f :  Source and Receiving Inspection,  
In-Process Inspection,  and Acceptance Tests.  

Checkout Equipment - E l e c t r i c ,  e l e c t r o n i c  and electro-mechanical 
equipment both automatic and manual which is  required t o  perform t h e  
launch vehic le  and s tage  system checkout. 

Combined Systems Tests  - Tests  designed t o  evaluate  t h e  appl ica t ion  - 
of subsystems ems se lec ted  f o r  use i n  the  s t age  system, These 
-tests w i l l  e s t a b l i s h  information necessary t o  evaluate  system compati- 
' b i l i t y  under opera t ional  condit ions,  

- A component is  defined as  an a r t i c l e  which i s  normally 
a com f p a r t s ,  sub-assemblies, o r  assemblies mounted t a g e t h e r  
a s  a self-contained element t o  perform a design function.  

Confidence Test Program - The t e s t  program encompassing 
7 

a l l  t e s t i n g  plan launc-le, s t age  system o r  elements 
thereof ,  This includes experimental evaluat ion t e s t i n g  (RGQ), 
appl ica t ion  approval t e s t i n g ,  operat ional  assurance t e s t i n g ,  and launch 
ope r a t  ions. 



Confidence Levels - Milestones e s t ab l i shed  f o r  R8D hardware cantsol 
point  on approval t e s t i n g *  These confidence l eve l s  
s h a l l  represent  increas ing assu rmce  t h a t  r e l i a b i l i t y  @tills are being 
achf eve$ and def ine  approval po in t s  f o r  k ~ r d w a r e  deve!@p~fi%. Also 
used with the  r e l i a b i l i t y  mathematical aodsls in pefformlng analytical  
ana lys i s  o f  the  achieved r e l i a b i l i t y ,  with apgmprfa te  confidence, i n  
o rde r  t o  p e r i o d i c a l l y  evaluate  the  research and development hardware, 

Confidence Level No. f - Attainment o f  t h i s  confidence l eve l  
P - .-is 

~0nst"stutes approval f o r  i n r t i a l  s t a t i s  f i r i n g  operat ions andl s t a r t  of 
SysteflJ t e s t ,  Represents a demonstration of r e l i a b i l i t y  with i~ 
confidence of 50 per  cen td  Established upoa successful  completion of 
the  experimental evaluat ion t e s t s ,  the  qua l i f i ca t ion  and design 
evaluat ion t e s t s ,  and t h e  r e l i a b i l i t y  demonstsation t e s t s .  Preliminary 
design reviews should be completed a t  t h i s  time. 

Confidence Level No. 2 - At ta inmnt  of t h i s  confidence l eve l  
cons t f a r i c a t i o n  and i n s t a l l a t i o n  of  RFpD hardware 
md equipment in  the  f l i g h t  veh ic le  o r  f l i g h t  s tages .  Represents a 
d e m s t r a t i a n  o f  r e l i a b i l i t y  with a confidence of 7Q per cent .  
Established upon successful  completion o f  u l t ima te  stress t e s t s  toge the r  
with s a t i s f a c t o r y  system evaluat ion t e s t  e q e r i e n c e .  Stage, Bat t leship  
and All-Systems t e s t s  should be s t a r t e d  on attainment of t h i s  level .  
The major design reviews should be completed by t h i s  time, 

Confidence Level No. 3 - Attainment of  t h i s  l eve l  c o n s t i t u t e s  
aPPr n e  zpp l i ca t ion  approval des i jp  review, system 
sequent ia l  t e s t s  and evaluat ions ,  and combined system t e s t s .  Represents 
a demonstration of r e l i a b i l i t y  with a confidence of 90 p e r  cent  upon 
successful  completion of  t h e  vehicle o r  s t age  system checkout (Bat t leship  
and All-Systems t e s t  included). This is the  f i n a l  phase of  t h e  confidence 
development t e s t  program and confirms a l l  pmvious t e s t i n g .  Const i tu tes  
approval f o r  s t a r t i n g  launch operat ions a f t e r  successful  completion of  
the  veh ic le  checkout operat ions,  

Contractor  - The ind iv idua l ( s )  o r  concem(s)  who e n t e r  i n t o  a 
, prime con t rac t  with t h e  government. 

Control Levels - Milestones e s t ab l i shed  f o r  production hardware 
"--P--F c o n t m 6 t s  aur lng  the  opera t ional  assurance t e s t i n g .  These cont ro l  

l eve l s  s h a l l  allow the  comparison o f  the  operat ion o f  f l i g h t  s t age  
equipment t o  confidence l eve l  c r i t e r i a  and provide a p o s i t i v e  i d e n t i f i -  
ca t ion  of ~ o n t i n u e d  s a t i s f a c t o r y  operation. 
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Failvz-e ?!ode k : ~ I y s i s  - 1. detei:irc;d and extensive program t o  i s o l a t e  - -T- aPP kw-po.-,~rst.ts are mdes and to identify these fa i lure  modes 
wi th  t he  appropriate materials, p~oduartion processes, pmduction controls ,  
environments a n d % b ~  design. 

Fa i lure  Mode Effect Ana lys i s  .- AQ orderly and qualitative listing -- 7 

of t h e  manner xpa w b ~ ~ n $ c a n c : i ~ ~ o ?  3 svstern can fail. the effects of 
t h e  fa i lures  on the vehiede's abi$kty to complete the mission, the order 
m d  ~Passification of the Eailzrres ( f i ~ s t  s-rder, second order, e t c , )  and 
the sequence sf opera ti or^ of t h e  system i.n strhich the failures could occur. 

First Order Failure - Miss~trn Y a i i a ~ ~ e s  car~sed by a malfunction of a --- -'my' 

s ingle  componen4, F~can(:, and h i g h s ~  o ~ b o s  "aiiuras require the failure 
o f  two as nsre components o r  parts ' to  c2uss anissisn fa i lure .  

Enhesent ReI<z?f,lit.;. - ?'hare ~el ia is- i l  i i t y  potent ia l  Fn the design as 
-r*m mzz-arrm- 

&tern t.9 ~ i ? : l n i 2 ~ ; 2 t % 1 7 i n R i  h;knrihing,f, tn-afispcsrt.ation, maintenance, 
storage, at~ld '433~~ The br?,h:~cn:-. rciir~ts3.3 i c y  can be ~hi"~nged  only by 
redesign, 

li,~vnch O ~ ~ s ~ o t i o n s  - Tt.e ;3h-<sn OE o p ~ r a t i a n s  Beginning with s t a r t  
&m-=-*-p--- 

C".G lyw*,, nR ~>'-'7 <l,xn n ^ ~  i, ~i :.x$.-aff 

b m t i m  Betweetn F;li.',ure? ;'"l'C:?, - T:t? tot81 masured operating time 
,an -me,.-, nu?"m-n-."n. -rr.11*!-r*3r-q arcs 0.1 3at2.i~~"a-- .:. c .o".~vL~7*"r ':? t?fe to t21  number of fa i lures  

wi t l~ in  t h e  popu3 3tBm c1.sh:-h~ t k g :  * i > ~ g : j ~ $ ~ e d  pcri.od of  ti^. 

Mission !?$ass - 3nc of V'-p ?.;q4,:nihi:?%~~z:ence:-; of  the  over-all 
%%a---qwe " iaaarM 

vehic le  '"3;5$+.0- 9% -% xb; c o u a t d ~ ~ ~ m  'l-r$"; F t n P e  boost, f irst  stage 
saparati~m, saccsnd 1p4<>~9 IJR~OS:, 2 t3cr:~;rT ' ~ % ; ; 7 ~ 7  s e ~ ~ r a t i ~ n ~  sec. 

par?. - ;SKB 2rtieI.a tha?  j-r oc6:rxl"onlly useful  by itself but is 
-s 

an eE$~?a?: OD F asu5.-axssmbly, an p.,c;zsj**bg y i p y  2 ~~v:ffanent  and i s  of  such 
cdnstmst ian thait i" :$ pyqc4:icw?:';~ *,-'; 4 ~ y : ~ ~ : l  not tbmndablb? to 
fur the^ d i s n s s e ~ b  lg. Ss- m ~ i r  ?*:: s n  cv3 t r s  ~-8ct i  - 5 . 

@ r ~ s e ~ , ~ ~ ~ p " l + ~ q  5 ~ i i  - *  ' ":** - ' ; ~ - - P : - ) J . ~ . F P B : ~  the  a?asipn3 pa~famance,  
- ~ ~ . w * - r i ~ r r o e s  n r c  u a r r - c r  7- Ta-- T- 

e ~ ~ ~ i ~ ~ n - r ~ ~ ~  - . C: .- - . z  * * P ~ - . ' . ~  "pa.. ~ F X P  T;"DCVTC?~ pa r t s  m d  equipw~nnt. 

9q3,a$$+ty C f = J n % ~ ~ l  - i' m.7-',".:','.e;;??r-lA ,,> ,*>P : , < : I "  

r n m m 4 - m  ~ l e a x m N " F l %  
. : .  "v~c t : l a~c  :ta central the qua l i t y  of 

articBex .;n . ;ay?I.t "7-3 *,.* .; ,..? 0 f ix8 *>L <-C..~.,.L.~ "*I 7 4 b n a ~  ~? .F~~C%%Y?$S ,~  . . 
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