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L? b i-:Jn:«o a The quality control requirenents and procedures that are being
AR
O‘ . developed for mammed spacecraft differ in a number of important re-
6kAV‘
?. W‘, ects from the conventional prartices that have evolved in previous

i
| W‘JLM aircraft and missile programs. These differences are a natural con-
o '
| ]
;‘ % programs and vehieles. In my renarks tonight I will attempt to

l I\ point ocut a few of these distinctive features and their effect on
| : _
’ M"M) (Yreliability and quality control ~equirements.
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NW The most outstanding featur: of our programs is their research
character. The flight missions leing undertaken in the manned ex-
ﬂ . ploration of epace are in every sense of the word research flights.
i chQ

c:/ are a search for knowledgz, not only of space itself, but also

e Mo survive, travel, and mneuver in space; to take off and

fa

land spacecraft on the earth, th¢ moon, and eventually the planets.
The spacecraft we use are single-purpose devices, few in num-
ber, tailorad pvc;..iea?ly to each particular mission. Once the

l
’ migsion for which they are desigred has been accomplished, they are .
unlikely to enter a production phase or enjoy a long period of
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operational use as might-a missile or airplane. In this sense,

. our quality control problems are much closer to those of the X-15

- than to those of the B-58.

For those few pioneering sraceeraft we must obtain parts, com-
pmcnts; subsystems, and engineesing as near to perfection as the
né‘:ion's finest craftsmen can aciieve.

The éingle-purpose charactar of ouwr spacecraft is not exactly
of our own choosing. Nature has perversely laid out the stepping
stoneg to sp&ce in.such a way as to require a substantial advance
in pro;:p.mion capability between each step. An wurgent need for
"cangible evidence of progress in space impells us to attempt each

step o.'s'. soon as the minimum capalyility can be achleved. Because

" we ore uwndertaking successive mitsions as rapidly as possible,

' al".%ays at the extreme outer limif: of our advancing propulsion capa-

bility, ?:he spacecralft we use are rightly weight limited. They can
never be provided with the growt!: potential that would allow them
to be adapted to succgeding steps. Nor can the experienced engincer-

ing tean completing the cruecial iinal flight stages of one program

be safely diverted from its task to undertake the design of the ve-

hicle. Thus, we must progress by a series of more or less inde-
pendent programns, each of increasing size and complexity, over-
lapping in tims, and manned by different independent teams of govern-
ment and contractor engineers, esch having little if any first-hand

familiarity with the mpst recent manned space flight experience
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.available at the time the progras starts. This situation ocbviously

calls for strong erphasis or rapld disseminaiion of operational
e::;:er—ié:;ac with spsoscreit systens t}_xgoughout the entire manage-
ment, eggiaxeeyidg, industrial, awl stucational conplex. No matter
hew herd we work on this appreaci, however, we cannct hope to achieve
p-:'rfection.' Some design decisiow will still be made in ignorance

of ini’oﬁmtion that exists, and others will be shown wrofxg by infore
mation yet to be acquired. Thes: errors will have to be corrected
before flight. Thus we arrive a: what is perhaps the most impor-

tant single reguirement in our programs; that desicns. procedures,

and schedules must have the Flexbility to gbsorb a gteedy stream

- gf chanres ceneraied by a continiially Iincreasing understanding of

B4

space problems.  Reliability, quiildity contrel, manufacturing, and

procurement plens must all be se: up with full recognition of this

requirement for contimeal hardwa e change.

The flow of new informatic:: from current space programs is not

the only source of requirements :'or change. Equipment malfunctions

that ccouwr during system developient testing or preflight prepara-

t

ions arve often of egual or grea er importance. In manned flight
we cannot afford to regard any o’ these equipment malfunctions as
a randem failure. We must regaw! every malfunction and, in fact,
every obsérvé(i peculiarity in the behavior of a system as an inpor-

tant warning of potentlal disaster, Only when the cause is thorough-

© 1y understood, and a change to eliminate it has been made, can we

. -

proceed with the Flight program.




P

The problem here is one of shortening the failure de"cecticm-—-

cmrcccive action r_y«..le to eJ__ nate disastirous effects on oper\tin,,

selzeumcs. We ave finding it e cesaarm,_very drastic
) \\\
streamlining of procedures th ss—production——"

peated at least enough times %o accm:zlate a noticeable pile of
IBM cards, and where the subseoquent paper-lined path from prime
coﬁtr—actor, to subecontractor, t¢ parts vendor, and bhack, too often
produces little but delay, cozt, mnd disclaimers of fé;sppnsibility.

Ranid corrective response to malfunctions throughout system -

dovelopment and preflicht preparations is a eritically important

requivenent of owr programs if w2 are to meet schedules with hard-

ware that is fit to fly. To the maximum extent possible, failure
analysis and decisions as to corccctive action must take place im-
mediately at the scene of the fallure, where the availability of
the part, the test set-up, and twe people inmvolved in the test,
oifers the best opportunity for wcurate determination of the perti-
nent facts. Contracts and purchise agreements with component and
parts suppliers should provide tliat the services of their engineer-
ing tafi‘, will be availa.ble on call whenever required for this
purpose. Constructive and effeci:ive reaction to- the emergency situ-
ation crcat d when a failure requires redesign of a spacecraft com-
ponent. 1s the most welcome contr: bution an individual or company

can make to the nation's space programs.
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: uﬁob her distinctive charac eristic of our spacecraft is the
large’ numner of cne-shot and liidted-life items used in the various
subsyc‘..ems This characteristic limits the amount of proof testing
ﬁhat eén be performed on the acual flight articles. In the case
éf i{cms such as the heat shiald, escape rockets, explosive separa-

evices, explosive discomnccts, igniters, etec., the actual

rh
e
Q:

specimen to be flown cannot be iested at all. Items sudh as Tuel
eells’,‘abiative nozzles, parachites, and launch vehicle engines

n be given only limited tests, under conditions that are not
truly representative, aﬁd then ¢nly at considerable risk that the
tests and théir aftermath may irtroduce more flight failures than
they prevent. This particular problem is of course shared by the
ballistic missile but not by the airplane.

| The operating philosophy that has evolved to meet the situation

s based on the idea that randorly selected samples of components

{2

can be subjected, in a so-called qualification test program, to
aﬁpropriate ehvironmental, reliarility, and overstress tests with
conplete éonfidence that the resilts of these tests will apply to
the 1"*1*':1;111110' articles installed in the Flight VE‘hJ.CleS. This
odifidence is not justified unless gll suppcsedly identical parts
"from vhich the conponents are asembied are truly identical in all
essential features. Although the parts can be inspectéd and their
. primary characteristies can be measured, identity in the sense re-.
guired by the gualification test philosophy camnot be fully estab-

8 &N
lighed by inspection and measucerent alone. Features that eventually




merbers have been prodvced esymwmTiUsTy 65 the swwe asenbly line -
| //’/‘;T Foui an intervening change 4. desirm, process, or materials,
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tum out to be important in govamiing sz: :_i :.vity o environment
of susceptibility to failure of ten are mmcognized or inadequately

lefined by inspeetion or measwurmaent at the time of memufaeture.
To achiieve a degree of conizrol over whatever unknown or inde-
ewminate influences may exist, consideration must be given to the

necesgity that all commonents »ydwine pentfication through a

-

cuglification test program be m:ide up from sets of-psrts whose

Handling subsequent to mamufacture must also be identical and must

be econtrolled to hold environmental stresses well within the limits

to be experienced\by the ;;art diring the gualifientdon tests. It
1s also necessary tﬁat the parts be identified individually or as
members’ of the set and that rscurds show the location of all parts
in a set.

This requivement for ident: fication of parts is of critical
importance whenever failure of : co@onent under test reveals a
defect in a part which can be aitributed to the design or to the
mnufaeturing or handling process. It then becomes essential to
locate and remove immediately fiom all flight conmponents all similar
parts, Since these parts may h:ve been usedv in more than the one
type of component that revealed the deficiency, it is not sufficient
merely to remove all of that tyre of component. The very strict
control over parts identificaticn and use that we are seeking is

nnce;:ary to insure fhat all suspected parts, whenever used, can




" gram at the launch site,

be readily located for removal :nd replacement.

In the area of inspection, flight safety considerations and

the limited nurber of articles :nvolved in our programs make it

_x.tasoné.ble to require 100 per cont inspection of all items. In-

spection proecedures must be des:gned to locate and reject every

defgctive or marginal part, no ratter how many good parts are un-

. necessarily rejected in the process. We are not alone in this mat-

ter of extreme selectivity in tle acceptance of parts for space-

craft'.V in the outstandingly successful Telestar satellite 58,800

acceptable solid state devices vere examined to select the 22,500

- for the 7 f]_.yable models.

' Another indication of what can be accomplished by selectivity
combined with persistent attention to detail has been provided by
the program devised by the Air Force and the Aerospace Corporation

for the selection and preparatica of the Atlas boosters for manned

o
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iability potential of the hasic design could not be accom-

g
plished within the life of the ¥avcury program, they set out to muke

certain that the maximum relisbility of which the design was capable
would actually be achieved in, Mescury operatiens. The program that
resulted Involved three parts, a Component Selection Program, a

Factory Rollout Inspecticn Progrus, and s Flight Safety Review Pro-
3 < ""‘“‘“\\_ " ;

In the componentiselection rogram all available Atlas compon-

ents were screened, Those whose prior history and performance under

ury flights. Recognizing that major design changes to increase .




. test were closest to ideal were gelected and rescrved for manned

Mercury [lichts.

Iz" the factory wollout insg ection program teehnical teanms of

Aln Force- and Aerospace experits on dach booster subsystem were set

wp to review the manufacturing Iistory and factory tests of each

Mcrcm:i" bosster to verify and certify its suitability for marmed

In the flight safety voview program similar technical teams
were 01" anized at the lawmch sit2 to monitor and record the pers
formance of cach subsystem throuzhout all preflight prgparations
and checkout acti ivities. These tcams reported to a senior review
board charged with the final resjonsibility for raviewing all the
pronlems and actions pcr-‘cinent to the booster and certifying that,
within the iimi’cs of human knewladge, it was ready for mamned
oxbital f£light. " |

As a result of this program, fthe Mercury boosters have re-
quired twice the normal man-hour: to'fabricate. and have recéived
more than three times the normal checkout time and attention. While
no man can say that thig formula Iinsures success, 1t certainly does
not invite failure. :

In the case of the snacécra t, we have followed a generally

suxl e aﬁgmaeh a8 regards techrical surveillance and review of

(.3.

ubsystoem parformance. Special vmphasis has been placed on maine

A

faining a particularly high ].e ve.. of technical c¢ppability at the

dan
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launch site, and on very thorough investigations of every sympton
cl‘ t *ouble durving the rather exi ansive preflight preparation. A

ba ic“grou.nd rule of the operation has been that the spacecraft
cannot be commitied to flight wiile any observed difficulty remains
unc:’.plaih&d ‘or wncorrected. »

e believe these operating procedures developed for the Mercury
booster and spacecraft have beer very effective in concentrating .
the attention of the best qualified technical talent available on
| Lne c?.efevxl:iled engineering problens of each vehicle., Similar pro-
ce éurﬂs will be followed in our future programs. :

In the design and testing arcas our approach to the relia-
Bilid y and f..:._,ht safety pl;oblem 2lso reflects lessons learned in
nmvions msearch airplane, missile, and space fiight programs.
-Jh.Lle we' attcn'm te sugment safeiy wherever practical by emergency
escape pvovialcw we recognize “hat the most effective approach
to, safety is through vehicle relimbility, .

- To Insure that acdequate att mrtion is directed to reliability

in the design utﬂr"‘ wa specify @1 overall mmerical poliability

: - goal for the spacecraft. This o erall goal is subsequently budgeted

to the various subsystem by the gpecgeraft designer, These numer-
eal’ rchabAibj rcqt.lrcmmrr" a1 VETY uéaful in the dﬁsign stage

bee ﬁ..e dzcy give 1..‘; subsysten .C‘Gi":ﬂ&i‘ a rational basis for de-.

-

ciding on the dcwree of redundancy, derating of parus, and other




In estimating the reliability of a proposed subsystem design,
use must be made of Failure ratc data or estimates for the indi-
vidual ‘par*!:s_ﬁlat make up the sibsystem, These failure rate.esti-
mates ﬁbrmally include only the so-called random or statistical
type of failuve that predominutes in fully developed parts. Hence,
subsystem and spacecralt reliabllity values derived in this way
tend to reflect the minimm fuilure rate that may wltimately be
chtained with the design. The gctual subsystem failuré rates may
initiaily be much higher because of design ervors, interaction ef-
feots between parts and componern ts. wmanticipated environmental

effects, or errors in estimating envirenments. Virtually all of

our 111331_ difficulties to date iave been in this subsystem devel-

opment category. Most would havz been detected and eliminated be-

Hy

ultimately devised had been available at that time. As a result
of, this e pe'ﬁience, we are tendl g to concentrate rmuch of our re-

Ligbility effort on devising subiystem test programs that will detect

. and eliminate these avoidable sonces of failure before flight.

. Basical 1y, owr approach is an attempt to lay out system de-
signs 1} Wlll absorb the expecred number of pawts failures with-

out seriocus. consequences, and to lay out a testing program that will

- assure detection snd Correction of all other sources of system

failure L fore fli;nt

10

ore flight If the grownd test t:hniques and programs that were ;
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The last and most fundaren :al requirement for success in our

- manned space effort is for the kind of people who will not permit

it to fauil. In the final analysis there are very few failures in
the history of flight that could not have been avoided, if some-
ciie, somewiiere, had been more ex)erienced, more skillful, more care-

Ful, or more highly motivated., ‘o design, build, and operate the

¢ vehic_les. that will ploneer the eploration of space regquires the
services of the most capable and most experienced people and com-

panies of ‘the Aerospace Industry people whogse pride in their

é-‘i"aftmnan‘élﬂp will permit no comromise of the quality essential

%o suecé'ss; people who will nevir overlock or ignore the slightest

sign of trouble; people who will freely give that last bit of extra

effort that so often gpells the (ifference hetween success and

The requivements for relialility and quality that I have been
discussing tlﬁ‘s evening are perh:ps beat summarized in the simple
basic §lxilqsopl1y from which thoey derive: that cvery mammed Spacte
eraft that leaves thi; earth on the most ambitious and challenging
a.rivcnture in human history shall represent the best that dedicated
and ingpired men can create. We camot ask for more; we dare not

settle for less.
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