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The except EM8911 gven below is reprintedfrom the Jounal o the Aneican Staistical Asodation 84(#408), pages
945-957 December, 1989 [DC Library call number. PER QA276.A599Y; the ntrodudion of he aticle, by Sddartha R Dalal,
Edward B. Fowlkesand Buce Hbadey and entled Rik Analysisof the $ae Sutle: Pre-ChallergerPredction of Failure, is
the bags of the nformation kelow It is of inteest & an llustrdion of he ug of dterdiagams in the Anaysis sage of he
FDEAC ¢yde and d the psible oneqiene o assessg a rendfrom only part of a ®t d bivariatedaa. [Author Bruce
Hoadley is inteviewed n Program16 d Agang All Odds Indde Satisticsin the £gmenbn the Challerge disaser]

On the nght of Januay 27, 1986 the nght before the pace $utle
Challerge acddent thee was a hreehaur telemnferenceanong
pemle at Morton Thiokd (mandacturer of the ®lid rocke motol),
Marshall $ace Hight Center [NASA (Natonal Aeronautics and
Spae Administraion) centerfor mota desgn control], and Kemed/
Spae (enter The dsaus®on focusel on he breas of a A°F
temperaure for laurch ime the next moming, and the #ed of low
temperdure an O-ring perormance A daa t, Figure Ja below at
the left, payed an mportant role in the dsausgon. Each potted
pant repreents a Butle fight tha experiencedthermal distressin
the field-joint O-rings the x &is shavs te pint temperdure &
laurch and the y»s shavs the number d O-rings ha experienced
somethermal disttess The O-rings sealhie feld joints of the ®lid
rockd motors, which bocst the butle into ahbit. Basedon the
U-shaed configuration of points (identified by the fight numbe), it
was conduded ttat hee was no eidencefrom the listarical daa
abouta emperdure dfed.

Figurela. Frequency of O-Ring Distress vs. Temperature
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Nevertheless thele was a ébateon this iste, and £me @rici-
pants ecmmmendedhat the hurch ke posponeduntil the empera-
ture roseabove 53F — the bwesttemperdure experiencedin pre-
vious hurches — kpaue the orregponding fight had the Hghest
number d distresedO-rings Some m@ricipants telieved basedon
the physcal evidence tha thee wasa temperdure dfed on O-ring
peformance for exanple, oe d the paricipants, Roge Boigoly,
staed tenpeature was ndeeda dscriminator. In ite of this, the
final recanmendaion of Morton Thiokd was b laurch the Challen+
geg on <hedle. The rcommendton rangmittedto NASA stated
that Tenpeature data [ar€] not cndusive m predcting pimay O-
ring Howby. The samedefax stded that Cdder O-ringswill have
an inaeasedefectve duroméer (harder), and Harde’ O -rings will
take lorge to ‘sed [Presdential Commisson Report, Vol. 1 (PC),
p. 97 (Presdential Commisson on the $ace Sutle Challerger
Accident D8g].

NOTE: It is inteesing to Pecuate, f (hypothdicall)) the
right-most pant in Figure Ja dove had nvdved
one (ingead d two) distressed O-rings, whetter
the nodfied Figue €havn & the nght) would
hae keen intepretedto yield the carectAnswer
(asin Figure Db at he light above abaut the em-
peaure-O-ring dstres relatonship

The aticle EM8911 reprintedaboveis usedin Figure 73

After tre acddent a ommsson wasapminted ty PresdentR.
Reaganto find he caise The @mmsson washeadedy former
Secetay of State William Ragers and induded ®me & the nost
repectednamesii the sienffic and pace @mnunties The @m-
misson determined the caiseof the addentto be the bllowing: A
conbugion gas kakthroudh the right Solid Rocke Motor aft fidd
joint initiated & or shartly after ignition evertually wealenedand/or
pendrated tte Extermal Tark initiating vehicle tructual breakup
and bssof the $ae Sutle Challerger during nisson 51-L (PCl,
p. 7). This is he wpe of faiure that was ahatedthe right before
the Challerge acddent

The Rogas Canmisson (PCL p145 nated that a nistake in the
anaysis of the hemal distressdaa — Rgure & at he Eft — was ha
flights with zero inddentswere keft off the pot becauseit was felt that
theseflights dd not mntibute ay information alwutthe emperaure
effed (seeFigue b below). The Roges Canmisson conduded
that A careful andysis of the fight histay of O-ring performance
wauld have rareded the carelation of O-ring damage n low empe
rature (PClL, p148.

Figurelb. Frequency of O-Ring Distress vs. Temperature

STS8aC
3 4

61A

418
61C

41C 41D

STS-2

Eligrts with no ’r‘ddents

n—~+3S02—05— —0 =T 32

|
[

80

0 §-o-ot -3
50 55 60 65~ 70 75

Calculated Joint Temperature (°F)

This aticle @ms to gve more sitbstinceto this quate and how
how ddtisticalsdene ould haveprovidedvalugble input to the hurch
dedsion proaess Clealy, the ley queston was What would have
condituted proof that it was wnsafe to burch? Since arr madd of the
phenomen is $ochast, our enswveris necessaiily probabilistic. As
in the elecmnference a good sart would havebeen an ramnation
of the hemal distressdaa — Hgure b — for the preenceof a empera-
ture dfed. Nevathdess, the nostimportant queston was What is
the probability of atagrophic field-joint failure if we hurch bnor-
row maning at 3F? Both theseissus ae aldresedin the aticle.

STS&C

w

-0 —OT3ICZ
N

41B 41C 41D
61C STS-2

(614

n—+30Q —O5

50 55 60 65 70 75
Calculated Joint Temperature (°F)

80

of the JAT 220 Caurse Materfals,in Figure 44 d the STAT 231 Course Matefalsand n SatisticalHighlight #31
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