
Un ive rsity of Wat e r loo STAT 220 – W. H. Che rry

‘Challenger (Part 3)’

The exc e rpt EM8913 bel ow is reprint e d fr om the Jo urnal of the America n St atist i cal Associa tion 84(#408), pag es
945-957, December, 1989 [DC Lib r ary call number: PER QA276.A599x]; the int roduction of the article, by Siddartha R. Dalal,
Edward B. Fow lke s and Bruce Hoa dle y and entit led Risk Analysi s of the Spa ce Shuttle : Pre-Challenge r Prediction of Fai lu re, is
the basis of the infor mation bel ow. It is of int e rest as an illust r ation of the use of scatt e r diag rams in the Analys is stage of the
FDEAC cycle and of the pos sib le con seque n ce of assessing a tre n d fr om only part of a set of biv ariat e data . [Au t hor Bruce
Ho adley is int e rvie wed in Progr am 16 of Ag a inst All Odds: Inside Sta tis tics in the seg m e n t on the Challenger disa ster.]

EM8913: On the night of Janu ary 27, 1986, the night before the space shu ttle
Challenger accid e n t, the re was a three -hour teleconferenc e among
people at Mor ton Thiok ol (ma n ufacture r of the soli d rock et moto r),
Marshall Space Flig ht Cent e r [NA SA (Na t ion a l Aeronautics and
Sp ace Adm inist r ation) cent e r fo r mo t or desig n cont rol], and Kenne dy
Sp ace Cent e r. The discus sio n focus ed on the forecast of a 31oF tem-
perature for lau nch tim e the nex t mo rning, and the effect of low tem-
perature on O-ring per for manc e. A data set, Fig ure 1a bel ow at the
le ft, playe d an impor tant role in the discus sio n. Each plo tted poi nt
repre sents a shu ttle flig ht that exper ienc e d ther mal dist res s in the
field -join t O-ring s; the x axi s sh ows the joi nt tem perature at lau nch
and the y axi s sh ows the number of O-rings that exper ienc e d so m e
ther mal dist res s. The O-rings seal the fiel d join t s of the soli d rock et
mo t ors, whi c h boost the shu ttle into orbit. Base d on the U-shaped
configuration of poi nts (id e n tified by the flig ht number) , it was con-
cluded that the re was no evi denc e fr om the his t orical data about a
temperature effect.

Neve rtheles s, there was a debat e on this issue, and some par tici-
pants recom mende d that the lau nch be pos tpone d un til the tem pera -
ture ros e abov e 53oF – the lowe s t temperature exper ienc e d in pre -
vious lau nches – becau se the cor responding flig ht had the hig hest
number of dis tre sse d O-ring s. Some par ticip ants believe d, base d on
the phy sical evi denc e, that the re wa s a tem perature effect on O-ring
perfor manc e; for exa mple, one of the par ticip ants, Rog er Boi sjoly
(s ee Statis ti c a l Highlig ht #1201), stated: te mpera ture was indee d a
discr imi nator. In spi te of this , the final recom mendation of Mor ton
Thio kol was to lau nch the Challenger on sche dule. The recom men-
dation transmitt e d to NASA stated that Te mpera ture data [are] not
conclu sive on pre dicting primary O-ring blo wby. The same telefa x
st ated that Colder O-r ing s will have an incre ase d ef fec tive durom eter
(‘har der’), and ‘Ha rder’ O-rings will tak e long er to ‘se at’ [Presid e n tia l
Commis sio n Re por t,Vol . 1 (PC1), p. 97 (Presid e n tia l Commis sio n on
the Space Shu ttle Challenger Acci dent 1986)].

After the accid e n t, a com missio n wa s ap poi nted by Pre sid e n t R.
Re aga n to find the caus e. The com missio n wa s hea de d by for mer
Se cret ary of State Wil lia m Roge rs and inclu ded some of the mos t
re spect e d names in the scie n tific and space com mun ities. The com -
missio n deter min ed the caus e of the accid e n t to be the fol low ing : A
co mbustion gas lea k th rou gh the rig ht Solid Rocket Motor aft field
joi nt initiated at or shortly after ign ition eve ntually wea ken e d and/or
penetra ted the Exter nal Tank initiating veh icle structura l br eakup
and los s of the Spa ce Shuttle Challenge r during mis sion 51-L (PC1,
p. 70). This is the type of failu r e that was debat e d the nig ht before
the Challenger accid e n t.

The Rog ers Commis sio n (PC1, p.145) noted that a mis take in the
analys is of the the rma l dist res s data – Fig ure 1a at the left – was that
flig hts wit h zero incid e n t s we re left off the plo t becaus e it was fel t that
thes e flig hts did not con tribute any infor mation abou t the tem perature
ef fect (se e Figure 1b bel ow). The Rog ers Commis sio n conclu ded
that A careful analysi s of the flig ht his tory of O-r ing perfo rmance
woul d have reve ale d th e correl ation of O-r ing dam age in low tem pe-
ra ture (PC1, p.148).

This article aims to giv e mo re subs tanc e to this quote and show
how statis ti c a l scie n ce cou ld hav e prov ide d valuable input to the lau nch
de cisio n proces s. Cle arly, the key questio n wa s: What wou ld have
constitute d pr oof that it was unsafe to lau nch? Si nce our model of the
phen omeon is stocha stic, our answe r is necessarily probabilis ti c. As
in the teleconferenc e, a good start wou ld hav e been an exa m ination
of the the rma l dist res s data – Fig ure 1b – for the pre senc e of a tem pera -
ture effect. Nev erthele ss, the mos t im por tant que s tion was: What is
th e pr obabi lity of catastr oph ic fiel d-joi nt fai lu re if we lau nch tomor -
ro w morning at 31oF? Bo th thes e is s ues are addre sse d in the article.

NO TE: It is int e resting to specula te, if (hy pot heti c a l ly) the
right-mos t poin t in Fig ure 1a above had inv olved
on e (in stead of two) dis tre sse d O-ring s , whet her
the modifie d Figure (sh own at the rig ht) woul d
have been int e rpret e d to yield the correc t Answe r
(a s in Fig ure 1b at the rig ht above) about the tem -
perature -O-ring dis tre ss rela t ion s hip.

Figure 1a. Frequ ency of O-Ring Distr ess vs. Temperature
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Figure 1b. Frequ ency of O-Ring Distr ess vs. Temperature
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Flig hts wit h no incid e n t s
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The article EM8913 reprint e d abov e is use d in Fig ure 3.1 0b
of the STAT 220 Course Mat e ria ls , in Fig ure 4.4 of the STAT 231 Cou rse Mat e ria ls and in Statis ti c a l Highlig ht #31.
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