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The Heat of the Matter

I n its final eport, the pesdentialcormmis-
sion charged with &amhing the explosion
of the pace $utle Challerge identifiesthe
deggn flaw tha caued tke acddent and
descibes in cetdl the eentsleading up o

the tregedy It does rot desribe e wnder

lying @ues, wthin the aganizaion of he
National Aeronautics and $ace Administra

tion, that macke it posdble for eriousdargers
to be ignaed One d the @mmisoners,
Richad P Feyrmanof the Caforna Inst-

tute d Technology, has adresedthis ques

tion in a gpaae cdaument in which he
treds the erors in judgement and xeaition

disovaed by the @mmsson as ymptons
by which to diagrose larger problenms
within the pace geng. He mndudes ha

NASAs effediveressin sliing its pojeds
to Corgress haterfered with ts dfedive-
ness as acene@ ad ergineerng Qeng.

It is well known by now tha the mmed-
atecauseof the addentwasfound to le a
faulty seal n ane d the pints ketween ¢
tions of the swtles right-hand slid-rocket
bocster Hot gases eodeda rubbe O-ring
in the seal antblew by"it, aeding a kak
that erenudly dloweda dume d flame to
escpe hrouch the pint and perce tre
shuttles extemal fud tark.

The finding @ame a no sirprise Testmony
before the Rogas @wmmison (namel for
its chairman, Willam P. Roges, a former
secetay dof statg revealed trat O-rings n
the olid-rodket bocstes had keen a natter
of coneern for neay a cecaec. ak ae
an esential part of the oster becaug ke
all lage olid rockeas, hey are huilt in
sedions. There ae svad reasnsfor sud
a dedgn. One b tha the 1ud is first cag as
a lquid, and t might not dy and cue
corredy if it were depoded in a sngle
contaner as hmge & the dwtle booster
Another reasm is tha an intect booster
rockd would be bo lamge b be tangorted
by rail from the mandacturerto the durch
site beaue te bostes were mace in
landocked Utah, o aher neas o
trangortation was &ailade. The mricular
mehod d joining the ®dions that was
proposal by the nandacturer Morton
Thiokol, Inc, had keen criticized ty NASA,
however Tha was h 1977 when tests fat
indicaed ttat Thiokd's mettod d sealng
the joints ketween dions might lead to
erogon and eaks

During he ®ondflight of the pace $utle,
in November, 1981, ;e Oring in the iight-
hand slid-rodket bocster was eroded, d-
thouch no gase Hew by it. O-rings vere
eroded diring 1L subeuent flights — dten
in more than me pint — and in nine flights

hot gases Hew by the 'primary” O-ring in &
lesst ane pint but dd not pass onpletdy
throughthe rest d the ®al

Enginees at Thiokd were darmed ty the
unepeded failty of the ®ak. In ly, 1985,
RogerM. Boigoly, a Thiokd engineerwrote
a memaandum D RobertK. Lund, the \ce-
presdentof engineeing, 'to insurethat man-
agenent & fully avare d the ®riousiess ¢
the aurrent O-ring erosion problem ... It is
my honest and ery realfea tha if we do
na take immedateadion b dedcae a tam
to olve the poblem .. we dand in jeqoardy
of losing a fight aong with all the burch
padfacilities A later memaandum, written
in Octoker, 1985, by the hed of the ak
force eenudly creded b lve the pob-
lem, begnswith the word "HELP™ and end
with "This is a ed fag" The emgjineers' con-
cerncame to a hehthe nght before the
Challerge laurch,when in a elemnference

Officials tried t under-
stand the eosion by mak-
ing a mathemdica model,
basedon data from flights

on which the O-rings
eroded, to predict the
amourt of damage to ke
expected under various
condtions.

they tried b corvince both the NASA and
Thiokol mangyements 1ot to burch becaus
of the etremdy cold temperdures at the
laurch pad.

Why were swtles albwedto fly when citi-
cal pars were keingdanmagel in utnexpected
ways? Acoordng to Feyrman manaers &
NASA and & Thiokd came to egad O-
ring e@osion as an acepble risk beaue
O-ringshaderoded o previous fights with-
out cauing the hoostes to fil. Officials
nated that in he edlier flights the ings hal
been eodedby mo nmore than methird of
their radus. Experiments hd indicaed trat
an Oring would haveto be eodedby e
full radus before it would fail, and ® the
officials asseted trat thee was dsabty
factar of thre¢' Feyrmanobseves, This is
a drange useof the egineek term'sakty
facta’.... Elodon wasa due that ©mehing
waswrorg. Eosion was no something from
which saéty can ke inferred.

Officialstried b understandhe eosion by
making a mattemadical modd, basedon data
from flights an whichthe O-rings eoded to

to predct the anourt of darmageto be expec
ted wndervariousconditions. Feynman ds-

cussesthe way the nodel wes devdoped

and he final brm it todk and then dds:

"Thee is mthing much so wong with this

as lelieving the asswet Uncetainties @pea
eveywhee ... The engrical formula was
known to be wcetan, for it did not g

through the \ery daa points by which it

was deermined: NASA used this matte-

maical modd to rationaize flying with ever

greder fisks. Feynman dso disaussesthe

deggn, tesing and cerffication of he $ut

tles main liquid-fuel engine ad mndudes
that rere bo thee was d'slow ift toward

deceasing sakty fador" In theseand oher
casesibtly, and dten with apmrenty logi-

cal agumentsthe aiteria ae dtered ® tha

flights may dill be @rified in time'

To esimate the chancesf a s@ee dutles
failing, NASA manaess subgituted what they
termed 'ergineerig judgement” br the gan-
dad metlods of probability. They set the
probabiity of failure at alout one chance
in 100,000 Working enginees taugh the
chancesvere doser b one n 100 "If we
are to efdace sandard rumaeical robability
usaye with ergineerng judgment Feyrman
aks, 'why do we fnd such an exomaus
dispaity beaween the nangement esimae
and theydgment @ the eginees?"

Feynman hypothegzes ha the indamen
ta caue d NASAs systanic overcanfidene
wasthat a najor role  NASA mangement
wasto get funding fom Congress To do
sq he sys,they mintedtoo rosy a fcture
of wha could be aoomplished with arrent
technology. At a pres @mnierencehdd when
he eleasd his independent emaks, Feyn
man speaulated that by exaggeating wha
they sid they could do, they got in a postion
whee they didnt want to heatoo nuch
aboutthe truth .... The Challerger misson was
the final addentof a ®quene of things n
which thee was wvarring dter warring
after warring tha something was wong ...
For10 yeas tey disaussé this poblem
and ddrit do anything abaut it ... becauseit
was had for information © come y. But
we know the nformation was hee & the
lowestlevels. Why the emginees ae a the
lowestlevels | have no idea but the quys
who know somehing eéaut what the wald
is reall like ae a the bwestleveks of these
organizdionsand the nes who know how
to influene aher pele by €lling them how
the world would be rice... they're d the tqd!

Although Feyrmanjudges NASA manae-
ment nore hardily than the #icial report,
the latterdoes siggestthat NASAs original
plars for the sutle were oseranbitious the
conmitment to povide rouine and €mno-
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mical acessto Pace bded the geny
into a <hedile oo ight to be et with the
avalabe reources. For exanple, he nven-
tory of pare m@rs was no large emaughto
acomnodate the laurch s<hedle, aad ©
eaxh ahiter wasmack reaq for laurch by
cannbdizing parts from ather orliters. The
conmisson swygests ha NASAs desie ©
male te wutle the mly majar U.S laurch
systen put oo much presue m the po-
gramto meet ight schediles and to & ale
to hande any myload NASAs cando dti-
tude, its willingnesgo undetake dallerging
tasks at he hd minute, dso straned the
resoures ¢ the gourd cews and forced
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NASA officialsto focus o the rea termat
the experse d long-termsakty and econamy.

Yet the report does not emmmendary
mgor charyesin the averd structure d the
spae pogram,nor does t hold the highest
levels of manaament eponsble for the
acddent; it reseves its gongest aiticism
for mangement & Thiokd and & NASAs
Marshall S$ace Hight Center the diision
of NASA regpaonsble for the bocstes. The
report condudes by wging the Administra
tion and the ourtry to mntinuesypporting
NASA.

Feynman's report goes a to draw the on-
nedion ketween the aeroptimisic atitude
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of top manayement and theaident He mn-
cludes by @maishing NASA to be alstic
in esimaing costsand &ting schediles "If in
this way the Government wauld nat support
them, then ® be t. NASA owesit to the
citizers from whom t asks sypport to be
frank, honest and ommnunicatve, so ha
thesecitizers an nake the wisest desisiors
for the wse @ ther limited eurces. His
final remak is tha of a physcist who is
galed b e what re alls 'fanagy" enter
the ream of stien@ and emjineerng: "For
a accasdul technology, realty must ake
prece@nceove pubic relatbns for rature
cama be bded'
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