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Several months before the destruction of Challenger, NASA his- The Challenger
torian Alex Roland wrote the following in a critical piece about Case

the space shuttle program:

e o

18 Stephen H. Unger, Coniroiling Technology: Ethies and the Responsible
Engineer, 2nd ed. (Hew York: John Wiley & Sons, 1994), pp. 210-15. See also
Paula Wells, Hardy Jones, and Michael Davis, Conflicts of Interest in
Bnginecring (Dubuque, TA: Kendall/Hust, 1986).

Introduction to
Englneering Ethics

The American taxpayer bet about $14 billion on the shuttls. NASA
bat its reputation. The Air Force bet its reconnaissanee capability.
The astronauts bet their lives. We all took a chance.

When John Young and Robert Crippen elimbed aboard the orbiter
Columbia on April 12, 1981, for the first shuttle launeh, they took a
bigger chance than any astronaut before them, Never had Americans
been asked to go on a launch vehicle’s maiden voyage. Never had
astronguts ridden solid propellant rockets. Never had Americans
depended on an engine untested in flight.!®

Most of Alex Roland's criticism was directed at the sconemic
and pelitical aspects of the shuttle program that was supposed
to become a self-supporting operation but never gave any indi-
cation of being able to reach that goal, Without a natienal con-
sensus to back it, the program beeame a victim of vear-hy-vear
funding polities.

The Columbie and its sister ships, Challenger, Discovery, and
Endeavor, are delta-wing craft with a huge payload bay. Early,
sleek designs had to be abandoned to satisfy U.S. Air Force
requirements when the Air Force was ordered to use the NASA
shuttle instead of its own expendable rockets for launching satel-
lites and other missions. As shown in Figure 3-2, each orbiter
has three main engines fueled by several million pounds of lig-
uid hydrogen; the fuel is earried in an immense, external,
divided fuel tank, which is jettisoned when empty. During liftoff,
the main engines fire for about 8.5 minutes, although during the
first 2 minutes of the launch, much of the thrust is provided by
two booster rockets. These are of the solid-fuel type, each burn-
ing a one-million-pound load of 2 mixture of aluminum, potas-
sium chloride, and iron oxide.

The casing of each booster rocket is about 150 feet long and 12
feet in diameter. It consists of cylindrical segments that are
assembled at the launch site. The four field joints use seals com-
posed of pairs of O-rings made of vuleanized rubber. The O-rings
work in conjunction with a putty barrier of zinc chromide,

The shuttle flights were successful, though not as frequent as
had been hoped. NASA tried hard to portray the shuttle program
as an operational system that could pay for itself. Some Reagan
administration officials had even suggested that the operations
be turned over to an airline. Aercspace engineers intimately
involved in designing, manufacturing, assembling, testing, and
operating the shuttle still regarded it as an experimental under-
taking in 1986. These engineers were employees of manufactur-
ers, such as Rockwell International (orbiter and main rocket)

¥ Alex Roland, “The Shuttle, Triumph or Turkey?" Discover, November
1985, pp. 26-49.
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and Morton-Thiokol (booster rockets), or they worked for NASA
at one of its several centers: Marshall Space Flight Center,
Hunteville, Alabama (responsible for the propulsion system);
Kennedy Space Center, Cape Kennedy, Florida (launch opera-
tions); Johngon Space Center, Houston, Texas (flight control);
and the office of the Chief Engineer, Washington, D.C. (overall
responsibility for safety, among other duties).
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After embarrassing delays, Challenger’s first flight for 1088
wag set for Tuesday morning, January 28, But Allan J. MeDon-
ald, who represented Morton-Thiokel at Cape Kennedy, was wor-
riad about the freexing temperatures pradicted for the night, As
his company’s director of the solid-rocket booster project, he
knew of difficulties that had been experienced with the field
jeints on a previcus cold-weather launch when the temperature
had been mild compared to what wag forecast. He therefure
arranged a teleconference go that NASA engineers could confer
with Morton-Thiokel engineers at their plant in Utah,

Arnold Thompson and Roger Boisjoly, two seal experts al
Morton-Thiokel, explained te thely own colleagues and managers
as well as the NASA representatives how, upon launch, the
hooster rocket walls bulge and the combustion gases can blow
past one or even both of the O-rings that make up the field joints
(szee Figure 3-2). The rings char and erode, ag had been observed
on many previous flights. In cold weather, the problem is aggra-
vated hecause the rings and the putty packing are less pliable
then, But

... only limited consideration was given te the past history of O-ring
damage in terms of temperature. The managers compared as a func-
tion of temperature the flights for which thermal distress of O-rings
had been observed [Figure 3-3}—not the frequency of occurrence
based on all flights, When the entire history of flight experience is
considered, including “normal” fiights with no erosion or blow-by, the
comparisen is substantially different [Figure 3-4]. Consideration of
the entire launch temperature history indicates that the probability
of O-ring distress is ineressed to almost a certainty if the tempera-
ture of the joint is less than 65.20

if the graph depicted in Figure 34 and other supporting ren-
ditions (such as Figure 3-5 of later date) had been available at
the meeting, upper management might just have seen the prob-
lem of cold O-rings more clearly, but with launch time approach-
ing, deliberations were cut short.

The engineering managers, Bob Lund (vice president of engi-
neering) and Joe Kilminster (vice president for booster rockets),
agreed that there was a problem with safety. The team from
Marshall Space Flight Center was incredulous. Since the specifi-
cations called for an operating temperature of the solid fuel prior
to combustion of 40 to 90 degrees Fahrenheit, one could surely

30 Rogers Commission Report, Report of the Presidential Commuission on the
Bpace Shuttle Challenger Accident (Washington, DC: U.8. Government Printing
Office, 1986).
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Figurs 3-3
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allow lower or higher outdoor temperatures, notwithstanding
Boigjoly's testimony and recommendation that no launch sheuld
oceur at less than 53 degrees, They were clearly annoyed at fac-
ing yet another postponement,

Top executives of Morton-Thiokel were also sitting in on the
teleconference. Their concern was the image of the company,
which was in the process of negotiating a renewal of the beoster
rocket contract with NASA, During a recess, Senior Vice Presi-
dent Jerry Mason turned to Bob Lund and teld him “to take off
your enginesring hat and put on vour management hat,” it was
a subseguent vote (of the managers only) that produced the com-
pany’s official finding that the seals eould not be shown to be
unsaie. The engineers’ judgment was not considered sufficiently
waighty. At Cape Kennedy, Allan McDonald refused te sign the
formal recommendation to launch; Joe Kilminster had te.
Accounts of the Challenger dizaster tell of the cold Tuesday
morning, the high seas that forced the recovery ships to seek
coastal shelter, the ice at the launch site, and the concern
exprogsed by Rockwell engineers that the ice might shatter and
hit the orbiter or rocket easings.?! The inability of these engi-
neers to prove that the liftoff would be unsafe was taken by
NASA as an approvel by Rockwall to launch.

The countdown ended at 11:38 A.M. The temperature had rizen
to 86 degrees. As the rockets carryving Challenger rose from the
ground, cameras recorded puffs of amoke that emanated from
one of the field joints on the right booster rocket. Soon these
turned into a flame that hit the external fue! tank and a strut
holding the booster rocket. The hydrogen in the tank caught fire;
the booster rocket broke locse and smashed into Challenger’s
wing and then into the external fuel tank. At 76 seconds into the
flight, by the time Challenger and its rockets had reached 50,000
feet, it was totally enguilfed in a fireball. The crew cabin sepa-
rated and fell into the ocean, killing all aboard: mission com-
mander Francis (Dick) Scobee; pilot Michael Smith; mission spe-
cialists Gregory Jarvis, Ronald McNair, Ellison Onizuka, and
Judith Resnick; and “teacher in space” Christa MacAuliffe,

President Reagan was to give his State of the Union message
later that day. He had to change the tone of his prepared remarks
on the shuttle flight and its first civilian passenger.

H Maleolm McCenrell, Challengen ¢ Major Malfunction (Garden City, NV:
Doubleday, 1987); Rosa Lynn B, Pinkus, Larry J. Shuman, Nerman P.
Hummon, and Harvey Wolfe, Engineering Ethics: Balancing Cost, Schedule,
and Risk—~ILessons Learned from the Spoce Shuttle (Cambridge: Cambridge
University Press, 1997).



Safety Issues

Unlike the three-stage rockets that carried astronauts to the
moon, the space shuttle could be involved in a simultancous
(inadvertent) ignition of all fuel carried aloft. An explosion close
to the ground can have catastrophic effacts. The crew had no
escape mechanism, although McDonnell Douglas, in a losing
shuttle proposal, had designed an abort module with its own
thruster. It would have allowed the separation of the orbiter,
triggered (among other events) by a field-joint leak. But such a
safety measure was rejected as too expensive because of an
accompanying reduction in payload.

Working with such constraints, why was safe operation not
stressed more? First of all, we must remember that the shuttle
program was indeed still a truly experimental and research
undertaking. Next, it is quite clear that the members of the
crews knew that they were embarking on dangerous missions.
But it has also been revealed that the Challenger astronauts
ware not informed of particular problems such as the field joints.
They were not asked for their consent to be launched under eir-
cumstances that experienced engineers had claimed to be
unsafe.

The reason for the rather cavalier attitude toward safety is
revealad in the way NASA asseszed the system’s reliability. For
instance, recovered booster rocket casings had indicated that the
field-joint seals had been damaged in many of the earlier flights.
The waivers necessary to proceed with Jaunches had become
mere gestures. Richard Feynman made the following observa-
tions as a member of the Presidential Commission on the Space
Shuttle Challenger Accident (called the Rogers Commission, after
ite ¢chairman):

I rerd all of these [NASA flight readiness] reviews and they agonize
whether they can go even though they had some blow-by in the seal
or they had a eracked blade in the pump of one of the engines . .. and
they decide “yes,” Then it flies and nothing happens, Then it is sug-
gested | . . that the risk is no longer so high. For the next flight we
cati Jower our standards a little bit beeause we got away with it last
time. . . . It is & kind of Russian roulstte.®

Sinee the early days of uamannad apace flight, about 1 in
every 25 solid-fuel rocket boostars had failed. Given improve-
ments over the years, Feynman thought that 1 in every 50 to 100
might be a roasonable estimate now. Yet NASA countad on only

[ oy

# Fogors Commission Report, Repor? of the Presidentiol Commission.
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1 crash in every 100,000 launches, Queried about these figures,
NABA Chief Engineer Milton Silveira answered: “We don't use
that number as a management tool, We know that the probabil-
ity of failure is always sitting there."®® Sp where was this num-
ber used? In a risk analysis needed by the Department of Energy
to assure everyone that it would be safe to use small atomic reac-
tors as power sources on deep-space probes and to earry hot
aloft on a space shuttle. As luck would have it, Challenger was
not to ecarry the 47.6 pounds of lethal plutonium-238 until its
next mission with the Galileo probe on board.**

Another area of concern was NASA’s unwillingness to wait out
risky weather. When serving as weather observer, astronaut
John Young was dismayed to find his recommendations to post-
pone launches disregarded several times. Things had net
changed much by March 26, 1987, when NASA ignored its
devices monitoring electric storm conditions, launched a Navy
eommunications satellite atop an Atlas-Centaur rocket, and had
to destroy the $160 million system when it veered off course aftar
being hit by lightning. The storm monitors had been installed
after an Apollo command module almost had its moeon trip
aborted 18 years earlier because of storm conditions. Weather,
incidentally, could be held partially responsible for the shuttie
disaster because a strong wind shear may have contributed to
the rupturing of the weakened O-rings.?®

Veteran astronauts were also dismayed at NASA manage-
ment’s decision to land at Cape Kennedy as often as possible
despite its unfavorable landing eonditions, inecluding strong
erosewinds and changeable weather. The alternative, Edwards
Air Force Base in Califormia, is a better landing place but
requires a piggyback ride for the shuttle on a Boeing 747 home
to Florida. This costs time and money.

In 1982, Albert Flores had conducted a study of safety con-
cerns at the Johnson Space Center. He found its engineers to be
strongly eommitted to safety in all aspects of design. When they
were asked how managers might further improve safety aware-
ness, there were few concrete suggestions but many comments

% Hliot Marshall, “Feynman Issues His Own Shuttle Report, Attacking
NASA Risk Estimates,” Science 232 (June 1986), p. 15696, See also Richard P.
Feynman's rendition on the shuttle fiasco and the Rogers Commission workings
in What Do You Care What Other People Think?, as told to Ralph Leighton
(New York: W. W. Norton & Co., 1988).

% Karl Grossman, “Red Tape and Radioactivity,” Common Cause,
July-August 1986, pp, 24-27.

% Trudy E. Bell, “Wind Shear Cited as Likely Factor in Shuttle Disaster,”
The Institute (IEEE) 11 (May 1987), p. 1. For effects of lightning, see Eliot
Marshall, “Lightning Strikes Twice at NASA,” Secience 236 (May 1987), p. 903,




on how safety concerns were ignored or negatively impacted by
management. One engineer was quoted as saying, “A small
amount of professional safety effort and upper management sup-
port can cause a quantum safety improvement with little
expense.”®® This points to the important role of management in
building a strong sense of responsibility for safety first and for
schedules second.

The space shuttle’s field joints are designated “criticality 1,”
which means there is no backup. Therefors, a leaky field joint
will result in failure of the mission and loss of life. There are 700
items of criticality 1 on the shuttle. A problem with any one of
them should have been cause enough to do more than just launch
more shuttles without modification while working on a better
system. Improved seal designs had already been developed, but
the new rockets would not have been ready for some time. In the
meantime, the old booster rockets should have been recalled.

At Morton-Thiokol, Roger Boigjoly’s personal concern had
been heightened by his memory of the DC-10 crash over Paris.
That accident had shown him how known defects can be disre-
garded in a complex erganization. For this reason, he had started
a journal in which he recorded all events associated with the
geals.?” But he probably did not feel that he had the kind of pro-
fessional backing that would allow him to go beyond his organi-
zation directly to the astronauts.

In several respects, the ethical izsues in the Challenger vase
resemble those of other such eases. Concern for safety gave way to
institutional posturing. Danger gignals did not go beyond Morton-
Thiokol and Marshall Space Flight Center in the Challenger
cage, No effective recall was instituted. There were concernsd
engineers who spoke out, but ultimataly they felt it only propar
to submit to management decisions,

One notable aspect of the Challenger case is the late-hour tele-
conference that Allan McDonald had arranged from the Chal-
lenger launch site to get knowledgeable engineers to discuss the
seal problem from a technical viewpoint. This tense conference
did pot invelve lengthy discussions of ethics, but it revealed the
virtues (or lack thereof) that allow us to distinguish between the
“right stuff” and the “wrong stuff.” This is well described by one
aerospace engineer as arrogance, specifically “The arrogance
that prompts higher-level dacigion makers to pretend that factors
other than engineering judgment ghould influence flight safety

e

2 Albert Floras, ed., Designing for Safety: Enginearing Ethics in
Organizational Contexts (Troy, NY: Rensselasr Polytechnic Inatitute, 1882), -
p. 79; Feynman, What Do You Ceare What Other People Think?

2 Caroline Whitheck, “Moral Responeibility and the Working Bngineer,”
Books and Religion 15 (March=April 1887), p. 8.
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decisions and, more important, the arrogance that rationalizes
overruling the engineering judgment of engineers close to the
problem by those whose expertize is naive and superficial by
comparigon.”®® Included, surely, is the arroganece of those who
reversed NASA's (paraphrased) motto, “Don't fly if it cannot be
shown to be safe” to “Fly unless it can be shown not to be safe.”

At Morton-Thiokol, some of the vice presidents in the space
divigion have besn demoted, The engineers who were outapoken
at the prelaunch teleconference and again before the Rogers
Commission kept their jobs at the company because of congres-
sional pressure, but their jobs are of a pro forma nature. In a
speech to enginesring students at the Massachusetts Institute of
Tachnology a year after the Challenger disaster, Rogar Boigjoly
said: “I have been agked by seme if 1 would testify again if I knew
in advance of the potential conseguences to me and my career.
My answer is always an immediate yes. I couldn’t live with any
self-respect if I tailored my actions based upon potential persenal
consequences as a result of my honorable actions.™

Today NASA has a policy that allows aerospace workers with
concerns to report them anonymously to the Batelle Memorial
Institute in Columbus, Ohio, but open disagreement still invited
havassment for a number of years.

Bispussion Topies

1. Chairman Rogers asied Bob Lund: “Why did you change your
decision [that the seals wouid not hoid up] when you changed
hats?" What might motivate you, as a midievel manager, to go
along with top management when told to “take off your engi-
neering hat and put on your management hat'? Applying the
enginearing-as-experimentation model, what might responsible
experimenters have done in response to the question?

2. Under what conditions would you say it is safe to launch a shut-
tle without an escape mechanism for the crew?

3, Discuss the role of the astronauts in shuttle safety. To what
extent should they (or at least the orbiter commanders) have
involved themselves more actively in looking for safety defects
in design or operation?

4. Consider the foliowing actions or recommendations and sug-
gest a plan of action to bring about safer designs and operations
in a complex organization.

2 Qalvin B. Mosller, “Challenger Catastrophe,” Los Angeles Times, Lettors
to the Editor, March 11, 1886,

® Roger M. Boisjoly, Speech on shuttle disaster delivered to MIT students,
January 7, 1987, Printed in Books and Religion 16 (March~April 1987), p. 3.




{a) Lawrence Muiloy represented Marshall Space Flight Cen-
ter at Cape Kennedy. He did not teill Arnold Aldrich from the
National Space Transportation Program at Johnson Space
Center about the discussions regarding the field-joint seals
even though Aldrich had the responsibility of clearing
Chaflenger for launch. Why? Because the ssals were “a
Level Ill issue,” and Mulloy was at Level lil, whila Aldrich
was at a higher leve! (Level If), which ought not to be both-
ared with such details,

(b) The Rogers Commission recommended that an indepan-
dent safety organization directly responsibie to the NASA
administrator be established. An anonymous reporting
scheme now exists for asrospace industry employses
working on NASA projects,

(&) Tom Peters advises managers to “involve everyone in
everything. . . . Boidly assert that there is no limit to what the
average person can accomplish if thoroughly involved. 3

On October 4, 1930, the British airship R 107 crashed about

aight hours into it maiden voyage to India, Of the 54 persons

aboard, only 6 survived. Throughout the craft’s design and con-
struction, Air Ministry officials and their engineers had been
driven by strong politicsl and competitive forcas. Nevil Shute,
who had werked on the rival, commersial /] 100, wrote in his
memolr, Sfide Rule, that “if just one of [the men at the Air Min-
istry] had stood up [at a conference with Lord Thomaon] and

hed said, ‘This thing won't work, and I'll be no party to it. I'm

sorry, gentlemen, but if you do this, I'm resigning, . . . the disas-

ter would almost certainly have been avertad. it was not sald,
because the men in question put their jobs befora their dutye

Examine the R 1071 ocase, and compara it with the Chaflenger

cass; including the pressurss not to delay tha flight.

i ks

0 Tom Patars, Thriving on Chass (New York: Alfred A, Enopf, 1887).
" Mavil Shute, Slide Rule (New York: William Morrow, 1854), p. 140, Alss

=2 Heney Cord Meyer, “Politics, Personality, and Technelogy: Airshipe in the
Manipulations of Dr. Hugo Bekener and Lord Thomaon, 1916-1080," Aerospare
Histortun (Baptorier 1581), 186<72; Arthur M. Squires, The Tender Ship:
Govermental Management of Technulegioal Change (Boston: Birkhansar,
1988,
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