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here were a quarter-of-a-millionpeople
on the lakebedthat morning,awash in,
a sea of Winnebagos,blue bunting,
American flags and network anchor-

men,butmostofthe half-millioneyeswere
trainedonthesky.

Althoughtheycouldn'tseethespacecraft
just yet -- Columbiawas still far out over the
Pacific-- theyhadbeenableto hearthe
exchangesbetweenMissionControlandthe
twoastronautsthanksto loudspeakersouton
the desert floor. "Okay, understand Go for the

deorbitburn,"CommanderJohnYounghadsaidwhenthetimecametofalloutoforbit.
"Thankyounow." :

: Clad in bright orange pressure suits, sitting :?
atop ejection seats, Young and Pilot Robert _ : : _"

Crippen were about to exercise the one : .... : ':'
; capability that made their spacecraft truly ;_

revolutionary: they were about to bring it back
in one piece. All of it. And they were going to
land it on a runway. But first, there was El to
get past. Entry Interface, it was called, the
point at which the spacecraft began to plunge
through denser and denser folds of the , .....

heatandaplasmasheath
as it went. Because this had never been done
before with this kind of machine, because the
avionics were new and highly challenged by

_ whatwastocome,becauseof fragileheat

shield tiles and predictions of a "zipper effect," :_ _.millions of people on the planet below were
watching and waiting.

If even one tile came loose from the
underside,sotheconventionalwisdomsaid,
then the flow of hot gases would work around
andunderthenexttiledownstreamandthen

• the next one, in short order stripping an area
bare of heat protection like yanking on a
zipper. "The two major technology problems .
we had to solve in the orbiter program," JSC
Director Aaron Cohen remembers, "were the
avionics system and the tiles." Now both
elementswereaboutto betested.Itwasan
edge-of-the-seat kind of moment.

"Nice and easy does it John," CapCom Joe _
AllenradioedfromMissionControl,"we'reall
ridingwithyou. We'llseeyouaboutMach12." :
Andthenthecracklingtransmissionsreceded,
itgrewquietontheairwaves,andthespecta-
torsoutonthelakebedtalkedabouthowthis
must be the radio blackout from reentry. The
blackout dragged on, the landing convoy's
engines were idling, and the anticipation
became palpable. The spectators were about
to witness an event unique to history; no one
knew what to expect next.

Still out over the ocean, Columbia was
tripping down through the high Mach numbers,
nose high, in a state of equipoise amidst the
fireball, while the avionics bays hummed with
automatic flight controls at work, firing off jets
and steering through regimes of flight never
before navigated by a vessel with wings. Until
now, it had all been theory. It was still a realm
of vast uncertainty for a flying machine and its
designers, this business of balancing opposing
forces along a sliding scale of altitudes,
velocities and pressures, where every tenth of
a Mach number you passed through was a
distinct and separate place, a different aerody_
namic address.

Now at last the technical heritage of
American high-speed flight research and the
practical experience of sending men to the
Moon had joined to create the granddaddy of
all plane rides. It really was happening. And
when the moment finally came, the engineers
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The Amazing All-Electric Flying Machine
(Continued from Page IB) Heand Fagetweresittingattheman- cubic feet of debris recoveredafter team."Pohlagrees:"Alotofthepeople bringarevolutionaryspacevehicleon

and operators who had slogged agementconsoleinthebackofFtight the Cha//engeraccident.Point,coun- thatworkedonthe orbiterworkedon line.Therewas more."Fromthe very
throughthe lean timesof Reductions ControIRoom-1withGeneKranz,then terpoint. Glowingpraise and harsh theX-15," hesaid."Thentheyworked start,they nevergave us the money
in Force and programstretchoutsto DeputyDirectorof FlightOperations. criticism,successandfailure,triumph onApollo.Sotheyhadtheknowledge weasked for," Loftussaid."So itwas
buildthis machinecouldonly stand At lastthe telernetrystartedcorn- andtragedy. That'sbeenthe wayof ofhowtobuildairplanes,theyhadthe a constant struggleto developthe
and wait, just like everybody else. ing back after more than 16 minutes it over the course of the whole pro- knowledge of how to build rockets, system and it's been a constant

Henry Pohl was one of them, and with no data from the orbiter, S-Band gram. and the kinds of things that you had to struggle to get adequate funding for
he still marvels at how rocketry and through the Western Test Range at Even in the afterglow of STS-1 at be concerned about when operating spares and for all the kinds of things
aeronauticscametogetherthatdayin first, then through the Buckhorn sta- the very inception of the flight pro- in the space environment." that are productivity enhancing."
theshuttleprogram."Mostpeoplecan't tion, showing the Columbia to be do- gram, the shuttle was already being The designers of the shuttle, in Forthe person runningthe Orbiter
appreciatethat the shuttle,when it's in ingMach10.3at 180,000feet,"exactly seen astoo muchofonething and not otherwords, hadjustsent peopleback Project at the time, the budget situa-
orbit up there, is going eight times nominal," the flight dynamics officer enough of another, depending onthe andforthtotheMooninoneofhistory's tion was "very severe and very hard."
faster than a bulletwhen it leavesthe noted, viewer's perspective. "All but forgot- great adventures. They thought ex- But Aaron Cohen is quick to point out
muzzle of a 30.06," said Pohl, JSC's At 151,000feet,travelingmorethan ten amid America'ssudden love affair pansively in thosedays. In thatsense, thatwhen the budget axe hadto fall, it
Director of Engineering. "It's an air- 8 times the speed of sound, Crippen with the shuttle," TIME said as only their plans for operating the shuttle generally fell on the schedule, not on
plane. But we launch it like a rocket, saw coastline ahead. "What away to TIME can, "were its $9.9 billion price fleet and their baseline assumptions qualityand not onsafety. "1don't think
We kick it out of orbit halfway around come to California!" he called. The tag,allthoseloosetiles, theexploding about howwewould dothejob, and wemadeanyshortcutsinthatsense,"
the world, dead stick, no engines. It worst of the waitingwas over. Theory engines, even the last-minute corn- what toolswould be required,were at he recalls, "butwhen I had a problem,
flies like a rock, yet we set it down on was becoming reality, puter failure, to say nothing of the least a generation ahead of the hard- I couldn't solve it as rapidly because I
therunway, andwedoittimeandtime Even though still hypersonic at inevitable jokes about America's ware.Backthen, theythoughtinterms couldn't go with parallel approaches.
again." Mach 6, heading down toward Mach 'space lemon,' and 'flying brickyard.' of a rough and ready, rugged and I had to pick an approach and then

It comes down like a rockfor good 5, theColumbiawasnowinthefamil- Could past scorn actually have in- robust 4-wheel drive of a spacecraft, hopeitwasright, ratherthangodown
reason,explains MaxFaget, who had iar territory of flight regimes first pio- creased the passion of this new em- capable of bouncing around the back twoorthree pathsatthesametime, as
Pohl's job during the long years of neeredbytheX-15. "lt wasaquestion brace? The shuttle had become a roads of space with a vast array of wedid in the Apollo program.We had
shuttle development. "There never of getting this flying machine down kind oftechnological Rocky, the bum redundantsystems, fourdeepinmany to be much more accurate on the
was a machine imagined like the from orbit and into flight conditions who perseveres to the end, the un- cases, to provide defense in depth solution we picked before going for-
shuttle before there was a shuttle," thatweunderstood somethingabout," derdog who finally wins." against hardware problems and ward in the shuttle program, andit did
Faget said. "Embodied in that one Kranzremembers."Wehadbeenthere And this was after only one flight, ground processing headaches, slow us down somewhat."
machine you have a launch vehicle, before." Over the decade that followed, the That defense in depth, known as Poht remembers the technical
you'vegot a spacecraft,andyou've And that was quad redun- horsetradingthat went on in those
got a reentryairplane,not a reentry whenKraftturned dancy,hadanodd days,such as the timewhen his old
vehicle. Priorto theshuttle,whenthe toFaget,evenbe- sounding acro- Propulsion and Power Divisionde-
Apollo came down, it just fell down. forethetwinsonic nym (even for leted a fourth fuel cell and auxiliary
They didn't fly down, they fell down. booms were NASA)toexpress power unit during a weight reduction
There was no way it could support heard over Call- its method of op- exercise. He still speaks of it as if the
itself in the airon wings, so it fell. And fornia, and said, eration: FO/FO! division hadto offer up a kidneyanda
everybodyknowsthatifyoufalldown, "Wehavejust be- FS.Thatstoodfor lung,and remembershowtoughthe
you're goingto get down. So it was a come infinitely Fail-Operational/ choices were. "And I don't think a
much easier maneuver. There was smarter." Fail-Operational/ person can give Aaron Cohen too
nothing tricky about it." There was Fail-Safe. Safe much credit," he says next. "His te-

The shuttle, on the other hand, plentyof enthusi- enoughtogetyou nacityandjust beinghard-nosedand
must remain perfectlybalancedon its astic agreement home even if being able to deal with an enormous
wings throughout the longsteep drop on that point, and three strings number of problems simultaneously
to Earth,said ChrisKraft,formerJSC notjust in Nassau cratered, and for early in the program,notcaving in to
Directorand an engineerwith some Bay, where they anythingshortof thewhimsof everybody,was one of
experience in the world of flight con- blocked off the that, youjust kept themajorcontributionstothesuccess
trol systems. "The way you balance streets and had a onoperating.And of it."
somethingiswithpureforce,"hesaid, landingparty,just I a u n c h i n g. In the end, they couldn'tdo it all,
"andthose forcesare totally known like the splash- Strangeas itmay however, they couldn't make the
becausethere are no aerodynamic downcelebrations seem today, the shuttle all things to all people and
forces (on the orbiter) above about of Apollo. All over originaldesignin- somehow also manage to achieve
Mach 10. The real problem was be- the country, pride tent of the pro- every one of the enormous promises
tween 8 and 1." ran deep after gram was to be that were made. It is illuminating, in

And it was that region of the entry STS-1. Itwasthe able to absorb 1991, to consider just some of the
profile which requireda tool of the same sort of dy- hardware prob- elementsthatwerea partofthelist of
trade called a Monte Carlo analysis, namic, although lemsandkeepthe things that said, "here's how you can
In that procedure, Kraft explained, onasmallerscale, missions going, launch 60 shuttle flights each year."
aerodynamic parameters were plot- astheone atwork People intended The list included a baseline of seven
tedagainstdifferentMach numbers in in America today _ ......... tolaunchwithone orbiters,three launch pads, two or-
random combinations. Theideawas in the euphoria ............. out of five corn- biter processing facilities, adequate
to first fashion an aerodynamic curve followingOperationDesertStorm. The aura of expectation surrounding the puters down, for instance, and the spare parts, regular Florida landings
along which the shuttle would fly, a newsweeklies ran cover stories, the shuttle gave way to the realities of very nature of the processing time andalargepercentageofhighlystan-
corridorwheretheflightcontrolsystem morning shows clamoredto interview launch scrubs, schedule slips, requiredwaspredicatedonthenotion dardized commercial satellite de-
would be designed to guide the ship Young and Crippen, the Sunday remanifested payloads, upset and that not every system or subsystem ployment missions. In one way or
through precise forces at specific ve- supplements ran picture pages, and verycriticalcustomersand,ultimately, would becheckedout betweenflights, another, for one reason or another,
Iocities, compensating for changing people generally felt good about the the cauterizing spectacle of the The redundancy in the hardware, it none of those baseline assumptions
conditions all the way down. Then country's very visible leap forward in Challenger accident. "There was an was thought,would precludethat ne- was met,yet theexpectationsplaced
they expanded that envelope above space exploration, aura of expectation," said Joe Loftus, cessity, on the shuttle scarcely lessened.
and belowthe curve by adding varia- TIME said the flight was "a much assistant director for plans, "and the Sotheshuttlewasstyled assome- Despiteallofthosethings, workon
tions to the flight control settings, needed reaffirmation of U.S. techno- failure to meet some of those expec- thing of a space truck, fitting enough the shuttle program continued, and

"Thereareabout40majoraerody- Iogicalprowess. ltcameatamoment tations has totally obfuscated since the design team was based in now the fleet isflying. The tenth anni-
namicparameters, giveortakeafew," when many Americans, and much of anybody's actually looking at what's Texas, but there was more to it than versary of STS-1 is a good time to
Kraft said, "and within this envelope, the world as well, were questioning been accomplished. Sothe disparity that.ThepeopleofApollohadseenall reflectonjusthowcapablethevehicles
atanygivenMachnumber, wetookall that very capability." TIME said we between the expectation and the real- sorts of heavy duty adventure take have turned out to be, despite the
40 of these parameters and ran them were troubled a decade ago by Viet ity creates the sense that it's a de- place eight light seconds away onthe shuttle's bad press.
in a totally random way, 1,000 times Nam, Japanese cars, Three Mile Is- bacle, while in fact the achievement Moon's near side. There was no rea- There areveryfewAmericanswho
foreachMachnumberuntiltherewere land andthefailed hostage rescue at has been impressive." sontosupposethatwould bedifferent realize, for example, that the space
zero, zero failures. Zero." aplacecailedDesertOne. Newsweek Another problem for the shuttle, in the future. "1 think what we are shuttle is one of the most reliable

They even went so far as to break said,"AllAmericans hadtherightstuff Pohl said, is the finite size of the finding difficult is that since the '60s, launch vehicles the world has ever
theMachnumbersdownintotenthsof again: and it turned out to be Nomex research and development pie from society has become far more risk known, with a success-to-failure ratio
Mach numbers, threw all the param- feltinsulationandheat-resistantsilica which all pieces must be cut and aversethanwasthecasepreviously," of .974, with 1 being perfect. More-
eters back into the hopper, and then tiles, 31,000ofthem fittingtogetheras served. "The way our environment is Loftus noted, over, most Ameri(_ansdo not realize
ran it until they could go a thousand seamlessly as Arizona and New set up, everybody that wants to sell All ofthis helps explain howit was, that this number is made even more
times without a glitch. "If we had a Mexico." something hastogo knocksomething in the days before Saigon fell, in the impressiveby the fact that, Loftuswill
singlefailurewewentbackandmade Looking back on it now across a else," hesaid. "There'salways some- yearsbefore Watergatetook its toll, in tellyou, launchvehiclesusuallyexpe-
acorrectiontothesystemuntilwegot gulfofmemoriesl0yearswide, such body that can gain something from thefirst half of the '70s before disco rience more failures in the early years
1,000 runs without a failure for every sentiments seem quaint. Over the thisotherprogram,andtheycanshow strangled rock'n roll and infected a ofoperation, beforetheyhitastrideof
Mach number," Kraft said. past decade, the shuttle has become youjust howcheaply their new widget decade, that NASA went forward with design maturityafter 100or so flights.

They used wind tunnels to predict the aerospace world's most visible can be made. Paper airplanes never plans for a space station and for a But the shuttle, with 38 flights, has a
what the parameters would be along lightning rod, a waste to some, an art have problemswith hydrogen leaks." reusablevehicle to get people there, higher reliability ratingthan any other
the corridor, measuredtheir ability to form to others, a machine with wings But many believe the shuttle's And back. U.S. booster. Ariane, the only other
predict these phenomena,and pored that flies not only in outer space and problems of perception go well be- "Very early on in our discussions vehicle designed in the '70s and op-
over flight data from researchaircraft the Earth'satmosphere,but also plies yondscheduleslipsor hydrogenleaks, with the Office of Management and erated in the '80s, hadfive failures in
such as the X-15 andthe YF-12. Not the murky realm where budgets, sci- The problems, some say, go all the Budget,"Kraftsaid, "wefound out that the first 40 flights.
yet satisfied, they tweaked the re- ence and politics all meet. way back to the beginning of the we couldn't build what we wanted to How many Americans are aware,
sponsiveness of the controls by add- But then, diversity of opinion has program to what one space reporter, build. And .we had to compromise as another example, that the shuttle
ing gains to the system, damped out always been one of the common Morton Dean of ABC News, called greatlyin order to get the program to has launched almost half of all the
and tight inone place, high and loose threads in the spaceshuttle tapestry. "originalsin."Andthatwasthepromise fit into the budget that people were mass that the United States has ever
in another. They varied the gains all It was President Nixon himself who, that the shuttle would drastically re- allowing us to have. We estimated deployedtospace? Mostofwhatthey
through those Mach numbers, Kraft having just announced that the U.S. duce the cost of getting a pound of $15 billion to build a totally reusable see and read tells them only that
said, adjusting the flight path angle would proceed to build the shuttle, cargo into orbit by flying 60 times a machineandtheysaid,'Youcanhave one launch or another has been de-
here, the angle of attack there, until alluded to the controversies of this year, along the lines of a spacegoing five.'And we ended up compromising layed, or that one mission or another
the aerodynamic factors, thethermal next step when he quoted Oliver airline.Whenthatdidn'tpanoutinthe at a fixed price contract of about $6.5 has moved into or out of a given
constraintsandthestructuralintegrity Wendell Holmes: "We must sail '80s--whenitdidn'tevencomeclose billionwithabilliondollaroverrunpos- calendaryear, lt'sliketryingtoassess
of the vehicle were all harmoniously sometimes with the wind and some- tohappening--thecriticslitintoNASA sibility." how the railroads shaped westward
balanced, times against it, but we must sail, and for oversellingthe program. It never got any easier after that. A expansion and America's manifest

There was nothing harmonious notdrift, nor lie at anchor." That was To understand why those prom- slowdown hit the aerospace industry, destinyinthe19thCenturybyfixating
about the waiting, however, as Co- January 5, 1972. Fifteen years later ises were made, one has to return to thousandsofengineerslosttheirjobs, on whether the 3:10 to Yuma actu-
lumbia took the hypersonictoboggan -- to the day -- the headwindswere the heady days of Apollo. "You could Reductions in Force swept NASA, ally got to Yuma at 3:10 p.m. on Aug.
ride back to Earth. "Even with all of blowing as work crews opened an not have built the shuttle without the and the civil service complement at 21, 1889. Historically speaking, it
that testing," Kraft said, "1still wasn't abandoned Minuteman test silo in Apollo heritage," Loftus said. "You JSC hadto be reduced inthose years doesn't matter if the train was late on
sure this sonofabitchwas gonna fly." FIoridaandbegan [nterringthe20,000 couldn't have done it with another from4,800to 3,200.All whiletrying to PleaseseeAMAZING, Page4B
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STS-1 Crew Remenlbers Pride, Satisfaction of First Flight
By James Hartsfield The biggest surprise for those shuttle. Iwanted to stay up there anothertwo serves as a special assistant to JSC

Columbia launched the space aboard Columbia duriingits baptismal "There were a lot of things that or three days and see how it really DirectorAaron Cohen -- and both are
shuttle program a decade ago, butfor tripwasthesirnplefactthattherewere people could see when we got back worked. But before we flew, there stillinspired."l'vealwaysthoughtthatthe
the two men who flew it, someofthe no surprises during the first flight, and looked at the data. Onascent, it wereoneswhowantedtogoarounda shuttlewas the real way to flnd out how
strongest memories came later. "We prepared forsomanydisaster pitched up and solid rocket booster rev and then land. So we thought we to use space," Cdppen explained. "1

"Right about then, everybody was scripts in simulations where every- staging was about 10,000 feet high, were very lucky to be up for two days believe that it has proved itseffto be a
downonthe United States. Twoweeks thing went wrong. And so little went and, on entry,we had a big side slip," or so. We could have done it (orbited fantasticflyingmachine, Workingon itis
before we launched, they (news re- wrong, in terms of start to finish, that Young said. "That's what we were longer), but nobody would let us." very satisfying to me personally. I'm
ports) said the space shuttle was a that is probably the roost memorable supposed to be doing with the first "Entry was a big unknown," added proudofwhatthe shuttlehas done, but l
lemon," STS-1 Commander John thing, "Young explained. "Thewhole mission, looking at those kinds of Crippen. "But I didn't find ittense. In thinkitcan dobetter."
Young said recently. "But after we mission was just like we planned it. things. Fortunately, the control sys- fact, one of the hardest things to do '1 think the shuttle program is still
launched, it reallychanged everything. We didn't run into anything we didn't tern was set so that you could do that was to keep your mind on the job and new," Young added. "Andthere's great
And after the flight, when we went all expect. We did lose some tiles on the kind of stuff and get away with it. It not spend time sightseeing out the opportunityto improve the shuttle. You
over the country and talked to every- OMS pod, but that was about all we was very tolerant of not having to windows, because itwas really spec- couldimproveittremendouslyfromwhat
body -- we made about 400 appear- could see onboard." know the exact aerodynamics to fly tacular." weknownow. There'sawholenewsuite
ances in about three months --you Although there were few problems properly." Cnppenalsowouldhavelikedalonger of avionicsout there that's been devel-
could see a lot of good spirit coming apparent on board, the test flight did For many of the shuttle's design- firstflight. "Honestly, Iwassobusyallthe oped. It'sa Iotoffuntostill be involved in
back. It was a shot in the arm to the find unanticipated ers, thereentryofSTS-lwasthe time, thatldidn'tgetachancetosit the program. You leam something new
patrioticspiritandtothegetupandgo events. But the most intense period of the backandenjoyitlikelwanted every day. Each mission does have
spirit that's inherent in the people in events were not flight. But on board, con- to. I didn't get to do that until special con_butions it's making to sci-
this country." seen until after fidence was high. my subsequent flights," he ence and technology in the country. All

For STS-1 Pilot Robert Crippen, landing. Thefact "Don't ask me why I said. ofthesethingsarereallygoingtochange
one of the strongest memories of the that they posed knew reentry would After 10 years, the thewaythatweliveandit'sreallyhardfor
mission also comes not from space no problems dur- work. I just had a feeling commander and pilot of people to see that."
but from Earth. ing the flight was when we started reenter- STS-1 are both at the top Although the shuttle program has

"One thing that has really stuck in testament to the levels of management of had setbacks,they are simply the work
my mind wasn't during the flight or forgiving quail- great,'Youngsaid. "But the shuttle program -- involved with operating such a vehicte,
even right after the flight. It was the ties designed the shuttle was Crippen directs Young said, and the future is bright.
travels that John and I made," the into the workingsowell, theprogram "There are no slick management
Navycaptainsaid. "Everywherewe andYoung schemesinworkingthespaceshuttle.
went, we felt the sense of pride the There just aren't," Young said. "You've
countryhad. Peopleeverywherefelt gottofigureoutawaytodo itandthen
theywere a real part in it, not just in this just do it. It's plain old engineering.
country, but abroad as well, from Eu- "1think the people, the maternal care
ropeto Australia. It wasout there, andtheattentiontodetailthateverybody
from small towns to big cities. When has to give to this program to make it
you see people react to something like work rightare hanging inthere and doing
that,itgivesyouaverygoodfeeling,a it. Thereisn_anythingmagicaboutit.
good feeling of satisfaction." New technologies that allow you to do

Young had flown three different things lighter, and better engines, are
spacecraftandwalkedon theMoon reallythekeystothefuture."
before he flew the shuttle, yet the The spirit and dedication of those
beginning of the space shuttle was involved with the shuttle made STS-1
surprisingly different, work, and they also are the key to its

"We had parades in Apollo where successes to come, Crippen said.
nobodycameexceptthepeoplewho 'Theamountofteamworkthatwent
were in the parade," he said. "But we into itthen and now is exceptional It is a
had parades all over the country after marvelous flying machine, and it is a
STS-1 and there were all kinds of terrificteamthatbuiltit. And itisaterdfic

people there." team that flies it," he added. []

Decade of Accomplishments: Space Shuttle Statistics 1981-1991
Mission Orbiter Launch/ Times People Days Man-Hours Orbits Maximum Statute Total No. Orbiter Pounds Payload Payload EVA

Landing Orbiter Flown* in Orbit in Orbit Altitude, Miles Payloads Weightat to Orbit Deployed, Returned Man-Hours
Dates Flown n.mi. Flown** Lift-oil, (notincludingIbs toEarth,

Ibs Orbiter) Ibs

STS-1 Columbia 4/12-14/81 1 2 2.25 108 37 145 1,074,567 1 219,441 10,823 0 10,823 0
STS-2 Columbia 11/12-14/81 2 2 2.25 108 37 137 1,074,567 6 230,939 18,778 0 18,778 0
STS-3 Columbia 3/22-30/82 3 2 8 384 130 128 4,400,000 7 235,556 22,710 334 22,710 0
STS-4 Columbia 6/27-7/4/82 4 2 7.04 338 113 172 3,300,000 8 241,772 24,492 816 24,492 0
STS-5 Columbia 11/11-16/82 5 4 5.1 490 82 160 2,110,849 9 247,113 32,080 14,585 17,495 0

STS-6 Challenger 4/4-9/83 1 4 5.04 484 81 155 2,094,293 9 256,028 46,971 37,546 9,425 7.06
STS-7 Challenger 6/18-24/63 2 5 6.13 735 98 170 2,530,567 15 249,363 37,124 18,122 22,175 0
STS-8 Challenger 8/30-9/6/83 3 5 6.04 725 98 166 2,514,478 16 242,912 30,076 7,445 22,631 0
STS-O Columbia 11/28-12/8/83 6 6 10.33 1,468 167 135 4,295,853 1 247,807 33,264 0 33,264 0

STS-41B Challenger 2/3-11/84 4 5 7.96 955 128 176 3,311,379 18 250,483 33,868 14,863 19,005 23.22
STS-41C Challenger 4/6-13/84 5 5 6.96 835 108 272 2,870,000 7 254,555 38,266 26,396 16,870 20.20
STS-41 D Discovery 8/30-9/5/84 1 6 7 1,008 97 179 2,490,000 11 263,477 47,516 30,080 17,530 0
STS-41G Challenger 10/5-13/84 6 7 8.23 1,382 133 190 3,434,444 23 242,791 23,465 4,949 18,516 6.96
STS-51A Discovery 11/8-16/84 2 5 7.98 958 127 195 3,289,406 3 263,325 45,306 22,764 24,653 24.48
STS-51C Discovery 1/24-27/85 3 5 3.9 468 49 185 1,276,303 D0D
STS-51D Discovery 4/12-19/85 4 7 6.98 1,173 110 251 2,889,755 11 250,892 35,824 22,576 13,248 6.34
STS-51B Challenger 4/26-5/6/85 7 7 7 1,176 111 193 2,890,383 4 247,291 31,407 105 31,302 0
STS-51G Discovery 6/17-24/85 5 7 7.07 1,187 112 209 2,916,127 14 256,422 44,477 25,049 21,645 0
STS-51 F Challenger 7/29-8/6/85 8 7 7.94 1,334 127 173 3,283,543 7 252,629 34,400 628 34,400 0
STS-511 Discovery 8/27-9/3/85 6 5 7.10 851 112 242 2,919,576 4 262,310 43,988 30,546 13,542 23.70
STS-51 J Atlantis 10/3-7/85 1 5 4.07 488 64 278 1,704,406 D0D

STS-61A Challenger 10/30-11/6/85 9 8 7.03 1,349 112 180 2,909,352 2 243,763 31,861 150 31,711 0
STS-61B Atlantis 11/26-12/3/85 2 7 6.88 1,155 109 209 2,838,972 12 261,610 48,041 27,577 20,464 24.68
STS-61C Columbia 1/12-18/86 7 7 6.08 1,022 98 185 2,528,658 25 256,003 32,462 12,351 20,111 0

STS-51 L Challenger 1/28/86 10 7 12 268,830
STS-26 Discovery 9/29-10/3/88 7 5 4.04 485 64 178 1,680,000 13 254,607 46,478 37,514 8,964 0
STS-27 Atlantis 12/2-6/88 3 5 4.38 525 70 244 1,849,240 D0D 240,861

STS-29 Discovery 3/13-18/89 8 5 4.98 598 80 163 2,000,000 9 256,358 38,097 37,546 551 O
STS-30 Atlantis 5/4-8/89 4 5 4.04 485 65 161 1,681,997 4 261,119 45,930 45,799 131 0
STS-28 Columbia 8/8-13/89 8 5 5.04 605 81 166 2,100,138 D0D 245,160
STS-34 Atlantis 10/18-23/89 5 5 4.98 508 80 177 2,000,000 9 257,569 48,643 38,323 10,320 0

STS-33 Discovery 11/12-27/89 9 5 5 600 79 302 2,115,789 D0D 266,578
STS-32 Columbia 1/9-20/90 9 5 10.86 1,305 172 178 4,509,972 9 255,994 26,488 15,316 21,393 0
STS-36 Atlantis 2/28-3/4/90 6 5 4.44 533 72 132 1,851,408 D00 246,129

STS-31 Discovery 4/24-29/90 10 5 5.05 606 60 330 2,068,213 9 249,109 28,673 23,905 4,768 0
STS-41 Discovery 10/6-10/90 11 5 4.02 482 66 160 1,707,445 10 259,594 44,107 38,603 5,504 0
STS-38 Atlantis 11/15-20/90 7 5 4.92 590 79 142 2,033,639 D0D 265,922
STS-35 Columbia 12/2-11/90 10 7 8.96 1,075 144 190 3,755,293 4 256,447 29,806 0 29,806 0

TOTALS 199 225.07 28,688 3,572 189 94,300,612 292 9,061,659 1,055,421 533,898 546,427 136.68
Avg

SOURCE:JSC FLIGHTDATA AND EVALUATIONOFFICE
*Usesnumber increw; totalindividualswho haveflown,notincludingreflights,is 119.
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Future Brightfor Maturing The AmazingAll-Electric
Space ShuttleFleet FlyingMachine
By Karl Fluegel ing to us a lot morethanwhat Iwould (Continued from Page 2B) timesasmuchtolaunchoneofthose

AstheSpaceShuttleProgrambe- callsmoothprocessingis happening Aug.21,1889. The fundamentalreal- as it costsyou to launcha shuttle.
gins its second decade, Columbia, tous,"Germanysaid."So Iwouldsay ityisthatthe nationmovedwestward And yet they say the shuttle is too
Discovery, Atlantis and Endeavour, to get to 10 flights per year on a byrail, expensive."
will shed their training wheels and consistent basis is going to be a big The larger picture escapes the But how does that square with the
shift into a new era of operational job for us." public becauseitis verycomplicated, generally accepted notion that the
accomplishment. Orbiter processing also will and because by andlarge the public shuttle has siphoned off vast sums of

"1think we'reon the verge in the beenhancedwhenmis- hasneitherthemeans money from science programs,
next year or two of demonstrating, sionsroutinelyland nor the motivation wrecking a golden age of planetary
yeaverily,thisvehiclewilldowhatwe atKSC. Aseriesof to add up all the reconnaissancein the process?
sayitwill do andthatwe havelaid in improvements in- numbers,and cer- The easy answer is, it doesn't,
place all the right plans to make it a cluding redundant nose- tainlythenation'snewsmediadoesn't because none of that was ever true.
robust, varied program with a high wheelsteering,thenewcarbonbrakes do it. "Contrary to general belief," Loftus
degree of confidence," said Leonard and drag chutes coming online with One who does have the means said, "the agency spent less money
Nicholson, deputy director of the Endeavour and the Columbia modi- meet. Itwill provide transportation to and the motivation to add up the on transportation in the '80s than it
Space Shuttle Program. fications have increased the comfort retrieve and repair satellites. It also numbers and assess the big picture spent in the '60s, and more money

Delivery of Endeavour, OV-105, level for landing at KSC. will provide the platformfor construc- is Loftus. 'TII give you a chart," he on the operations of science, TDRS
expected later this month, will round "We just recently polled the corn- tion of Space Station Freedom. will say, "that shows for all intents and all the data networks."
out the orbiter fleet and will be the munity and l think everybody is to the "Theshuttle is aworkhorse," Ger- and purposes we've launched l ,200 Another shuttle strength not gen-
next major milestone for the shuttle point of saying if we can meet our many said. "It's the way you get to tons of payload every decade. It erally recognized isthat its 20-year-
program, flight rules, we're readyto start going zero-G and get home. It's the way took us 215 launches in the '60s, old design is still state-of-the-art in

"By having another vehicle we back to the Cape very shortly." youtakecrewsupthereandgetthem 152 launches in the '70s and 102 manyareas, includingcomputerized
won't be as hardware poor, so to Nicholson said. back. It's the way you take payloads launchesinthe'80s. Theshuttle,with flight control, air frame design, the
speak, which is where we've been Still, the fast-changing weather in up there and bring them back. Right 41 percent of all U.S. launches, has electrical powersystem, the thermal
ever since we lost the Challenger," FIoridawill remaina concern, hesaid, now there is no other manned space launched 41percent of all the mass. protection system and the main pro-
said Dan Germany, manager of the While being checked out at hardware capable ofdoingthat inthe Not including the orbiter." puision system. It is the one vehicle
Orbiter Projects Office. Palmdalethisyear, Columbia alsowill stable of the USA. This is it, and we During Apollo, the measure of flying that offers any sort of mean-

Endeavour, the first new orbiter in be outfitted as the fleet's extended plan to use it for the next 30 years." mass deployed to space included ingful capability to return payloads
sixyears, will fly itsmaiden voyageon duration orbiter. Itwill then havethe Whereas the first 10 years have the Command and Service Module totheEarth, andhas, infact, brought
STS-49 in May 1992 to rendezvous capability to remain in orbit for 16 been a decade of development, the andtheLunarModule. Imaginehow more than half-a-million pounds of
with and repaira disabled INTELSAT days and will demonstrate the capa- next 10 will be a decade of growing the numbers would change today if cargo back to the planet. And it also
communications satellite, bilityduringa13-dayflightonSTS-50 operations. NASA included the launch of a is the only man-rated vehicle type

"We will for the first time be in a now manifested for June 1992. "lthinkthenext 10yearsaregoing winged vessel of exploration in the now being emulated by all of the
posture where we have margin to And staying on orbit longer will be to be the proof of the pudding, soto measure of mass sent to space! other major spacefaring powers.
make our manifest," Nicholson said. thenextfrontiercrossedbytheSpace speak," Germany said. "The first 10 Beyond that point, however, is the In the end comes the question of
"We'll have sufficient number of orbit- Shuttle Program. years have been 'Let's get our sea spectre of another "truism" that crit- how the shuttle will rank in the vast
ersand, alongwith Endeavour,anew "1think the tendency to use the legs under us,' or 'Let's get used to ics trot out with some regularity pantheon of flying vehicles. Faget
processing facility at the Kennedy EDO capability will grow," Nicholson the training wheels on the bicycle.' wheneverit'stimetobashtheshuttle offeredtheperspectiveofanexperi-
Space Center. We will be in, for the said. "We're also putting the basic We're ready to take training wheels again. The Saturn V, they say, was enced aerospace designer: "When
first time, what I call an operational provisions in OV105 (Endeavour) to off and get onwith more of an opera- far more reliable than the shuttle is we first broke the speed of sound,
posture." allow it to be an EDO. I intuitively tional program as much as this pro- today, abletosendupfarmorecargo, we did this in a research airplane.

A fifth orbiter could come into the believe that that capability is going to gram can ever be operational, and would be much cheaper and After we flew that airplane a dozen
fleet in late1990s,Nicholson said,but be something that people find very 'Tm looking forward to the next l0 lesscomplicatedtooperatethanthe times we discarded it, put it into a
national prioritiesas described by the useful and will be requesting more years. I think we're going to start orbiter fleet. Itwas agross mistake, museum, and then got to work on
Advisory Committee onthe Futureof and more of." showing a much better return on the theysay, toreplaceitwiththeshuttle, designing airplanes based on the
the U.S. Space Program now call for No matter what the flight rate, the investment, for all the money the "The truth of the matter is," Pohl knowledge we gained from it. When
the development of a new heavy-lift Space Shuttle Program will continue country has put into this program and said, "if you go back and look at the we flew up to Much 3, then Much 6,
launch vehicle, to challenge the limits of mankind's it'sgoingtobeveryexciting." [] number of people that worked on none of these machines was used

In May, Columbia will drop from ingenuity. More and more fre- building those stages for every operationally. Theshuttleisthefirst
the manifest for a few months as it quently, the shuttle will launch, and you one that.., flew this tremendous
undergoesstructuralinspectionsand provide a translate that Muchnumberrangebut it also did
several modifications as part of the laboratory into today's the job of a launch vehicle and a
standardorbitermaintenanceplan. in the mi- laborrates, spacecraftthatcouldstayinorbitfor

Discovery will follow Columbia to cro-gravity it'll cost days or weeks at a time. lf it is a little
Palmdale in February of next year as environ- you three bit wanting in some of its operational
will Atlantis in July 1992. features, I think it's excusable. What

Modifications to the orbiters over I'm trying to say is, maybe the sec-
the next decade will gradually up- _. ond and third generation shuttle
gradethefleet,Germanysaid. couldbe reallygood,but I don't

"Thetechnologytheshuttlewas knowhowyoucanmakethethird
builtonwaslike1970,sowe'reabout generationshuttlewithouthavingthe
20yearsbehindthetimes,"hesaid, firstandsecondgenerationshuttle.
"It's very difficult now to replace the We are still learning."
hardwareandtomakereplacement _. Theshuttleisastunningexpres-
(parts) because no one is using that ' sign of the art of engineering. It was
technology in the aircraft industry." , the very finest that could be done

Cockpitinstrumentationupgrades, withthetoolsathand,andnoother
newauxiliarypowerunitsandanew _ nationcouldhavereachedas far
dragchutesystemeventuallywillbe _ andachievedasmuch.Thespace
installed in all the orbiters. / shuttle can't do everything perfectly,

"Thereareanawfullotofsmaller itcan'tevendosomethingsaswell
things," Nicholson said. "The list is as other vehicles. But anybody who
pageslongthat folkshavebeen reallydoesexpectit to performat
working on that will be incorporated DEDICATION--Thisspecialissueof SpaceNewsRoundupis dedicatedto all ofthe menandwomenwhohavegivenof such an exotic level of perfection

isn't firing on all thrusters anyway,
into the system. Many of them are themselvest0crealeandflyAmerica'sspaceshuttle,thew0rldsfirstreusablespacecraft.TheirdedicaUonandsacrificehas,andcertainlydoesn'tunderstandtheenhancementstothesystemto allow
the turnaroundat KSC to be short- stonebystone,builtanewhighwaytotheheavens.It goesouttothefamilymemberswhoencouraged,supported,endured truechallengeofspaceflight.Tothe
ened." andrejoicedintheireffortsandaccomplishments.Itespeciallyhonorsthememoryofthosewhohavediedbuildingortraveling engineers who builtit, the shuttle will

Improvingorbiter turnaround at thathighway,includingtheSTS-51Lcrew--DickS¢obee,MikeSmith,JudyResnik,El0nizuka,RonMcNair,Gre0.larvisand always be a miracle.
Kennedy isthe keyto meetingmani- ChrislaMcAulitfe. ChrisKraft tellsthe storyofwant-
fest requirements, Nicholson and ing to design automobile engines

Germany agreed. IngeniousPiggybackConceptBorn at JSC before airplanes lured him to aero-
"The experiencethatwe've had is nautics, and how his high school

that ittakes us longer to process than physics teacher back in Hampton,
we'dlikefor it to,"Germanysaid. Va, gavehimanearlyinsightinto
"That comes about for a variety of By PareAIIoway management and, despite numer- lems encountered with the experi- the profession. "He always said,
reasons. Themechanicsofpr0cess- While many engineers were ous roadblocks, built a miniature ment. 'Young man, if you really get to be
ingare very labor intensive. Some of working on various aspects of the orbiter that could ride piggyback on "One thing we did learn was that that kind of engineer, when you see
that is due to the complexity of the shuttle in flight, one JSC engineer a Boeing 747 scale model. He did it our orbiter models, which of course that automobile drive down the
hardware and some of it is due to the was concentrating on getting the on his own time, in his own garage, had nostabilityororientation,weren't street, you will not see that automo-
checks and balances laid in place." shuttle from its landing site, gener- mostly at his own expense, flyingwellwiththetailconeinstalled," bile at all. What you will see are

Currentlytheshuttlemanifestcalls ally Edwards Air Force Base in "No one thought it would work," Kikersaid. "Wetriedflightafterflight those pistons going up and down,
for six flights this year and eight in California, to its launch site at said Kiker, who retiredfrom NASAin and hadmanycrashes. Sowetalked and the camshaft going around and
1992. An average year's manifest Kennedy Space Center. 1980 but nowisan engineering con- to our aerodynamics people and the spark plugs going off and the
will provide for 10 flights per year. J.W. Kiker, a Iongtime aircraft sultant for Lockheed. "But it was an asked what we should do." flame burning inside that cylinder.'
Both Nicholson and Germany agreed model builder and aviation enthusi- attempt to show the center and the Aerodynamics engineers recom- And he was right," Kraft said.
that launching 10times a year is well ast, was a branch chief in the Engi- world that this was the way to do it." mended Kiker partially deploy the After a decade of flight, with expe-
within the grasp of the program's ca- neering Directorate's Mechanical So on a warm day in 1977 Kiker, models'speed brakes andbody flap, rience both triumphant and tragic to
pabilities. Systems Division in the late 1970s. fellow JSC engineer Kirby Hinson, which helped, guideour perceptions, it's easy to get

"1 think 10 flights per year is cer- He'd seen a lot of airplanes as a boy and dozens of others gathered in a Getting the orbiter to land bogged down and lose sight of that
tainly doable," Nicholson said. "It's working at a North Carolina airport JSC field and watched Kiker's 1/ smoothly continued to plague the same kind of magic. Perhaps it was
within the capacity of the system and and as a flight instructor for the Air 40th scale radio-controlled 747 and experimenters but a new tail cone Bob Crippen who summed it up best
ourchallengeistomaketheflightrate Force. While others were talking orbiter models take off, separate in configuration enabled the model to as Columbia rolled out across the
on a year-in year-out basis even with about strapping several jet engines mid-air and glide to a successful glide to a nearly flawless landing on desert lakebed for the first time. He
the kind of problems we're going to undertheorbiter'sbellyandmaking landing, its last flight in 1977-minus one couldsee, in his mind's eye, thehun-
have." numerous stops on its way back to "It was great to see it work," Kiker wheel that popped off on impact with dreds of valves, the miles of wiring

Occasionally, unforeseen prob- KSC, Kiker was doing what he usu- said. "But we crashed a Jotof mod- the ground. That flight was the pre- and the sheer, raw power this ma-
lems like last year's hydrogen leaks ally did, tinkering with models. But els." cursor for a successful set of tests chine had just spent with an easy
on Columbia and the current hinge this latest model project would have Kiker narrated a historic NASA with the space shuttle Enterprise, grace. "The shuttle is," he said, "the
lugcracksonDiscoveryaffecttheflow, a far-reaching effect. Kiker devel- film clip that recorded his model's and a tong history of safe cross- world's greatest all-electric flying ma-

"Those things seem to be happen- oped a design, proposed it to NASA flight. Kiker talked about some prob- country ferry flights. [] chine." []
NASA-JSC


