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NEW YORK - There are skePties -
some of them in the aerospaee industry it-
self * who doubt thal a rtbot-operated
factory will turn out airplanes by the year
2C00.

But.the Air Force and several ae::cspace
companies are moving in just that direc-
tion, and at a rapid clip. They are invest-
ing millions of U.S. and company dollars
in research that they say will make com-
puter-directed. robot-operated aircraft fac-

l o r i e s  e c o n o m i c a l l y  a n d  t e e h n i c a l l l '
feasible.

The goal is a I'actory in u'hich a ma-stcr
eomputer, at the apex of a hierarchy of
lesser computers. orchestrates a workforce
of seeing, moving robots in an autamatc:d
manufa i tu r ing  eenter  tha t  bu i lds  a i r -
frames from beginning to end.

Aecording to the Air F'orce, robrot der-
velopment wil l advance in series ol' in-
creasingly complex steps. each entbod;ring
a segment of the projected manufacturing
center. When all ttre elernents - including
computer hardware and scftlvare. robot
work cells and sensors tliat see and feel -

have been developed. construction of a
bona fide factory of the future can pro-
ceed.

Michael  Moscynski .  manager of  robot
efforts at the Air Force Materials Labora-
tory, said the biggest ctrallenge will be the
integration of the pieces. The robots. the
sensors and the computers are more or
less available, he said. but what's needed
is a canceptual link to tie it all together.

The reason robots loom so large in the
Air Foree's effort to autornate aircraft pro-
d u c t i o n  i s  t h e i r  f l e x i b i l i t y : .  T h e y  c a n
change jobs, producing one part and then
another. up to six times a day, Moscynski
said.This is critical in the aircraft industry
- as it is [n many other manufacturing
businesses - where the number of units
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completed in a month can be counted b5
t e n s  r a t h e r  t h a n  b y  h u n d r e d s  o i
thousands.

The robot effort is the most dramatie
and visible part of a $?Fmillion Integrated
Ccmputer Aided Manufactur ing ( ICAM)
program directed frorn the Air  Force
Materiais Laboratory at Wright-Patterson
Air lrorce Base. Dayton, Ohio.

ICAM, nothing less than a microscopie
examination of the ntanufacturing process.
may result in the nation's f'trst "unmanned

aircraft factoty" by the turn of the century,
But the payback should begin almost im-
mediately. as the.bits and J:ieces come on
stream.

The Air Foree predicts that within fir'e
years the broad program eould reduce
overall operating costs 25 percent. This in-
c l u d e s  a  4 0  p e r c e n t  i m p r o v e n t e n t  i n
machine uti l ization. a 35 percent reduc-
tion in needed floor space. a 50 percent
reduction in shop floor labor. a 25 percent
inerease in throughput and a 50 pereent
inerease in accuracy. If someone wanted
to build a laetory from scratch. Moscynski
said. ICAM technolcry rvould reduce over-
all investrnent by 10 percent.

Robots. which get about three percent ol'
the ICASI funding. should increase pro-
ductivity by a factor of four where they're
used.

In  the  near  te rm,  Genera l  Dynamics
Corp.'s Fort Worth. Tex.. Aircraft division
is working on a mantt factur ing center
where robots will fabricate panels for the
Air Force F-16 multi-role frghter aifcraft.
The center is to be completed by 1985.

More advanced proiects are far ther
dolnstream. Lockheed Aircraf t  Corp. 's
Lockheed-Georgia Co,. Marietta. Ga.. for
example.  is  designing a robot cel l  that
u,ould assemble aireraft parts after they
have been fabricated in an installation
like the one taking shape at General Dt'na-
mics.

And the  S lcDonne l l  A i rc ra f t  un i t  o { '

Airplane factory
staffed by robots
is getting closer

Sme elements on a computercontrolled
robotized plant are already in place
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AuTomATED ASsEt$BLy - Lockheed-Georgie concept for automated asrembly of

atrcrafr componeni"-in"ruO*s a rouol-oferatiC laste"i9,:,y:tT,(?:3Y:Xll*tt:;
;,'fi[i#j'$;;;;;;i;nr _ Jseo roi[om verryrry posnion and ror inspecrion of
holes and rlvets - *'ount"o on a robot-held yoke..gCtow is one concept for an aulo

mated eheet metal work cell, with stock and workplsces transported by cornputer'

dlrected. driverleEs cartg.
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McDonnell Douglas Llorp. in St. Louis. Uo'.
will create a high-level cornputer language
s p e c i f i c a l l y  f o r ' r o b o t s .  O n c e  i t ' s  d e -
veloped, robots will use the language to
sp"ak rvith each other. macliine tools and
computers throughout the l i:ctory' This
shouitl culminate in an "Automated Shbet
I tetai  Cetr ter"  that  b inds each robot.
machine and sensor into an entirely inte'
grated factory where every action can be
iontrolled and moniton:d.

{Vhen the three programs are linished. a
technoiogical synthesis will take place. At
that point. the industry will know enough
about the inner workings of its own manu'
lacturing proeess to automate it almost en'
tirely.

Aicording to Gerald Ennis of McDonnell

Aircraft. the projected robot-ntn manufac-
turing eenter is based on a concept called
"distributive control."

That means. he said. that computers tlis-
trtbute instructions tlown through a series
of increasingly simple computcrs which
'ultimately manage a workforce of "intelli'

- gent." microprocessor-controlletl iolmts'- 
machine tools and sensors.

The "workforce" in almost any manl'uae-
" turing center woultl be clividcd intn lvork
'cells."each 

dedieated to a parlicular kind
of tash The best exantple of this is protr

- ably the robot cell in operation at General
Dynamics right now.

According to Dean Golden- tlil'ector clf
that projeet. the company is using today's

{Continurd on Pagr l{)
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technolgoy with a few modiftca-
tions. A single robot drills holes
and trims edges on F-16 aecess door
panels. The robot in use. a T-3 Cin'
cinnati [lilacron unit. can mone or
less enrulate the human arm. It reP
nesents just one station in a mile-
long manufaetur ing center that
rnight inelude seven robots fabrica-
tiongg0 percent of the aircraft body
parts bf 1985. Golden said.

ln addition. a second $ti laeron
T-3 at Forl Worth is drilling about
5 5 0  h u ! e s  i n  t h e  g r a P h i t e -
reinl'trreed flastic vertieal tail ftn
lbr the l'-16. It does the iob in ab-
tuut tu 'u hours.  Doing the same
work rnanually takes three nten
eight houls.-But 

thal rubot not. Part of the
lCAIft prograln. llelongs to a joint

Building aircraft witi
Air Force-company plant mod- eoneept ot "gfoup technolog"" Gol-

ernization program'adrninistered den said. In that manul'acturing sys-

ttrrougfr theAir Force's F-16 prgg- tem. each part family * deter-

ra* dff.* (AIIIMMN. Jan. 2i. mined by similarit ies in shape' size

In the ICAM progranl. two morc or machining steps - rvitl go to a

robots are to fio into action in a specilie cell rvith a specific rollot

ferv months,  0olden said.  and pl 'ogranlmedtodealwi ththegcnel ' -

three others are currentll' being algroup "typg. Because rofuots can

;J;tud and refined at General move through endless variations.

nynamics' laboratories. After that. seven of them rvil l  theol'eticall l '

the eompanl ma)* acquire two to ptuduce hundreds of shapes'

four additional roboti ttrat woulel But in reality. there ar"e still a [ett'

fabr icate parts lbr  F-16 wings. problems. FoI one thing. robots

Anc l ,  ro t ro ts  tha t  pa in t  f in ished aren ' t  n lanufac tured  w i th  cnd

p;. i r  *out, f  be'next on the ef fectcr  t t lo ls accut 'ate enough for

igenda.  use  in  aerospace.  whcre  two
,The 

air.craft panels t() be l'abri- tltousandths tlf an inch can be cru-

cated will be divided into grnups or cial. so. Golden said.. General Dl'na^-
"families"' in accotdance-rvith the mics has developed its own nrbot



signal the c
when a hole is completed"

Even more important. mict'oP-
rocessors in today's t'obots can'l
hold all the data points needed to
dr i l l  thousands ol 'holes.  change
tools for each operation antl sense
tool wear.

G e n e r a l  D y n a m i c s  i s  s u P -
plementitrg the s1'stem with its own
miroprocessor right norv. Golden
said. but the sharp nose dive in the
cost of computing power ma1' lead
robot manufacturers to solve the
problem for good in a {'erv 1'eats.

Another kink emerges when lttu-
duction must be stopped lbr up to 20
hours while robslts ari manuall l '
"taught" a new task stcp b1' step.
But. according to Gerald Ennis ol'
McDonnel l .  th is t l i l f icut t l 'can be
worked but witir more contputittg
po\{el 'as rvcll.

"Once rve have the robol lan-
guage."  he said.  "u 'e ' l l  c levelop
programs on a ntainstreant cotlll)u-
ter  and send inst t 'uct ions c lou'n'through 

aseries ol'processors to the
robot." lt will still take hirut's {irt'a
programmer to come up u'ith the
sequence ol '  inst t 'uct ions.  but at
least the robot itsell 'wil l  staf in
commission. rvhile the prtlgranl is
writteu ofT-line.
. ln'rhe init ial l\tcDonne'l l schcme.
scheduled for complet ion th is Octo-
ber. robots receit 'e instructions
from a contputer also connected to
a video system. a rotating table and
automatie riveting machine.

After "searching" fbr the exact
piece required. the visual sensor
ivould "tell" the table to turn so thal
the robot could pick up a specific
part  ahd br ing i t  to the r ivcter.
Additional eameras u'ould check to
mahe sure that rivets nere installed
a c c u r a t e l y  t o  r v i t h i n  a  l ' e u '
thousandths ol '  an inch.

According to the Ail Folce. the
nt xt step is devclopmcnt of .v-et
another ccll connectcd to the l it 'st
by a sti l l  lalgel contputcrthat coor-
dinates the wholc thing.

The upsltot wil l Probabl;- 'rcsem'
ble this scenario. pt'oposed lrv [,ock-
heed: Xtetal shcets stot'ed in a nta-
. io r  n ianu lac tur ing  ccn tc r  wou ld
tlavel -- ltv contputcr-d ircctctl dliv-
erless cafi -- to u'ork stations where
robc ts  u 'ou ld  use  a  var ie t ) '  o f
rnachincs, and tools to bend antl cut
material into shape. I 'hese "fabri-

catcd" sheets tt'ottld then head to'
warri asscrnbl3' cells "ntattncd" b1'
rnobile robots that t ' ivet thc sec-
t i o n s  t o g e ! h e r ' .  u s i t i g  t l t r e e -
d imens iona!  r ' i s l ^ :a l  sensot ' s  fo r
accurarl'. 

'l'irc 
1-rieces rvoultl move

on to  s t i l l  o th* r  assembly  ce l l s .
where robots woultl {asten them to
other.  larger sheets.  ComPuter-
controlled cranes rnight eventually



robots
rrtu'tY about l0 finishetl scctionsto a
: -  i  r , r , -  ^ ^ t l  . . , L ^ - , .  + h a  o n .
iftnai att.mbll cell. where the en-

tire airPlane bod.v rvould be. Put

Accoril ing to l{cscYnski' l 'ock-

heecl is just working uP a Paper

togethei - u'ith the help of robots'

th" Lockheed Pr()giai ' i i  i t^"\l::

rnost futttt 'ethinking proJect ol all '

ntoicynski said. because it addres-

'ies ttte role that robots can play in

iassemblY

a holding fixture and then clamP
them into Place with the help of a

camera on the robot "wrist"'

The robots would dri l l  hotes'
countersink rivets. install nuts' app-
iy a sealant or weld while moving
iiom sp<lt to sPot through the work

cell on tracks' Simultaneously' the

iensc , r t  -  wh ich  measures  the

threedimensional location of hun:

dreds of thousands of Points on the

rutfu.. of an obiect in seconds *

would check for accuracJ"
So far. robots can Pick uP a Panel

and move it across an automattc
iiueter which irrstalls fasteneni A

n"ar term goal would be assemblY
of C-130 cargo Plarfe bulkhead's'
each with 38 detailed Partsand ab-

out 160 fasteners. lf rchots can

assctnble that. l,ockheed said' they

can prohablY assemblY anlthitt&.

jstutly for lCAill. but the compan'\'
, frot ifto i)egun to apply some of its

ideas wittr three robots in a ProP
r ietarl-  in-house Pnogfam''-Lu.tt t .ed 

said robots that dtr

asiemblY in accordance with the

u[oi* i.'"nario would load and un-
ioal pa't' 
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