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' FOREWORD S | o o . .
® - ¢ ’ ’ -y : » ‘
. . The Office for Research in High Technology Education at the University o
of Tennessee, Knoxville, is conducting a program of worke on high technolo y o, R
and ‘its implications for education.. Funded by the U.S. Department~bf.
Education's Q#fice of Vocational and Adult Education, the program addresses
. . the skill requ{rements and . social implications of a technology- -oriented S
‘ ' society. Issues concerning computer literacy apd computer applications are a
: + focus: of the program. The balance between-the liberal arts and technological
skills and ‘the complementary roles they play in enabling people to function
fn #And derive satisfaction from ,tdéday's high- technology era are also
. addressed. ‘The program s efforts .are targeted at secondary schools tho-year
' pos’t*secondary insti‘tutions community col]eges universities, industrial
® ~ training personnel, and other education and training groups.

3

s The program consists of three major compQnents:

' »

. ' yAt Home In the Office Study = At Home In the Office 1is an exper:iment that has
- placed office workers and equipment in the workers' homes to determine (1)

® -what types of office work’ can effectively bé done at home and (2} the
advantages and disadvantages of home work, sta't ions, The implications for
educators, employers, and enlployees will " be . nificant, as_ work -at hope

offers a possiblé avenue of employment for. people living in rital areas,

. .+ Pparents of pré—Schoo‘l children, handicapped individuals, and others.
® ’ ‘COMTASK Database - COMTASK is a model of a computerized task inventory for
high-technology- occupations, The outcomes of the COMTASK system include a
. . sampling of task analyses, the demonstration of how these task analyses c(an
o be rapidly updated, a_manual fot conducting tgsk analyseg to provide data. for
' the system, and a guide to using, "the _system,, : X ) :

Ty tT State-—of—the-Art Papers - A serdes  of nine;papers is being developed to
: address high technology and economic 1issues that are of major concern to

*  eddcation. Nine working titles have been selected:
'S . - .. .
o ‘e The Changing Business Environmen&' Implicatibns for Vocational
’ . A Gurricula . . . S .
° i S . - : :
e Computer Literacy in \./‘ocati*onal. Education: Perspectives;ud‘ Directions
: e Computer -Softwaré for- Vocational Education: Development and Evaluation
: e FEducating for the Future: The hffects of Some Recent: Legislation on
o , ~ Secondary Voeational Education, . . .
' B
' e The Electronic Cott‘age ‘ \ . " .
. ' . a .
' e High Technology~ in Rural Settings .
® . (Re)I‘r‘aininp Adults for New Offi and Business)Technologies
.. . A

. Robots, Jobs,- and F'aucatid‘n _ o

v ' o Work in a World of High ’Technologyz -Problems and Proapects for,
: Disadvantaged Workers . : ‘
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¢ - “Abstract S - , ' :
. v Publicity abou't industrial robots has created a flurry of activity in
_ .education, Over 2 Iwo-year colleges now offer associate degref;s in .
®. - _ robotics or r;l,,ated fields. . .
oo The ' authors ™ beb!ﬂe‘;hat" at the two-year college. level, ropotics
‘should be taught as pédrt of an integrated approach to automation , with
electrgnics as the core curriculum, Being able to’ plan and coordinate the
application of robots to ogher machines is a critical skill in robotics.
\ This requires someé ability~ in ‘mechanics4 hydraulics, and pneumatics, but
® esPEcially in electronics® =~ the central nervous system of machine -
' communication, Competence in electronics is thus essential to rob PR
~«  However, it appears that having a knpwledge of robotics/a‘lﬁ)’:i’ﬁ not *
be aufficient for success in the job mgrkét, at least in the near futyre.
' As this papet points out, there just aren't enough rqﬁo.ts. * Thus, "the .
. authors mainfain that students interested in robotics should master the
", ‘basics of electronics 80 that they can find' jobs even if they never see a
robot after leaving school

. : ' ‘ . A : . -
_° ' . . About the Author\ _ . ' ' ' - . <
o A\ T P ) - ‘

Oliver Benton, an industrialist with over\twenty years\ experience in
production management joined the Chattanpoga State, Technidnl Community
- College 1in 498[ as the firgt director of. its Center for roductivity, -

’ " Innovation, and Technology. Tlle Centeré& a cooperative effdrt amoni the \
,\ + college, the Tennessee Valley Authorit and. local’ industry to 4provide
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design computerraided manufacturihg, and automated information management .
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) o ’ v"
. _ o . _ .
About t}e Editors
o . -
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_ . .
The Robots Are Coming « « ¢ Aren't \They? . ' .

\ . 1 ' .

® ’ Invite a newspaper reporter ‘to do a story on anjautomated machinery-'
, X :
) ‘cell and you wiIl get a brief 'te.lephona interview..' ?uvi)te ,rhe_ sage ‘
lj .reporter t“oNdo a story on thée robots making parts with’out peopld and you
‘@ .- gill get front page color photographs, a’ mixed editorial and, three days A «

\ .
later, several _letters te the edlgor denounc1r»ig you. for pu_tting Americans

. . . . . . -

“out of work! Such is the' emotional ilﬁvpact of robots. They make good

&£ ' ‘ . ’ ’ r ) . \ ~ . = - .
® - fnewspaper cop_y. . . : : ‘ E ‘
. . v . /

Robot:s are belng discussed from every. pos31b1e pers§ectiVe - from

' sophiasticated indust;ial app.licatlons to fanciful humanoids performing oxfr ’

.\‘ ' . routine ‘hdusehold tasks. . ALl of this ‘publicity- has served a useful
. * ‘ ' ’ .

purpose. It -has awakened the American public to needed ar;d possible

changes in'\manufacturing companies. Robots are interesting, even to

a ~

o ’ .nonmanufacturlng people, hereas manufacturing machinery is not,

éhe publicity has'cau’sed -bright_ young people to take a fresh llook at l.
) . careers in manufactuniag.-. Mam;kfact_uring is n?)/w part of most curricula r'or o
® . master's degrees in ..b.usi'ness administration. 'T-ele.visiqn;/programs about .
, .Japa’n's‘ "unmanned" .fact.o"ri.es have chall'eaged U..S.. c.o:'porat:e .exeCUtives and. | -
! federal lgovq_pr?me,nt 'p’olicyr_nakers to improve 9ur pr.oductivi_ty.‘ Union leaders ‘/
. _ . openlyjuppo’rt the 'use of r.obots as a necessit.y. ‘ Yo | ‘ - r
' Sq far, 80 goo_'i. But rhere is a danger that thi:’; publici“ty could lead |

to OVerreaccd.on in education’ and in government policy. Even in the hard- -

@ nosed world of .manq‘facturing, it is entirely Aossibl_e to jump on the Bobot




©

.‘\ — .

bandwagon because robots are !Nj mbaern. In fact, however, as a result of

poor” planning by 'mahagement there are already robots gathering dust in

’

s : -

severaliplants arothd the country.’

For those Americgn companies w%ich produce of sell robots, 1983 was a
R . J ’ LY ‘\ y

disappointing yeéf, 'Accordiﬁg'to— the New York Times (March 4, 1984);

A ) - -» oo
industry sales are far below expectations, and only one American company,
LY . > .

Prab 'Inb., made money in robotics in 1983. * Some companies, such as

. - ¢
"~ Copperweld, have abandoned the robot business' altogether. Others, such as
Mos . '
Unimate -- the founding company in robotics Y have not made monecy anﬁ are

being acquired by larger compénies. sRobot sales personnel report slow

w

sales and meager commf%é&tns. Since 1963, when robots were iq&reﬁuced in

r

. . . . M . . N
~the United States, the U.S. robot' population has risen to only QASOO (New

a » -

York Times, March &4, 1984). = . _ o ' :

Are we saying that the roboas are not comffing? Are they just some kind

of industrial hula hoop? If so, why'have'General Electric, Westinghouse,
and IBM" set up robot syst%ms divis¥ons to sell robots? Surely they see

-
.

something substantial in tﬁe‘ﬁutﬁre. The ahswer is+not simple. Robots are

indeed éoming, but.they are coming slowly. They are only'in the crawling

4

stage, with dim eyesight, limited touch, and virtually no hearing, and they

» ~ ~ * .

are not coming independently.v' To function effectively,q they * must ,be a

/

"member of an automated system of machines. : o o -

e
A ! 4

Objectivss and Scope of .this Paﬂgr >\ s
_ \ : . ‘ ' )

This Raper 1is directed "primarily toward, thgse 1in eduéation,'
¢ . L

.

government, ' and inddstry who are réspongiblq for managing vocational and
. , Kes

A .
’ . . . - '




\ . : '_.' . | : ‘} - | | \ ‘ . '

o N . _ t:e.c_r:‘mﬁ/ic.al\! training. “The paper's | phrposé is .to .assist those managé_rs in . .

- -, their - decié‘ions about what . programs, if .any, should be initiated to |
aCCQmmodate.?he growing‘use,:f robots. ' ’ .

® , -.Al_thoug_h'this is'ri'gt intended as a tfechnicgl pa;;gr, we will disghss i'n

someé detail the mnature of robots, where they are now, ‘how they are used,

»

o and what is “likely to come up next . It is imﬁortanf’ for managers

concerned with job training to understand the capabilities and limitations

s .
v ’ - . v

of today's robots. It is_ also important for the{ﬁ to recognize that today's.
- : ; _ _
, robots ‘ are’ ip an embryonic”stage of dévelld‘g\l‘gnt -- the .robots of 1990 will , -
E Took 1like today’s-_robots, but their éapabil;\ties will be far.,,far_.glfeat'er.
*. . J be-céuse -of irr;proved sensory devices and controls., . - . . .
Thus,u eﬁfxca_tors and . others concerned with joMs and training must
. ' ;ndersténd kt‘he' p_aig at wh‘ich -rE)bots are coming, and. they must undergkand .
. . "; ¢ what industrial jobs"thesé r‘éb;ots wili do. . But most important.of all,'._ e
‘ 4 ‘ thgy must understand th;-‘_r peépie ,and Frainin'g ’eeded ‘(and not needed) .to;.
take full advantage of the robot';s‘. ! | _
@ . - . 4 S . X

Most educators and government manpower speclalists base their

reactions to robgots on available foreysts of robot usage and worker

displacement, but these can vary widely. (E.g., depending on the source,
. ‘ ’. ) K . - .
forecasts of ,t'he. number of American workers to be displaced by robots in

> ! A

the next ten yegrs vary- from 50,000 to 1,500,000.) “Accordingly, in this

*We hgve wused Industrial Robots = A Delph‘i Forecast of Markets and
o * .,  Technolo by Donald N. Smith and Richard C.’ Wilson (Ann Arbor, MI:
.- Societly of Manufacturing Engineers/University of Michigan, 1982) as a major .
source of, statistics for this paper because their survey was based on
. S detailed information obtained from .companies that were already familiar
’ _ ) with robots and had them in actual use. However, this Delphi forecast o
. . deals primdrily with the physicar aspects of robots, whereas our paper ]
o concentrates on ‘their implications for employment and training., '

Q /

4
¢ ¢ * * .
\ . ’ .
N

¢
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paper we will present a variety of forecasts by industry-and application._

v , Y

We Qill then attempt to make realistic assessments of conflicting forecasts
L} ™ : v : . .
. L o ‘ : o
-~ assessment® which e hopeg will be useful to these who must plan for; , ,% ‘

- ‘-

effective training.

*

K
¢
»

In the last major section, we will’recommend-éeveral_possible courses

e
N v

of action: for educators and manpower specialists in government and

industry. These recommendations reflect our combined 'experifnce of ¥ 20
i :

>

s

- - T

years in technical education, including 3 years in robotics; over 20 years -
. . - N
' » . ‘ * ‘

in metal-working manufacturing management; and several years as volunteer
A . ' -7 . ; ’ . /
chair of the' local Private Industry, Council,  Since our technical-education. .
. « ' : &

énd two*y&ar—colﬁege. level, the

expertence has been at the vocgational’

°
.« .

regommendations will be limited to those areas. Furthermore;'the scope of .

.
L4

4 \ !
these recommendatiqps' will be 1limited to robotics in the foreseeable P

-
.

future, from 1984 ta 1990,  And finally, no attempt will be made to:address._
- . " o } . .
the Jong—term_ﬁggline in manufacturing jobs -- a decline caused by many .

e

. factors, of which robotics is\only one.

4
’

—
-
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" - 'WHAT, IS A, ROBOT?

- >

Robét'Characte;isticq , oy

)

The Society of ManufgctLring Engineers has identified two common, but
n ) . & ’ '
" quite different, definitions of* robots: . e
- ' e :In Japan, a robot is" usually defined as "a computer-controlled
device for moving material or performing work."

- e In,the United States, aﬂfob0t is usually defined as "a ) ?
: Zdﬁputer—controlled, reprogrammable, multi-function
’ i anipulator capable of varied programmed motions.” : .\
. - . . | _ e e
The word “reprogrammable” 1is the key difference. Jdpan's robot

MRS

'statisticézainclude*'manyqﬁproduction devices that would not be labeled
’ - . : .

Using the Japanese definition, Japan has

|
. .

“rohots" in thé United States.

!"froﬁ 10 tq.]5'times as many robots as the United States. Using.thé Q.S;

' v .
L \ -

wg};g}tion,'\]apan's usage is more like 3 times as. great as that in the"’

ll ’ , . )
United States. _— , . : .
. . .-

-

" But neither of these broad definitions fully'describes a robot, since

many robots are désigned'with specific applications, in mind. (For example,

14

Jointed-arm robots -- which account for over 50 percent of all robots sold
in the Uhited'Statés -~ were origiﬁally designed for. arc welding, although

_ most are not used now fqr that purpose.) }o understand a robot-, we thus

/

-must look at its type of drive, method“of "teaching,” lifting capacity,
) b

number of axes or "joints," type of motion or pathy.gensory capabilitiés,

"

and primafy iﬁle@ded use. . ~ N

Q™=
h S —,

< . : T .
. Type of- drive. For training purposes, this 1is one” of the most
‘ : . . .
important aspects pof a complete robot definition. A person who selects,

“installs,.and'maintbins robot systems must” be trained in the type of drive

[
L}
)




demanded by the particular application. -Thére are three popular types of
" . ' -.' . ’ ‘ . '
driVes; . ¢ ' w | N 4 o
e Pneumati¥. Compreqﬁed;air drives are used on comparatively
., simple lpw-cost robots. The robot's electronic controller
activates solenoids and air logic devdces which control the
air. Feedback ts accomplished by signals from limit switches
and air loglc devices. These are popularly called "pick and
place” robots. ' - ot

. . A . ‘

e FElectric. - JThis 1is becoming the most popular type of drive,
Mince it 1s flexible and easily controlled. At one time,,
9lectric robpts/ were’ co:g%gef%d -primarily for light-weight
jobs, lifting up to abou 00. pounds, but recently, electric

. robots hawge been designed for loads of up to 1,000 pounds.
’0 K '.. - - ' ' K
T “+Mosgt indust}iaL robots use servo motors, which are capable of
an, infinite number of controlldd positions. Alterhate-current

(AC) servos .are replacing direct-current (DC) servos, because —

AC servos are smaller ‘and require - less maintenance.

Educational robots frequently use lower cost “stepper motors"

which have a fixed number of controllable positions.

e Hydraulic. Hydraulic drives, which involve oil pumped at high.

pressure through positioning devices; were used for the early

Unimate robots. Until rgtently, hydraulic drives  were

N\ ' preferred for robots carrying loads of 100 pounds or more.

..Th re still used for very large’' loads and for

pa -*spraying' operations where electric sparks are

undesirable. However, the hydraulic drive is on the decline

* because, it "is expensive, requires’ high maintenance, and
inevitably creates messy oil' leaks on the factory floor.

—

Regardless of the robot's- type of drive, most robot grippers are
\ - - ‘ |

pneumatically activated.” %hus, sote pneumatics training is neceésary in

any course Of robotics study.
. : ’
» * [

Method of teaching. Notice that we use "teaching” rather than
[N 1
"programming.” ("Programming" is sométhing else; we will get to it below.)

] .
Basically, - ‘robot motions are taught by positioping the robot and then
o ® ' N, .

\ ' L] .
pushing the “teach" button. This causes the robot to remember that

™

5osition.b The robot can be moved to the désired position in several ways.

v o




' . . 0. -

X - .
The most popular involves a "teach pendant™ -- ‘a.hand-held box connected by
N . [y L . . .
. /
cable to the robot control with buttons for warious motions -- plus a .
o "teach button™ to record each positon. , ’ ¢

Less popu}ar: byt nearlf alwayg used in paint—épraying applications,

is the-lead-through mefhod. Here, the end of the rebot is simply grasped,

and moved through the desired motion path. The Tobot must be designed for

-

this type of teaching, ' . .

Neigher of the above methods requires any computer training

L : 13
whatsoever of the robot operator. According to the Nissan Motors training
L4 /7 R .

0

. : o
department in Smyrna, -Tennessee, the typical industrial worker can, with

»
.

about one week's training, learn to teach a robot.
. L

Table 1 shows present and predicted methods of teaching robots.

-~

Table 1. Present and Predicted Pe}centagehof Robots Sold, by "Teaching"” »;k

‘Method . o o
. 1981 - 1985 . 1990 o ‘
Leading from point ' _ «
, to point ' 24 - . 23 . 22

A v
‘Pendant~control -
teach mode _ 58 47 , 33 .
Off-line programming . : .o
language K 6 "~H\\\\\\\ 184 ) 28. \x '

" Hybrid of the aboveéd 12 12 , 17 -
8Any combination. )
Source: From Industrial Robots: A Delphi Forecast of Markets and

. Technology (p. 36) by D. N, Smith and R. C. Wilson, 1982, Ann Arbor, MI: “\
Society of Manufacturing Engineers/University of Michigan. ¢
¢

+

"0ff-1ine programming” in othe above table refers to ‘computer

X . o % .
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’ .

-

~ . - . - [

® v programming at a station not connected to the robot, with the program to be
g ’ : ?

fedglater to the robot., Certain new robots, particularly the IBM a‘ssemblyﬁ

‘ . robots, allow off-line programming usir:lg a personal computer. (The IBM,
® : " . robét ¢can also. be taught 'with a teach ".'pendant.) This program then .
. " . . » o .
" “ . ’ . @ ‘
-"teaches"” the robot its ‘'motions. This‘lﬁgpe_of off-line programming would .
o

definitely require computer training for the operator... , :

® In the author.s' opinions, howew", off-line programming will not

~achleve anything close to the .18 percent predicted for 1985 in Table 1,

-

¢ ’ "

since this type of teaching requires that a robot go with great precigion - .

® to the desired position on its Own, the first time. Most of the robots

\
] » .

available in 1984 will not do this;cc'ura‘tely enough. Th.ey.must‘ first be’

.
-

directed to the desired position using a teach pendant or the lead-through

. - ‘ Ve .
® method. They will then repeat that point very closely. J
] . Y

~0ff-line programming has one obvious 'aaveﬂ\tage over the other teacﬁing

. . ) )
methods (including the hybrids): a new seriel of motions can be developed

® without taking the robotf out -of p;oduction. Also, 1in the case of the IBM

.

assambly robot and perhaps other robots, teaching by off-line programming

-

allows a more erfecise. location of each point it the .Qries of moves. For
® ' this reason,, ‘of f-1ine programming may become the dominant metho@’ for
precision electronic assembly using robots. '~ Since IBM is a leader in

computers as well as robotic assembly in its -own plants, it is reasonable
\ ,

® ‘to assume that IBM would be a leader in marketing this type of robot.

N 3

| Weight-1lifeing ) capacityt One of the most important performance

wina characteristics h a vtobot may be defined is weight-lifting

® capacity. There are small pneumatic and electric robots designed to 1lift
} ’ : | a
g . . .
a . ~
‘ Q ‘ . X ' v 1(' I .
‘ \ N ) . .




' . ' ' ) v
.only a few ounces. Seiko makes®and uses such robots to assemblg \mtches.

‘ At the other extreme C1ncinnati-Milacron s T-3 hydraulic robots are rated
(' . )
! at several hundred pounds of llfting capacity. Robot lifting capacities

« .4

are normally calculated with the robot arm fully extended.' An hydraulic’

" * . . ‘ \/ ’

robo‘.rated at a;300-pound capacity is reported to have lifted -~ wffh its

. ' N Y /
arm close to its body' =- a lathe weighing 8,000 spounds when the lathe
M ' . & -

clutch refused to releasg the workpiece!

+ . B 4]

Roughiy 50 percent of the robotq in use handle parts weighing less

‘e -

" than 25 poundb. Only 6 percent handle parts weibhing 100 pounds or more,

*
| This situatioh is not expected to.change greatly\over the next-fewuyears
(Smith & Wilson, p. 16). Table 2 ehows the breakdown™by industry of ‘the
'f-,gverage weights robots are expécted to handle, now and over the next few
years. ) ' ) -,
. fable 2. Present and Predicted Average We*ght of Parts Robot's Handle,
by Industry (in lbs.)
L . T\ 19&) . 1985 1990
. ~N g =~ ;
‘ ; ~Y S , .

. All Indfstry : 20 200 ‘i' .25

’ Automotive - . 25 Lo 200 20

Casting/foundry : 40 . ' 50 ! 50

Heavy mandfactuping ) Q? - 70 100

v Light manufactnring L 10 . 1o C 10
L . ' ~
. Electrical/e!ectronic y 3 3 . .2 — ’
Aerospace : b0 15 15
) '  oad
- #
"L/‘ . N

. Source:” From Industrjal Robots: A _Delphi Forecast of Markets and

- Technologz (p. 16) by D. N. Smith and R. C. Wilson, 1982, Ann Arbor, MI:
' Society of Manufacturing Fnyineers/Univéﬂsity of Michigan. : §
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Robot prices 1h 1984 vary ﬁfom about $10,000 to $125,000, but these .

prices are not directly.related to thé robot's weight-lifﬁing capacity. A
1Y ' .

sméll, _sophisticated 5-axis jointed-arm -rohot with a 6—ﬁognd lifting

-

- L]

cdpacity may cost $38,000. 1ts big brother capable of -lifting 22 pounds

may'cost $48,000 -~ a ws}ght increase of 266 percent with a pfice ‘inerease

. . T . L {
. of “only 21 percent. = Both robots are likely to,use the same control

'gomputer and'éoftware, and that is one of the reasons that their costs ;ré
;D£\‘proporti;nal )fo. their .weight—liftibg tcapacities,. A .sophisticated N
\\’ control costs the same,‘&hethgr ié\}s connected to ‘a S;pound—capacity'robot

orhé 50-pound-capacity robot. P . ' - , - <

. Shape. Robots' come in é;l.sorts of shapés, or configurations. The

. : A ’ . '
* Mmost common 1s probably the jointed-arm.robot, which typically has 5 axes

i

d

or joints, including base rotation. These robots are generall% the Mbst '
'l . . ) >

flexible spapes.- They are sometimes known as general-purpo robots anﬁ

can perform just about any task written within their weight—liftiné and

s

reach’ capacities. *The General Electric Model P-50" is a good example of a

»

22-pound—-capacity version of this type of robot.

4 b

Another popular shabe is the, cylindrical coordinate robot. This %
. 0~ * ' .
rotates around a vettical post and generally has a horizontal arm with a

wrist at the end. The arm can move up and down on the post but does not

have a shoulder or edbow jpint. This type of robot provide§Jén economical
. . ]

I"“ mez;?d. for 1loading machines or 'transfgrring material«w:.nThe General
Mo ors/Faﬁch(CMF) M1A is a good example ¥f a}ioo“pound~capacity robot of

) this type.q . ) '
P Ax%mall combination jointed—arm-and-cylindrical shapg is becoming

g b
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popular for smsrl-parts assembly.’ This type of robot mdp6ts on a table and

-

swings ‘a hsrigontall arm with an elbow. - ‘Although sgall, it has very'

: - v ..0 . .
sophisticated controls. The General Electric A~4 and IBM 7535 srobots are

. . - ’ <« A\
typical of this shape. They generally have 4 axes.-

N

-

' Type- of motion or path. This eharacteristjc-is difficult'tovdescribe

1

~ :,_);‘

¥ S . . - . _ -~
in detail without a series of drawings which would go beyond thé scope of

this p{per.. It will'Suffice to say rhat sohe rpbots are“capsble‘of-much
L4 Py . 23
more sophistlcated path contrpl than others, ‘because of dltﬁerences 1&

'
-

their control software. You can't tell.this Just bY 1ooking at the. robot,
. ' ‘ R 4
bht it can be an important dlstinction. In arc welding,_for example, it is
: )

critical that the robot fdllow a known ,path between"points A and B. ‘

However, when a robot 1is transferring material ‘from one conveyor to
" . . T 2 » ' . . .

'

_another, the exact path taken' may be unimpprtant just so long as the robot

. ‘4,

picks the part up properly at A and sets it down properly at B.

. Special-purpose robots. Robots are now .being designed for specific

.
-

~applications. Perhaps \the most novel robots are those in use in Australia

[
- -
]

which wlre: developed for shearing wool off live sheep. ‘The robot is

U
Ny

programmed to cut the wool within a certain distanCe of the sheep s hide

and we re told that the sheep is given a mild electric shock to perquade it

. %0
.

to,lie_still. The robot has a series of sensors or feelers which allow it

to follow the ¢ontours aof each particular‘sheep. The sensors also detect

the movement caused by the sheep"s breathing and adjust the robot's motions

accordihgly. The result is a closer cut without injuring the animal.

-

For 30" years quasi-robots have' been’ used to handle radioactive’

A

matertal at the Qak Riﬁge ‘National Labdratory" (ORNL) in Oak Ridge,

+*13 .

o

v

e

“‘s,; . -

I
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§ _ ) S o S _'
, "'.'I‘,enii"!\.eségé v 'I“hesé are not true robot}é hecausg they are .cont‘f’ol‘lec; by humans
¢ R '. manipulating remote lpe'c'hani.cal' linkagés,' but now robotS';re- being d:velopec_li o
) »wﬂw'is;h can operate'on.‘thei'r‘ own 1in the ORNL labs. i co .’ | -
. At -a reAe'én't robotics demo_nétr-a_tion in Gatlinburg, Tenpessee, the® . 'o-)’
° .! O__DEX’ II‘,vmade b‘y Odetics, Ine. of. Anaheim; JCal,ifornia, was the ‘hit of the?
shbw. This B?O—poupd d;addy, loﬁg'legs can y.alk, climb: int:.o" t.he bed gf"';;a R -
." .t pickup t}'uck, " and 1ift:~.n'ear1)‘1' A{x 't:im‘es its‘_ own weight. ."It: is stillﬁ ’w
‘: eXperimer;t:al but shows pfomise for mah} applic‘atlio_ns._ ‘For exgampl_g, .li'ke
\ - | the f)RNI'J'robots, it'_coulld t;e usec;‘ to operaée -ifnd._ep'eg(‘iently, in a Hostil'e‘ .
\ ‘. ' venvironment.:_ . | L o - ‘ .
° , -2 | . S
- R&bot grippers, or ham?s. Robofs are made wit.:hout.hands., The hand,. . ..‘
usually ' referred to'as a gripper, must, be designed for Ehe job the robot' is
) * . . ‘
~ going -to do. Disffé.re_n.t h_flnds alloy the x;obq..t: to do different jobs, but, not o |
¢ g all different jO't;S require different .hands._._ ‘ . U | ‘
For ;a)(am.ple, on a recent visit to a robot maqyfaFturér’s application
. - lab, we obser’vé&-\a robot using the same gripper for .two related but quit:eh
.' ‘ diffefent fypes o.f_ cuvstomef Jobs. T'herrobot first pickgd‘up a pneumatic -
' ‘ appl¥eator for silicon ‘sealant:- and sealéd the.jéint between Ithe fl'o'or and R
Ve f'irewall of an auto body assembly. The saine ;6'bot, with the same gripper,
v _
¢ v then picked up a pneuméti,c ‘applicator for ce}ke Ic‘ing and decorated the
J mzmt:hs, ears, and eye‘;'of cho,c.olate'-‘ Easter ‘bunnies passing on a cor.weyor.‘ a
i ” Gripp_gr’g ére usu’a,lly pneuma.tic'all'y .operated because air 1is, cheap, N
¢ light-weight, and easy t.o co‘ntro’lal Hydrauiit‘:'grippers are occasionaily
used, especially when a heavy g;ipping force is 'n_e_e'ded, ‘and small _e'lectric '
| grippet.'s are also available. ‘- ‘
\. K R . ‘

\4




.can- be easily attached.

: .
compleéte inst%}lation. R : .

L e, ) . . .L_HJ’{_ i.' )
_The weight of the gripper must. be counﬁ?d again e lifting capacity _ o
of the robot. In other words, a robot capable of‘lif!ing 22 pounds cgn /' .
. ; 3 R .
) . .’ . - . ’ . /
only handle 15 pounds if its gripper weigﬁg 7 pounds. T« '
N 0.» .l Y e . “ "‘
Gripper design and procurement is a prqblem facing, the robot user,
. . ', . B

"fof, strangely -enough, most robot manufacturers do not make gripperé. ‘Some

» ' - . * i /{l :
sources ares available, however. Geheral__Motors/Fanuc and [ G.C.A«%
. Co. . . e 3 B . -

Y

Corporation .each sell a -line of -g&pck grippers, and other rob t\ _
C ' ” ‘ Ty'\ ~ ) v | e
manufacturers will, , for a fee, desigﬁﬂzthe gripper for a ' customer
. ' © " ~ S - .
applicafion andjhii? it made in a local machine shop. in addition, several-

.
+ .

‘ Y ’ : - » . .
small companies specﬁglize in making linebs of stock grippers, usually 3mall

‘ - . . . .
pneumatic Eevicbs'with very stubby "fingers.” The fingers are tapped so

»

] . S
that tfinger\extengiodS" made by the customer to fit the work to be handled

‘ o . v l ﬂh . .
As more robots are sold, the larger manufacturers such as GMF,

Cincinnati-Milacron, , and General Electric are offering turnkey ‘iobot

. . P4
v )

systems designed to the cystomer's job. . This type of-system includes ;the
robdé, all auxiliary equipment, and the gripper. In cémplex apblicationsr
. ‘ . )

1t}lmay include several tobots,  conveyors, and pontrol§,. togethtr with

ry !
. # :
- /
r . e : . -
“ . 3 ’ B . . ’

Y -

. .' . - ,'
Robot Systems,” CAD/CAM, and Flexible ‘Marnufacturing
@ . - |
Ehese:terms are often used in an overlapping way and needto be more
‘ . f

L3

L 3

precigely defined for the purpOSeQ‘of this paper.,
Robot systems. Almost any manufactyring applicatlon of a robdt is a

system, because the robhot requires devices to +feed the parts in, orient

- t

‘s : . v




* . . v .
. . )
L. ,/’ ’ . , ) »

them, 'and- feed them out. However, "robot system” ‘usually refers to +a . .
. . ~ - 4

™

production line with many tobots and suppors devices, whereas small systems v

! with one or two robots are called dells. 1In the typical robot system, the /
.,l‘)..« ' - ¥ P ' - f ' \
47

y P "cost of the robot amount® to about 40° percent of thti system's tothal yost .
. : . o s

"T.hus; in an arc-welding ‘cell, the robot may cost” 445,000 with -the total
- A} o , ) . ) ‘! ; <

cell'costing'SIZS,OOO.

,

: Vo= CAD/CAM. These two acropyms' are used together so often that many

", people are surprised to find that’ thg\terms..are generally Onrelated. In ST
' i . . g . _ . ¢

© ., .

~ e . v 7

Tf ,__\.. actual ﬁrac&ite, .CAD r'ef"ers" to é'omput'er—éided .designj a devic® used’ip ‘
' : . { : o .
: - . - o .
.' 3 ,desig‘.ns_"é%ngineet‘fing departments; CAM refers to computer-aided manufacturi,ng,‘
Y "~ ‘4yhich "Can mean almost ‘ahyth{.ng', When used together, CAD/CAM means the

) ; 4 N Lo .
‘electronic connection between design devices and production machines, both

_ : ) . .
controlled by computers. ' y o - s R

% By cutting engineering 4nd. manuf'acturing lead times and by improving \C&.,
f : - S ' L R -
o acccuracy and qu:;lity,.CAD/CAM systems could have enormous implicatigns fer

i BJ rd

facturing, but because of their cost ‘and. complexity they are not being
¢ M'/\ .

extensively. Very 1 ttle CAD/CAM is going on in Amerjcan industry

now, no¥ is much expected in the near future. . Table 3 illustrates th\\f

. [
1 . ' * ) - h
- - ( ‘ point, and Taple 4 lists '&e of the obstacles perceived by. Am(.‘cicaﬂ

manufac-tutéers to.adop.t\ng CAD/CAM systems.
Flexible manufacturing systems. These &hould usually be called
. flexible machining Jlines because they most'frequen'tly consist of several
. . ' ‘ - . . ' . Y .
R ., % general-purpose .metal-cutting machiné‘with a few robols feeding them from
' S : Ca RN
' conhveyors. - One robot and one machine tool might be a _simple flexible.
- ‘ . ) ’ . »
machinir’lg cell A more complex system might involve The machine’ tools,
. ~ o PR

/




/ = . Table 30

o

2

A

R

“

S

2%

by application

N . Syl
1985 /

Predicted Percentages of CAD/GAM-ilterfaced Robots gold

v

- i . - N — 1990
Assembly . _ .5 / 15
Inspection 10 ' 20
Welding - ° 5 10
Painting « 5 " . 10
Grinding _* S~ 5 10

. b \ ’ 3
Routing. o 10 15
Machine .loading : ! 5 . 10

. . o e
Parts Transfer . N \‘ S5 v o ‘. 4 10

Source: From Industrial Robots A Ded phi 4Eorecast

of Mérkets

and

Technologz (p. 64) by D. N.” Smith and R. C. Wilson, 1982, Ann Arbor,

qociety of Manufacturing Englngers/Unlversity of Michigan.

s
-

-
L - 1

Robots .
- ) [ ‘

. Table 4. Larggst Obstacle to Imblementation of CAQ/CAM-interfaCed

MI:

% Responses?

Obstacle . . . P

Economic justi{icatioﬁ (cost, profitability,

"prod-uctivity) ) _ 17
Technical personnel requirements 13
Software/programming 12
Data base development ‘and maintenance ’ . 8°
Intef{gcing with existing equipmeht - : - 7

- Employ&e acceptance : 2 "5 -
Mandgement commitmemt o : ' 5 y
Lack of expertise with robot's ' . b
Lack of industry standards ' 4
Maintenance requirements . 3 -
Better sensors and feedback required & 7 3
Shortage of computer ‘power ’ 1 -

Other mechanical problems o 13

. v Other - ‘managemertt problems 6
' - : * - 100
8percentage of reSponqﬂi in Delphi Forecast Sutvey.
. | ‘ .
Source; From Indystrial Robots: A Delphi >orecast of, Markets and

Society of Manufaé¢turing Engineers/University bf Mizhigan.

-Technology (p. 65) by D. N. Smith and R. C. Wilson, 1982, Ann Arbor,

MI:

A
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percent, respectively.~ L : t\\ Ve
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- ‘ o , i . _ . -
robots, a convayog or parts mover of some sort, and a host .computer to * '

. * ™~ - .

coordihate. everything. Acccording to Smith and Wilson's Delphi-forecast -,
. . ’ { . . . ' 2 : .

(p. 46), in 1985, of -all. thl robot? sold, 80 percent will_Be sold as 7

indifiddé% units, with 20 percenf)as componentslbf flexible manufacturing

» ’
-

' " ﬂ X . “ .
sygtems; by 1990, this proportion is e};ected tO'becope 60 percent and 40 ., -
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PRACTItALITIES OF ROBOT APPLICATIONS.

/ . P . . . T

3 . . [ : S e . . ) 0 -
Payback " Periods - - | | | 5
_-oMuch bgs bgen wn%tten~aﬁout robots improving production quéliéy or 1.5\\
= g

But' "in 1984, robot' -

- A

- AN

relieving humans from boring or hazargous work.
. - ~

- \\.
salesmen report that cost reduction 1s, the only incentive to which
- . . vy

prospective robot buyérsAare responding. A former enployee of John QPera
2 L _ >

. ) . |

Company says that Deetg’s primary objective in its 4initial robot .
. . » R . N .

application was, to eliminate hot, dirty, dangerous, and otherwise

-
-

uhple&ﬁant jobs, and to his knowledge the company did hot intend to lay
. N : . '( .
anyone off because of the robot installation. Upon fuither discussion,
S . ’ ) ~ oL R >y .
however, it begame apparent that the productivity of people on these jobs
N B . . ’ . LN -

had been very Yow; with roBots, it ‘'would be very high. So we're back to

\
economics. o o ) . ' N , . r/'
The authors have firsthand knowledge of a ‘typical robot ‘application

-

near Chattanooga State Technical Community College. One robot will replace

.-two.operators per shiff;}qading two presées. The robgot costs about $45,000
\ .

and the associated accessories and feed devices gost about $35,000, fofia[
' BTN ¥

total of $80,000. Assuming the robot will replace four people, the .. Y
- . . . - . . ) /zh
payback period 1is roughly one and one-quarter years. This company is.

growing, and no ‘employees will lose their joebs. The robot will .hélp the

~ -

- company meet Japanese competition.

-

Companies installing robots look for a payback period of two yeari;br

’

less. Thiseis an unusualfy short payback expectdtion.for—a large capital

investment, but it is the one normally associated with tools, dies, and

. v

17
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~

~subsvantially in the near future. " . ' .

L
laﬁor savings (see. Table - 5) K This, is. usually follOWed by quality

: 1mprovcment as measured by reJect reduction.j Arc~weld? grspplxcatlons in” f

Application “ | 1980 . 1985 " © 1990 o

Inspection { : | 20 30 | "40"" '
" Assendly o w00 | 25 35

ﬁanufacturiné Processes 20‘ | “ 20 | 50 .

Continuous Path Purposes 25 30 : 35

Pick—and-Place Purposes ) S .25 ‘ .25 _ 40 :

: 4 ' e
Source: ‘From Industrial lRobots. A Delphi Forecaat of .Markets. and

hard cautomation, all of which may becme obsolete ‘within two® years.

According to Smith and Wilson (p. 38), in 1981, the automotive, casting and

’

foundry, heavy manufacturing,  light l’manufactuang, electrical and

electonic, and aerospace'lndustries all sought average‘payback'periods of -

from two tv thrge years, and these averages were not expetted tof change ) B

-4
)
P '

The largest .item in calcu}ating a robot,&‘payback period is d1rect

, -

. oy ) *

;-

particular yield unusually apparent increases in quality: a robot can do a
- far more consistent job. For thlS reason, arc weldlng has been the 31n51/\'

largest robotics application. ‘ .
.o . S

Table 5. ‘Present and Predicted Percentage of Direct Labor Productiv1ty
Galns from Robot Applications

Technology (p. 41) by Pg N. Smith and R. C. Wilson, 1982 Ann Arbor, MI:
Society of Manufacturing Engineers/UniVersity of Michigan.

o

- Regardless of the application, robots are more likely to be used where
employee - wages re high or .rising rapidly. As robots’ become more o
versatile, their costs per hour of operation will go down, ‘whereas wages

. - . -

18




- . - ‘ o 1 ,‘ -d - .._ ‘.
Yy ’ .
R . B . .
o _— . . ¢ ) . » -
.' ' will probably contihue to increase, _ R
Lt is(Ner'y’ difficult to gené"{‘alize .é-bod_t; the hourly cogt of a robot,
but the current estimate is around $8. This is roughly based on a $100,000
“® . .
° robot cell wg.gking_ 3,}300 hours a year f9r three and one-hdlf years. As.
. production wages in applications appropriate to robots exceed §8 per hour,
robots jnl'{l be considered. N .
® . . |
Constraints on Robot Usage BN
¥ Technical barriers. . «,+ Would you'hire this person? : oo
’ . ) . Position wanted:

’~ Severely ‘handicapped wprker. available. One arm, two _ '
“fingers. Legally 'blind, totally deaf, can communicate .
by. signals only. Unable to walk. Limited sense of
feeling in fingers. Slow but steady worker. Will work o
any and all shifts. No objections: to hot or dirty’

e S -work. Will follow instructions to the letter...Does
’ C “~ ° not drink, smoke, or #fthew. Will be on the job 98 -
. " percent of the time, No coffee or restroom breaks. : .
There you. have a" personification of today's typigali-robot.‘ In spite
. . . , . -
®. . of the tremendous technical advances in, robotics over the past ten years,.
robots afe difficult to apply to most.factory operations. The authors have
.evaluated thany. potential robot applications in plants of all types. In
e most plants, the central difficulty lies in presenting manufacturing parts
y . -
. . . to’ the robot in a pfééise, Organized'fashiqn. Most robots ca t reach
into‘.a box of .loose, random parts and pick one out. Parts must be
L "~ presented with a feeder device so that the part is in the,proper location
“each time. In many cases, when the cost of the feeder device is added te
the robot's ?:ost, it becomes cheaper or easier to continue with a human
. - ’ . & .
o - operation.

[




Thus, perhaps the single greatest technical barrier to robot usége is
the robot's blindness. Artificial vision systems for robots hold great

promise but are 1in limited use. General Motors recently .bought
. -.oa . . 1 "
part-interest in two firms which manufacture vision systems; General

’

Electric markets a form of its .Optimation V?§ion sybtem for- bin-picking |

operations; and Machine Intelligence Corporation has a ‘joint marketing

effort with Uﬁ}mate, coupling Machine Intelligence's vision system with the

. /
. Unimate Prima robot. All of these systems use a solid-state television

camera with the image processed through a éomputer to the robot. However,
the vision systems themselves are in an. early gtage of development, and

/ - e

] most robots cannot yet make use of the computé%ized television image.
[ ' : “ ' . 1

-

: O;heé technical improvemenps are also needed, particularly in robot

. 'accurac%j.wéight—liftingcapacity, speed, off;line programminé capabfzzty,
and tactije sensing. - o . L - . |
High interest rates. High interest rates impede capital investment.

It" is much more “difficult. to justify- the cost of a robot when inférest
rates are 12 1/2 percent than when they are 5 1/2 percent. (At the tin
this paper waé written, in August, 1984, ¢h§ pr;me-lending rate in the
United States Qas‘IZ 1/2Ipefcént; in Japan, 5 [/2 percent.) With.a typiqal
robot costing from $45,000 to $80,000 and a robot system costing perhaps

’//,~\\\\\ $3 million, the cost of money is significant. o

| Sl&y growth and erratic business cycles.' Even if a robot will pay for

»

itself in three-years -- a 33 percent return on investment -- three years

\
using robots, mostly metal-working, rarely enjoy three consecutive years of’

is a long time in the preirnt U.S. businees cycle. The types of companies

.\‘.
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good, steady business. Many manag%{s simply are afraid to make long—term

invegstments.

’

This is why they ‘look for a ‘payback period of no more than
two years, They see, or think thdy can see, two years ahead. But not much
‘more,

4
Lack of trained people. Manufacturing doesn't have an abundance of

experienced and technically trained managers -— since the early 19503;-1t
has falled to attract enough of the brightest;'?most aggressive young
people. By and large ‘(although not in the very lafgesg_firms such as

General Electric, IBM, and the 'aerospace companies), today's factory-floor’

managers grew up in the shop. They thus have & wealth of shop expérience,

but they are not technically trained .and ‘have a strong bias toward ‘the'

status - quo, The problem of technical training for managers is being

L}

vigorously addregsed byb the Socief¥~/6f Manufacturing' Engineers and its

L4

" subsidiary, Robotics International.,

Poor irplementation. If a company's first robot application is not

(4

successful, the company is unlikely to install more robots until there is a
change~in managers. °Why .should a robot application fail?
e Poor choice of application. Perhaps the operation to which it

was applied 1s just too complex for today's robots. This
reflects poor management judgment.

# Inability to provide robot with consistently high-quality
© parts. Humans adapt; robots don't. ¢ -

e (Operation obsolescence. Operation Suddenly becomes obsolete
due to a‘canceled order or a change in marketing.

e Poor worker training or poor communication with workers.
People make robots work. Some of those people~are the
operators performing work which is fed to or taken away from
the robot. 1If workers want to make a robot fail, they can.,
Workers should be on the team that performs the feasibility
study before the robot application 1s adopted, |because .
teamwork — and worker acceptance -~ will be important to, the
robot's success. ., : ’ \ v (
. _ 21
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°. ROBOTS OF TOMORROW ' A

Accurate predictions are difficult to make, ‘especially
' when they concern the future.
. « ’ '

There is wisdom in .this bit of norisense. Predicting the future of

. _ \
. robotics in a way that can_ be "useful 1is probably impossible. In the
\ .. . V! i
) mid~1950s8, one of the authors wasﬁinvolved_in predic;ing“computer usage .
Ail sorts of studies were done and projections made. But the invention® of
® - ’

Y \ : ’ -
the transistor, completely unforeseen by a layperson made all these:

-+ predictions obsolete. The - same sort of thlng may occur in robotics.

~

Nevertheless, this section will 5ttempt to assess what may happen to
/

. o . . \ - ~ ) ¢ .
P : : ) '
robotics oyey/éhe next few years -- what charges can be expected in the

l‘ .
/ : “
.

robots thepselves, in their degree of use, in the companies produc¢ing-:and
. '/ . . . (4 -

N selling {obots, and-in their i'mpacts on employment. )
o
/ . ‘
Pérformance Characteristics _ " -
// \
) - // The - laws of physicslregardr;g leverage and weight are not likely to -
. . ‘\’p&w
® change, 8o most of 7the robots of 1990 will 1'?ok similar to today s robots.
But, as suggested below, the robots' capabilitfes -- particularly their
o . : _
"sensory perception and cbntr&l —-=~'may vastly incredse over the next six
® _

years. . t““_  : ¢

Vision. Tomorrow's. robot vision systems will be .three

4
imensional.

‘When coupled with an improved Tobot control, the vision system fould direct
. \ ,

¢ the robot hand to new spatial ¥points defined by three coordipates. This,
in the  authors' opiniops; will "lead ‘to the largesp” single fb?otics-
.. .
improvement. Robots could then see and grasp parts even if they were not
PY .
( \Q;e "
/

Lo | .22 | .. ¢
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presented in an orderly fashion, enabling robots to be used in hundreds of

)
thousands of now infeasible applications.

.
-

When will this happen? It depends on unpredic'teble technical
7/

. A - : '
brealit:hroughs-, bur it probably will happen. Many large companies and

"universities are working on it. Among the companies., General Electric is a

-
leader. Among the universities, Stanford and Carw.

- Language. (As robots develop better sensory perception, their language -

" capability will *algso improve. It may soon be possible to’give a single.;;g

L3

instruct:i.on-which tells the robot to, "move from point A to point’ B but

b 4 -
circle above and.ﬁi any objec¢t between thosd two points."”
. ‘ l. Ed
IBM and Unimation already have off-line programming languages. As

other robots become more spphisticated, they will be offered with languages

 for off-line programmi'ng." ' »

. #
Touch. How can a robot determine when an object is about to slip from

its grasp? This gensitivity 1is needed to hold a delicgte object t:ight .

s A

enough but not too tight. Human fing 8 can detect and prevent: a slippage

before it occurs. Robots may be able to soon. Impro:d tactile sensing
. :

will be necessary if robots are- to perform the subtle work reqmired on
]

del‘cate or soft objects. For example,'e robot finger should be able to

Ay v
detect the shape of an object by touching it, Just as a human finger can.

A human finger readily distinguishes a knife's cutting edge from its beck

\ . ¥

edge. A rqbot finger does not. '
Ptoﬁ&} aen'sing, The ability to Bsense an,impendi& collision 1is

important. Robots could have this ability now if their vision systems were

improved and if obstructions were ‘lighte'd properly\ But something hetter

-

‘. .
] L] - ~.
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"Royot Usage . m

- .forecast.

R
is on gh&gway. Proximity sensors, already available, will be improved and

. / :
fitted onto every robot. When an object is in the robot's path, the sensor

‘will stop the robot or direct it to a preprogrammed alternate route.

Self-locomotion. . This can. be the ultimate application of all the

¢ \‘ . .
other improvements. With adequate sensors and a sophisticated control,

there is no reasan -a robot could not roam.the factory fioor; performing all

.
»

sorts ‘of useful tasks. When the shift ended, the robot would retire for

the evening to the battery charging room, hooking itself up to the charger
and setting the charfing time depending on: the condition of its battery.

]

¢

The U.S. robot populatiop rose from 6,300 in December, 1982 to about

9, 500\¥n early 1984. However, the U.S.

(New York Times, March 4, 1984).
Department of Commerce ppediéted thdt, sales of‘ robots Sdomestic or
foreign-made) in the Unite& States would reach $270 million in 1983, while
the_actual total reached only-$137 million —--— roﬁghly 50 percent’of»th;

4

And this was in a .year when business oonditions were good and
inéerést rates relatively 1ow compared. with ‘198!'(n7 1984, Thus; all
pradic{iohs regarding robots must be t-eated warily.

Forecasts of total robot usage in the United States by 1990 vary fronl/

a low of 30 000 to a high of 300 000. In dollar volume, y%e figure most

frequently quoted is §2 bil}ion‘ The forecast of robot usagé which we have

chosen as being most probable. is shown in Table %)k' Most of the robots

forecasted will 'th)e used ]1n metal-working companies. 1In fact, most of the

Pofecasts which we have ‘reviewed (e.g., the Delphi forecast(/the'Upjohn




, Institute stuf}y cited further belo®, and virtualiy all vendors' forecasts)

show the automobile industry using 20-25 percent oft the total U.S. robot

populaﬁion. However, as illustrated in Table 7, the dse  jof ‘rbbots by

. +
‘jndustries in t?r "other” category is expected to grow rapidly.

w o

| | | .
Robot Produceérs S '

Most of the robots offered for sale in the United. States are made in

Japgn.  The list below is not intended ,to be all-inclh%éye‘ but ‘merely

o)

~fdlustrates the wayj) the market 1s supplied. New manufacturers are

. o ' e
continually entering the market, artd others are changing affiliations.

Brand Name y - Manufacturer and Countri of.Origin
Asea o B Asea ;—,Sweden |
~Bendix . J : Yaskawa -- Jaﬁén )
Cincinnati-Milacron : - Cincinnati-Milacron- -- U.S.
«General Motgrg/Fanuc -~ Fanuc —- Japan | v
Hobart . . Yaskawa -—'Japén
IBM | g o ' Sanko — Jépan
Prob. o &Prob -- U.S.
Unimation. | : o ' Westinghouse —- U.s.
. De Vilbiss Thermwood —— U.S.

acl the 1984 _annuaI' rtht sh;:\\{Robots VIII, held in Detroit),

Cincinnati*MilacroQ advertised itself as cumber one in U.S. robot sales.

However, many observers helieve that< GMF 1is the leading U.S. sellér.
Unimation, now a division of Westinghouse,'lost its lead when the market

shifted from hydraulic' to 'electric_ robots, The Wall S@reet Journal'of

\ ‘

/o

0
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Source

From Industrial Robots:

A Delphi For as

R \
Table 6. éorepast of U.S. Robot Population, by Application, 1990 .
: . /' . .
. Autos All Othér Manufacturing Total ) .
Range of ~ Range of Range of
o Estimate ' Estimate Estimate
Application Low’ Highe Low High Low High
Welding | 3,200 4,100 5,500 10,000 8,700 14,000 © .  * .
- . (21.3%) (16.4%) (15.7%) (13.3%) (17. 4%) (14.1%)" o
Assembly 4,200 8,800 ° 5,000 15,000 9,200 23,800
(28.0%) " (35.2%) (14.3%) (20.0%) (18.4%) (23.8%)
. } . . . . 1 .. .
Painting ° 1,800 2,500 3,200  5,5Q0 , 5,000 8,000 :
' (12.0%) (10.0%) (9.1%)  (7.3%)  (10t0%) (8.0%) : o
R e
Machine loading 5,000 8,000 17,500 34,000 22,000 42,000
(33.3%) (32.0%)  (50.0%) (46.0%) (45.0%) (42.0%) r 4
Other ., 800 * 1,600 3,800 . 10,500 4,600 12,000
. ' (5.3%)  (6.4%) (10.9%) (14,0%) (9.2%) °(12.1%)
Total 15,000 25,000 35,000 75,000 50;000 100,000 - ‘
Source: “From Human Resource Implications of Robotics (p. 50) by H. A.
Hunt and T. L. Hunt, 1983, Kalamazoq, MI: The W. E. Upjohn Institute .
for Employment Research. ? : - T
X
Table 7. Present and Predicted Percent of Total’ Robot Sh1pments,
by Industry J .
Industry 1979 1980 1981 1982 1983 1984 1985 S\“
Automot ive 17.8  20.0 92.2 23.3 " 23.3 23.3  22.5 -R
Casting/foundr 21,3 19.4 20.0 20.0. 1l4.0 13.3. 11.3
Heavy nufactyring - 9.9 9.7 8.9 8.3 8.1' 7.5 6.3\
Light manufacturing 36.6 - 33.3 33.3, 33.3 27.9  31.7 25.0 -
Electrical/electronic ~ 11.1 11,1 9.8 11.7 . '9.3 10.0 8.1 “T>-,
Aerospace T 0.9 1.1 1.3 1.7 2.1 2.1 2.0 /
L - .
All Industry «100,0 100,0 100.0 100.0 100.0 100.0 100.0
il 24 -

t of Markets and

Technology (p. 51) by D. N. Smith and R. c
Society of Manufactur1ng Eng1neers/Un1vers

w

.
i
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on, 1982, Ann’ Arbor MI: .
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.JPUF 14, 198w reported that Unimation had laifr—off 40 percent of its

. .
workforce, ¢ L ’

Y % e e et e e et e e e e e+ e e ma e

>

Vern Estes -of General ‘ ectric robotidsk, winner , of the ‘1983
LAY I

Engleburger\u\ward in robotics agknowledges that the huge entry cost in the

rObOt1Cb businpss will make it difficult for‘many companiel/}o survive.

that the bu 1néss will settle igself into a dual market pattern: (1) large

companies su as GMF, neral Electric; and Cincinnati—Milacron_will be

the market leaders in ral applicﬁ%ions, and (2) there will be a number

L4 N ¢

of strong companies carving out a niche in specialty applications — for

-

‘exampie; Seiko in precision assembly and Thermwood in paint spraying. .

~

~But regardless of the .market. lead " in . the. United. States, “the

PO

»’

.Some,_sdzh as CopperWeld have already drorpeJ out. The au hots beliewe .

manufacturing - lead is 1likely 'to remain .in, Japan\\ LOf  the U.S.

manufacturers, Cincinnati—Milacron‘Navpears ;6 be* the leader. To our
1. '

know}Eﬁge, theylmaketall of the robots they seli% -

* ! .I ‘__L.," .
( | - |

Iv@acts of Robots on Employment

Whole book84haVe been: written on this subject. Unions have forecast a
_ . ] .
loss' of mémbership. Schoo ~and college administrators have forecast new

career training needs. College professors find a ready market for their

long~term projéctions. Trade "associations such as the Society of

Goverpment manpower specialists, the U.S. Department of Labor, and the
U.S. Department of Education hire technical specialists t© analyze the

employment problem. Innfact, robots have created® a sizable number *of' jobs

‘ ..l N

- \
~ *
. ’ S .

: m~ v o :
" Manufacturing Engineers ~ hire consultants to determine job trends.-

g
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‘ . . for peopl& who jus‘t write abou,t" the imp.!ct: of robots. .

i L Thts - paper wil‘l not list all of -the publishéd hopinions on .the

.ﬁ..;,- ..‘b:.. | emle.oy;nent impact of robotics.’ Inste;d, \'ne_‘ want to present our own ¢ .

"y - , - . . , .
‘, opinfons about the impacts that we sée as beir@he most probable. Oug‘
o o reco.mmc;ndatio;‘s'in the concluding section are based on these opinions., [
" Robots and auto@tion. Robo':s represent the late;st developmeqt “in

automation. Automation began with the use of steam power in “the late

A hadl
° 1700s. Since then, indutri’alized ‘couhtri‘es'_have steadily learr;leci_ how to
\ “make more and more goods "w and less direét human léb;)r: Accordih‘g ‘
-.,‘./' . to da.ta from the U..S. B.ureau of ’I:kabor Si;tistics, manufacturing in the
- <United States ‘now acéounts .for only 25 percent of total employment,

compared ‘ith 33 percent/twe\mty years ago. Everyone who has lived through

-

® : this era has seen the impact ‘of this change -- pockets of severe
. ) . ° . v '

(memployment in t-heltr_aditional industrial. cities. We believe that the uses g
. . , -

of robots will accelelzate this tren_d,/and we agree with the forecasts g.iven~ W

, in Tables 8 and 9, ‘which are taken from an extensive stgdy by the Upjol;hr‘\.
T/ Institute for Employment Research, \

| Assuming 'the .worst case from these 'ﬁabl\es, 'we have a maxiQO of -

200,000 jobs displaced gnd 32,000 created. Assuming further that half c%\

® : ,
200,000 displaced alje_,laid off or -terminatqd, we have a net loss of 68,000
jobs by 1990.. In a workforce of 100 million, this is not serious —- unless
¢ . . : .
.you are one of those who loses a job. ,
® . | .

N o ' - There's the rub. The. job created by robotics,. such as a robot systems . °
¢ tecbnician position, 1is not usually ‘filled by the berson displaced or laid

off. And tho_ugh we may talk much about retraining, the faot is that the

.

e
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Table 81_ Predicted Job Displacement in the United States due to Robotics, by
Application, gumulative from 1980 to 1990 .

F 4

1980 Percentage 1980 - Percentage 1980 Percentage
Empl. Displaced ' Empl. Displaced Empl. Displaced

Application Level (range) . Level (rang®  Level (rarge)
Welding 41,159 . 15-20 - 359,470 3-6 * ~ 400,000 4-7
Assembly “- 175,922 5-10 1,458,228 1-2+" 1,661,150 1-3
Painting ' 13,556 ' 27-37 92,622 7-12 . 106,178 9-15
Maghine loading/ _ '

unloading - 80,725 1220 - 988,815 3-7 1,069,540, _  4-8
‘All operatives . ' -

and laborers 467,846 6-11 . 9,9544048 1-2 10,421,894 1-2

Source: AdaﬁteJIfroﬁ\Npman Resource Implications of Robotics (p. 78) by H. A,
Hunt and T. L. Hunt, 1983, Kalamazoo, MI: The W.Es "Upjotin Institute for (
Employment Research. .. : :

n

L2

Table 9. Predicted Direct Job Creation in the United States due to

Robotics,*by Occupation, 1990. | Y
. o N ‘ -
' ' Employment ‘ SN
, Range of Estimate % _ S
’ -+ Occupation S Low High Aﬁ
. 14 R .
S )
Engineers _ N 4,636 9,272
Robotics technicians s 12,284 24,568
Oftier engineering technicans ’ a T 664 1,328
All other professidhal and technical : , . .
.workers ' ‘ _ _ 936 1,871 :
Managers, officials, proprietdrs -+ 1,583 3,166
Sales workers . o 581 1,162
Clerical workers 2,908 . 5,817
Skilled craft and related workers 2,163 4,326
Semi~skilled metalworking operatives, - 2,153 4,306
Assemblers and all other operatives’ 3,763 7,$26 ¢ -
Service workers ’ ' \ 138 276 ‘
‘Laborers ' - S ' 279 . 558
- Total : ‘ o 32,008 64,176

*

Source: From Human Resource Implications of Robotics (p. 139) by H.. A. .
Hunt and T. L. Hunt, 1983, Kalamazoo, MI:' The W.E. Upjohn Inmstitute for "
Employment Research. - E : : _’é

-




laid-off assembler Just doesn't have the background or the time to spend

two years in electronics schbol-becpming a robot systems technician. More
about that' later. | _ ﬂ

The ' displaced or laid-off workér ,will probably bé a semiskilled
metal-%orking machine operator: -a press operator, diecast operator, spot
welder, etc. Eeqh company willﬁprobablywdttempt.to place such a person {g

B .
another job in the plant. But in_genarai,'metal-working plants aren't in-

growth industries ~and must. strive o .produce mpfe for less 1labor.

Furthermore, the semiekilled bperator probably has a 9th-grade education
and may.ﬁot be suited to another job; : N

~Another typical displaced worker is'the'atf—ahkder. This operator is:

'hiéhly skilled and is-among the higher paid workers in the plant. +But arc:

welding is an ideal robot'application, and one robot cah,do the work of

perhaps three human operators. The company will probably keep one Oferator

-

and let two go. (EVen with a robot,.it is necessary to" #ave an experienced
arc welding operater around.) ‘ . : K

Union involvement in robots. Union leaders understand the factory
A ! .

floor and the never-ending -need to automate. Douglas “Fraser, former

President of the United Auté Wérkers, says: ' ' !
Our union never opposed the introduction of new 3
ftechnology and automation. That's why we were able to

negotiate high wages and rich benefits -- because we're
a ,very, very productive work force.  Productivity
increases in the auto industry far, surpassed the
national averag You donh't want to resist -new
technology becausg it creates the larger -economic pie.
You're going to have to accept new technology to keep
pace wi€h the Japanese. What the unions have to do is
make certain that new ‘technology is 1ntrodu¢ed in a
civil way so that workers will not be thrown out in the
street., (U.S.A. Today, May 11, 1984)

L /
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The "problem with Mr. Fraser's statement is that he ﬁentions only the

Japanese, whose wages are now about 75 percent of U.S. Wagésland are rising 0

o !

_ N
much faster than those in the United States. But what agout Korea, -China,
.and Taiwan?  How will we compete égaiqst automated factories in those

countries, if the few factory workers average $1.50 an hour? T?’s is a.

“

‘larger question than robotics, but it is related and makes the impact of
‘ , robots pale by comparison. ' ' _ '

’

In summary, the'unions will accommodate robots in the way they have o

- L4

L ."accommodated auto&hﬁion in. the past: by taking a realistic view of what
needs to be automated; by accepting the fact that less senior union members

will be displaced; and by negotiating contracts which provide training,

o

severance - pay, and. job search assistance for 'those who rare displaced.

-Unionlmpmbership in the traditional industries will‘decline} as indeed. it
alreédy'has; o .

The bright side of employment. As we saia.earlier, robots are not
‘® going to efiminéte_all factory jobs, at least not bi 1990. As evidence of
. \ -~ ¢

—this, we cite the employment statistics of the U.S:'s three newest and most

automated. automobile plants.-~
B . ' .
e » e Nissan (Smyrna, Tennessee): 220 robots, 2,000 employees.

\

é General Motdrs (Pontiac, Michigan): 157 rdbots,. 5,500
empboyees at peak production, ' X
, ' ® General Motors (St. Louis, Missouri): approximately 150
robots, 5,000 employees. : : .
Despite the robdts and lasers, the paint finishéh-écvthe GM ~plants®
' « e :

will, according\to a GM employee, still be swabbed by hand- with ostrich

__~/ - feathers for smoothness!

. _ .
; . . — ) L . .
o K . : :
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ROBOTS AND TRAINING - . | P

[ S

Educators, particularly at two~year colleges, have made investments of : .

time and money to prbvide'robotics tta{:izgﬂgor their students. According

N

- to the Society of Manufacturing En%i:jj}s'.l984~l985 issue of its Di}étfarz, e

of * Robotics Education’ and Training Instituéions, 297 colleggs,

&

/

.universities, and technical institutes now have programs in robotics or

closely related ®elds such as automated manufacturing, Seven of these

programs offer doctoral degrees; 46, master*s degrees; 71, bachelor's

‘degrees; 183, associate degrees; and 29, no degrees.' Of the 297 schools,

242 have robot labs.

Assuming that each of the 307 degree programs awards 20 degrees

annually, we will- have approximately 38,000 professionals with degrees in
< )

robotics by 1990. Admittedly, this is a rough calculation, but it appears'

{

3

we may hdvbfa:rqbotics professional for every robot installed!

N o '

Why ié'This? . e .'Why are there so many prdgrams when there is an

average of fewer than 200 robots in use per statey and most of these aré in

the ‘automotive industry? There are several reasons ~-- e.g., for about

$5,000, a school can buy an educational robot that offers real value to the

students =-- but the biggest reason is the romance surrounding robots. They‘

are a popular topic..

¢ !

the auto companies'

-

Besides, they are fun! As one professor told us, "I S

~can't Reep'the students out of the robot lab. Students who formerly cut =« .

the labs now stay overtimel!™ ; }//”_‘//~ '
In Michigan and the other automobile-manufacturing states, there have

'3ire urgent reasons for robotics education programs: the jobs are

\

he{ii McComb'COmmunity College in Warren, Michigan, responding to 

demand,' became one of the early leaders in robot .

32 o -



wf;educatiohf As ‘McComb graduates were hired, other schools (such as Oakland -

. ~ under the direction of Ed Knoppa,,forméfly of McComb) opened ‘comprehensive

technology centers, including training in robotics.

2 . ’ ’
_ Another practical approach was taken by schools such as Chattanooga

State Technical Community College Chattanooga has a broad .industrial
. ) J

base, primarily in metal-working and textiles. 1In 1980, 42 percent of the
* : -

population were employed in manufacturing  jobs; ‘Chattanooga State felt \\\\

4

.that it was  important for- local ingdstry' to have a source of trained
technical personne{. 4Programs in robotsl along with computer-aided deéign
(CcAD) apd‘_computérﬁ numerical control (CNC) were established to help
traditionalil@ca} coméahieé take advaﬁtage of the newest technology.
ﬁisewheré{ﬁﬁlkﬁe'South -~ 1in the Car®linas, Florida, and Mississippi T .
-- there: are .éimilar programs with 'similar' motives. These robotics
educatjon progrgms have Seen’establishéd and funded to promote économié

development, on‘the theory that companies will build manufacturing .plants

where ;echnical education is available.

~ Danger Signals for Two;Year Colleges
We are -.concerned that many two-year colleges are offering narrow

Qe

v associate degrees in robotics when very few jobé will be available for
their graduates. Oq£y/thé largest companies will have enough robots to

consider hiring someone whose specialty is limited. to robot technician

work. in.fact, a high-ranking official at General Elec&ric, one dfykhe

_ _ . '
largest\robot'users; told the authors that he would not even interview

someone with such a narrow specialty. Nissan Motors in Tennessee, with

) ' .
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over 200 robots installed in one plant, does not have a Job slot ‘for a;

$ ~ g - - 8
technician who specializes solely in robots. : ’
. . \ - '

We believe that two-year-college students are best served by a brdad

education in_eithgr-electronié or mechanical theory, with robot application.

4 ] . !

courses as papf of their second-year studies. They should know the theory

¥

and practic¢ of robots, but, even 1if they never see a robot after college,

they should be able to find jobs.

. b ,I
From, its inception' Chattanooga State's® robotics program has

[

‘-:bgen part of a broad course of study on automatioh systems. This course of

."&

"study involves a thorough education in basic electronic theory followqd by

application studies, including 1?botics, ,programmable_ controllers,

computer—-controlled machine tools, and computer— aided design. A graduate
should know basic electronic theory and should be able to design 1nstall

and maintain all the communicaxion 1rnks necessary to form a manufacturing

.8ystem, even if no robots are involved.
y ’ :

b ¢

Four-Year Robotics Education
'The authors' have had no exgprience organizing ‘robotics education Lt
the four-year-college level, but they have visited several univdrsities.

that are involved in roboticg. Carnegie Mellon in Pittsburgh has a very

broad robotics_ research prdgram. Brigham Young in.‘krovo, Utah has an
excellept manufacturiné engineering progrém which includes robots.  Purdue
Uniﬁersiﬁy is 1installing a t0t81. system of manufacturing aut?mation. .
Georgia Tech 1s specializing 1in automated~ material ﬁandling.;‘ The |

Mapeachusetts/}nstitute ogy, the University of Michigan,'and the

N
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For a complete/listing of all colleges and liniversities offering robotics

University Ofe/§;?(£98 have well-established robotics research programs.
tfaining, contact the Society of Maﬁufacturing Engineers in Dearborn,
o ' .

Michigan. As noted previously, they publish .an annual direct;ry of sghools
" offering robotics training. |
Y | .
Recommendations for Robotica Education
¢ The recommeﬁ;ations.mbelow are based on the authors' exggrience‘ in
robotﬁcs'eduqation at tﬁettngyear technical-college level, plus-visits to

many educational institutions ‘at all levels.

Secondary vocational gchools. Secondary vocational schools should not

offer robotics training. . Instead, they should offer the 'b§§&6§ in

£

electronic and mechanical subjects.  These basics can then” be the
V/ ‘o .
foundation_ for specific robotics training in industry or in a technical
/ ' r
college. !

Specific robotics training at the Secondary level 4is unlikely to lead

)

to robot-related jobs in industry unless a particular local company ihas
spongsored a- training program and®offered jobs to- thé graduates. Qlli
) * . - - /

specific robot training at the secondary levgl prepare a student for the

academic requirements of «a technical colle The theory ~— of computers,
* mechanics, and electronice -—= must precede C robotgps training. )
Two-year tochnical colleges ‘with ro tics prggrams. he greatest

number of robotics training courses are ng offered in tw0*year technical

colleges. At the last count, 183 colleges offered associate degrees in

robotics == 123 of them with ‘robot Yabs (Society of Manufacturing
| ¢

<,
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Engineers, 1984-1985). 1In addition to the recommendations below, ‘these .

colleges might wigh to  consult the ' list which follows, -to obtain
. . i ‘ . .
suggestions about possible program revisions.
e : . _
vl 1. Don't” call your program “Robotics” unless you are being sponsored

Y by . a roboAt\ user who will hire your graduates. Call it something .like

¢ L]

, "Automaton, Systems® or "Advanced Manufacturing Systems.” Robotics is too

‘.narrow.a specialty. —
. , . _
2, Tell your incoming freshmen that they shouwld nogt plan on jobs

involving only the use of robots. Educators with 1ndu§tria1 contacts have
; ..../4

known this all along. But an 18- or 19-year-old freshman accepEs at full
|

value the “robot revolutian" stories which circulate through the media.

3. Add the'use of programmable contvollérs as part of the .robotics

®

training. A graduate who understands programmable controllers will be \kj

valuable to all sorts of industrial companies, even if the company never

uses a rabot.

4., Send-a personalized letter to every éompany selling robots. Ask
‘ .

¢

for .videoo.tapes of their products plus any case gkudies they have on

applications of their robots. We have found these to be very valuable.

%

5. . Join the 'Roboﬁjcs International Division of the Society of

e ,
]

Mapufacturing Engineers. They have excellent educational materials.

6.  Offer to establish a summer pfogram for high school and college

teachers in your stateé. Assuming you are a state-supported school,‘your '
. ’ [ )
state governing boards should help finance and organize such a program.

!

7. 1Invite your state's departmens of economic devéIOpment to come for

a one-day séminar. It is a source of support, financial and.othervise, Qlﬂ‘i’
\ ' '

.
- ¢ .
s ) . ?
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® Two~year colleges with no robotics programs. The - following

v 7

recommendations might be considered before starting or fevising a robotics

program. . M
® . h 1. By surveying local industry, find out whether a robotics program

is needed in your area. A ndeds assessment is the normal th for two-year

,\

sp*echnical colleges to determine what to'offer, yet robotics programs have
~ ' !
® . occasionally (perhaps usually) been started without needs -assessments.

Many educators with whom we have talked feel that their schools will fall [:

behfhﬁ\xfthouc robotics programs. . N

AY

e . ) 2. .Assuming th’at a- robotics program is _needed. in your area, wA@t

should you teach? Should the program stand alone or be am option within an
existiﬁ’( course of study? Should the prbgram focus on electronics or

® | ' mechanics? Should it focus on theory or application? " What are the
. - ’ [

industrial jobs for which your graduates will apply? This last question 19}
a key one, since you need to know what your'graduates should> be able to

® - do. If this question is pursued vigorously with local industry, it will

{ answer many of the other questions.
1 3. No one set of recommendations can apply to every two-year
".. ‘E;ﬂlege. " The local area's needs will determine how involved with rébotics
the coliege should become. We see four-aistinct levels. .These are listed

below in ascending order of complexity and funding. L _ o

o,

—

P - ‘
® : . : e Level l: .a program using video tapes and printed material to

show the theory.and application of robots. This prograg would
not be listed in the catalog but would simply be added to an
existing course. ' :

'~ o Le 2; all items in Level 1 plus hands—~on expérieﬁce with
® . - educ®tional robots. (Sege Appendix A for a list of sources of
® . . . /

. ' B - 37
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S such robots.) These robots cost from $1,500 to $5,000 and comg. . -
o Q\ with instructors' guides and lab exercises. Our experien
~ _ indicates that students learn as much (or more) about the

d theory of robots from.these machines as from full-size ones. ’
But they can":: learn applications. ) T ‘

e Level 3: all of Level 1 and-tevel 2 plus a full~size robot ‘in
® an application cell. 1If ia college is going to acquire only .
' : one robot, we recommend an eleg¢tric, 5~ or 6-axis, jointed-arm
robot. With such a robot, costing $40,000-$50,000, virtually . , /

N
« i

every kind of application can be ytaught. Thi's type of Yobot .

was originally designed for arc welding but has been used for A

nearly every kind of application except spray painting. They e

() are rugged . machines requiring ,practically na mechanical ' j

‘ ’ maintenance == whic_h' is one reason why we see no sense 1in . :

training people to specialize in robot maintenance. Wirh <

Level 3, you'll need an electronics technician to interffice ¢ l

the robot with peripheral devices. ' '

. : 0 .

@ e Level 4: all of Levels 1, 2, and 3 plus a variety of robots

) pejforming a 'variet:y of "t:a%s in 'conjunct:ion with other

computer—<ontrolled equipment, programmable contrglYers, and

perhaps a CAD system. This is currently the ultimate in a

computer—integrated manufacturing system,, with a cost running

. N imto seven figures. The National Bureau of Standards in

o * " Washington, DC has such a system. Its. value for educational

' purposes - is that all of the elements of an advanced ' .

manufacturing system can be seen in one location. From a '

practical ‘standpoint, we -recommend that there be. one such

installation in each industrial state, and that instructors

. from more mbdgst robotics programs be trained there in summer

® ' workshops. - Students  and company employees desiring

sophisticated hands-on training could also attend the summer
-workshops or gspecial courses designed to meet their needs.

t . o 4. Regardless of the level of ’%bot:ics trdining chosen, we recommend
@ - - that students be taught to integrate robots into systems of production

machinery. We believe that 'ir)dust:rjr’s greatest need from a two-year

' + - college is for students who have the electronics and computer knowledge to

‘s

() interface the newest production effuipment, inclua’ing-. robots. We have found
that, students trained in electronics can bick up a lot of the mechanical

elements of robotics on the job, but students tfained in mechanics cannot

-
2

. #

8 similarly pickAup electronic elements. For this reason, at Chattanooga {.

u
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‘loader on every shift.. Some robot applications can pay for themselves in

4

! . [ . .
Sé)te, the robotics program is an optiQp of 'the electronics chnology
‘ wey . a‘ . " .

program. w

5. A robotfics education program should include at least $3,000

annually per instruc over the, cost of courses for the instructor,

pl@s travel expenses. Robotics is a fast-changing field. Your instructors

will never finish their own learning processes.

——

Industrial managers. These recommendations are based on one author's

experience in appliance manufacturing prior to becoming an. educator.

1. Even if youf productiqn volume is low, consider robotics. Single

A Y

éneumatic robots costing between $10,000 and $20,000 can replace a machine -
: A : : . .

Y >

less than nine months.

2. If you feel inadequate in robotics, .ask ;&our local technical
. b

school’ for help. They are looking for real-1life applications.

T

3. WHile robots are simply production hachines,.they may represent

threats to your employees' jobs. For your first robot application, pick an

unpleasantyjob — a job that nobody really likes.

4, Involve'production_employees.in the robot feasibiiity study. If

they.hnderstand the robot application, they will make it work.” * If they \\N

.doJ't Q@nt it "to .succeed, you'll have -contisnual problems and will probably

A Y

nevel install a second robot.

Y

5. 1f possible, install_the first~fbbot during a period of business
expansion so ?at you don't lay anyone off. ®Employees cannot be expected
to support automation when their jobs are threatened.

6.. Don't order a robot by itself, figuring your own staff will make

”

P

pv

N\
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Ydemand for roéotics people is simply not great ensugh to justify spending

A

it work. Euy a'turnkey~production cell. 1Most robot manufdcturers of fer

4 N

this JLrvice or will refer you to the robot systems firm they use to design

the cells. Specify the job or jobs the. robot is supposed to do, and only
pay the vendor when the robot is performing them satisfactérily. .qu a e

vendor will not agree ‘to this srrangement; change vendors. . :
. — “ ' _Q i
Government manpower agencies. These recommendations are based on the

v

authors' experience with the local Private Iqﬂustry Council in Chattanooga.
" 1. Don't be concerned about robots caus*pg large*Scale unemployment.

Robots will be only one of many factors which will cause a drop in the,
1

percentage of Americans working on thé"fscrory floor.

3
. ‘e

A

2. Don't attempt to set up short-term robotics training unless a

specific company 1is -offering- jobs at_the completion of training. The

gotgrnmenr fupdsion roboriss training. <

3. Do be concerned about . entire ‘plants being closed, reloh?ted

hundreds of milss away, ﬂpd rebuilt with completely automated production

systems. Some industrial managers believe that it is more effective to

~design an entirely new plant than tg automate an old one piecemeal. This

type of decision goes far beyond‘ robots. It may not affect aggregate

nationﬁ} émploymgqt figures, but it can cause severe local problems,

4, Don't bet too heavily on the bright promise of "high-tech. ‘¢

retraining” for displach‘WOrkers who have been laid off or“discharged. 1f

jobs sre‘aVailable locally in some fiéld akin to the worker's former job,

-

then retréining has real possibilities. The training can be short-term,

and many of the skills may be transferable from the old job to the new-
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v

N
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one. But if the person has been in a well-paid but unskilled job (the tyﬁe

most likely'to_bé displaced by a robot), one to two years of training will
be . needed to 1earn'a‘new, marketable sk{gl.paying comparable wages, Hgﬁ

many' unskilled prrkers have :;he basic ‘educational ‘background to handli

training in-the wew technologies of computers,. electronics, and robotics?
L]

" —— And even if they do, how many'have'the money to stob work and pursue

expensive .trai:i;g?\ 'These are _somé of cher'obstaples to high-tech

oen
E 4

retraining. f

5.. Accept the fact that many displaced industrial workers can best be

. .‘ ' ’ " : .
trained to han{le local service jobs. These jobs don't ‘usually pay as much *
: . ' : :

as an industrial ob, but they are available, their required knowledge can

be learned in short-term government-sponsored training programs,’and they
~ &) .

are ugually non-cyclical, Examples abound in food servige, route sales,

- <« [

e clerking, and similar areas. Because of gfersonnel turnover', these

1Y

< o
jobs. frqupﬁtly offer opportunities for at least one- or two-stage
' - - .

advancement. Convenience’ store clerks frequently become store managers.

v

St dents at two-year technical colieges.’ ! b |
. l. Don't count on a knowledge of robots to get you a job unless a .
¥ a

company using robots has discu;sed hiring you. There just. aren't enodgh

robots around.

2. Achieve a basic understanding of'giectronics and computers. These
are at the heart of all robotAapplicatiOns and will enable you'to get a job
é:en if you never see another robét.

3. If possible, become proficient at #ither robotic arc~welding, .

robotic electronic-parts assembly, robot machine~loédfng, or all tpree.

\

ro . | o
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® Then, wheqfépplying for a job, fihd out what robot applications the compan‘&
has. Qha£es are the cfmpany will bhe using one of these three appliqagioné'
. . and will be interested ifi you 1f yod~are good at what they are doing.
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CONCLUSTION 2 o —

i

»

As discussed earlier in the paper, all of the technical constraints of

, *

© robotics - are being vigor0usly. attacked bf\\:i:fral major - American

manufacturing companiés;-'among _them General Moto s,.'Generai Electrfé,
Westihghaﬁse,:and Cihcinnati-Milac:on. in five to ten years, we shbglg~éee
significant.:impfovemgnts in the techn;cal cépabilities 5% robots. * 1In
addicibn,-thq U.S. Congress %sfconsidering_se?era} billsuwhich would offer
incentives for companies to ihvest 13 robots. (These.bills have not beer
anélyZed here, becaube' they are beyond tﬁis _paper's scope.) If ‘the

industrial economy continues to look prosperous, we

-

may see Tore robots

installed than have begn forecasted here; if the economy stalls, we may see
\ - . . .
less.

In” education, we are producing an annual crop of graduates in robotics

who are eager to find jobs and hpply'theif new knowledge. But, as the

prior section has cautioned, it-is important to keep educatiqnal services .

in balance with industry needs. -In some instances, it is“necessary to lead

industry by offerings training in a field before industry perceives a need

_ *
F&s people so trained.: This can help to stimulate industry's interest in
' v 'S ' ' L5
the field, but the peoplﬁ trained may not be able to find jobs immediately
] ) .

in their particular areas of expertise. Robotics may,Be a case in point.

3

L)
v
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APPENDIX A

Educational and Hobby Robot Systems

RB Robot Corporation
18301 West 10th Avenue
Suite 310

Golden, CO 80401

 RB5X (mobile)

BRAT Series (fixed)
401 North” Salem Avenue '
Arlington Heights, IL 60005
TecQuipment, Inc. TQ Smart Arms (fixed)
P.0, Box 1074 '
Action, MA 01720
(617) 263-1767

*0&M- Computifg, Inc.
Box 2102
Fargo, ND 58107~
(701) 235-7743

Armdroid I,(fixed)

Minimover (all fixed)
A Teachmover, ‘

Microbot, Inc. .

453-H Ravendale Drive
Mountain View, CA 94043
(415) 988-8911 -

Polaris.(all fixed)
Centari,
Mercury,
Hercules

Amatrol, Inc.
P.0. Box 2097

. Clarksville, IN 47130
(812) 288-8285

Iowa Precision Robotics, Ltd.
908 10th Street
Milford, IA 51351
.o ,\\(712) 338-2047

Marvin (mobile)

Executive Managemént Company ComroTot (mobile)
2425 East Thomas Road '
Suite 8-

Phoenix, AZ -85016

- Harvard Associates, Inc,
. 260 Beacon Street
Somerville, MA 02143
& (617) 492-0660

Turtle Tot (mobile)

. Model 5440 (fixed)
(IBM 7535with
complete work cel

‘Technovatk, Inc.
910 SW 12th Avenue
Pompédno Beach, FL 33060

~ (305) 946~a§70




"Feedback, Inc.

(201) 464-5181

)
Prep, Inc.

1007 Whitehead Road Ext..
Trenton, NJ 08638

(609) 882-2668

Hobby Robot Company

P.0. Box 887

Hazelhurst, GA 31539

(912) 375-7821

Lab-Volt Systems
P.0. Box 686

620 Springfield Avenue
‘Berkeley Heights, NJ 07922

Fargingdale, NJ. 07727

(201) 938-2000

" Educational and Hobby Rdbot Systems (Continued)

<

-1

Armdraulic (bofh fixed

and mobile)
rmover,
Armadilla,
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. HIGH TECHNOLOGY. EDUCATION: A'PROGRAH oF HO?K

- The following publications have'been developed by the Office for
Research in High Technology Education for the U.S. Department of
Education's Office. of Vocational and Adult Education:

_ : N\ :
At ngle in the Office: .

»

‘o At Home in the Office: A Guide fog/ﬂhe Home Worker

- COMTASK:
" e Procedures for Conducting a Job Analysis: A Manual for the COMTASK
Database
o COMTASK.User's Guide . ' - L
- State-of-the-Art Papers: - -
o S N ‘ .
' " @ The Changing Business Environment: Implicgtions for Vocational P
.- Curricula : D ‘ e 7/ '
o . /A -~ s
!' e Computer Literacy in Vocational Education: Perspectives and '
Directions _ : '
® , _ ‘ -. _
| ~ ® Computer Software for Vocational Education: Development and
Evaluatfon

o ' o Educating for the Future: The Effects of Some Recent Législation on
/ Secondary Vocational Education W o e

<

o The Electronic Cottage

e High Technology in Rural Settings-

g

® (Re)Training Adults for New Office and Business Technologies

L]

e Robots, Jobs, and Education

[ ]

e Work fn a World of High Technology: Problems and Prospects for
Disadvantaged Workers , _ . o




