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Dr. Merchant, you have partici-
ated in many studies that are assess-

Jpe technological forecasts of the fu-
Ure of production engineering. Are
fiere any trends that stand out?

- Yes, there is one overall trend that
tands out above all others as the ma-
* eXpected technological develop-
SENLin manufacturing between now
‘ d(fh_c year 2000. And that is the ex-
‘, at:(tjm.n that the computer-inte-
~ automatic factory will be a
cality before the end of

a‘t")’(’){lhix Sudden,
3 » )U()I’ will it take
gwossﬂfral consensus from lead-
*-chrl:\ gives the following
b y 19800-£ Major developments:
e g, fu‘ll “Omputer software sys-
atjqy e laulomapun and optimi-
: Steps in the manufac-

emerge in the
place in steps?

omputers Advancing World
Manufacturing Technology

Jough the digital electronic computer was developed in the United States,
| a powerful tool to increase manufacturing efficiency and pro-
 ductivity is recognized around the world. Many nations are giving top priority

o the development of computer-aided design and manufacturing systems.
They definitely will be part of the future.

' KEN GETTLEMAN, Associate Editor, interviews
r M. EUGENE MERCHANT, Director of Research Planning

turing of a workpiece will be
developed and in wide use.

= By 1985, full on-line automation
and optimization of complete manu-
facturing plants, controlled by a cen-
tral computer, will be a reality.

= By 1990, more than 50 percent of
the machine tools produced will no
longer “stand alone.” They will be
part of a versatile manufacturing sys-
tem, featuring automatic part han-
dling between stations, and will be
controlled from a central process
computer.

The experts who formed the con-
sensus leading to the above conclu-
sions were members of CIRP (Inter-
national Institution for Production
Engineering Research), a prestigious
international organization of leading
manufacturing researchers from
around the world. Have any other
studies arrived at the same or similar
conclusions?
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University of Michigan
of Manufacturing
a similar study

Yes. the
and the S\‘L‘IL‘I)
Engineers conducted
.mCi the conclusions closely p;lrullcl
carlier CIRP findings.
he underlying
o bring

those of the
What do yvou see ds 1
nd incentives at work
about the development of the com:
/rulvr-izli("gruh'(/ automatic factory?
[he most obvious technological
fact is the reality of the powerful, el
ficient. and relatively inexpensive
digital electronic computer. But
there are also very strong economic
incentives and social forces at work
around the world leading to the com-
puter-aided design and manufac-
turing developments. :

forces d

How would you (‘/ulru('l(.,.lﬂ(‘
cconomic incentives? %
N17||11|I"|t"ll||'i|wg contributeyg |
proximately 30 percent of the »‘lp |
national product of’ moderp inﬂm'\
trialized countries. Yet, in Sp“k‘uh',
that, manufacturing is not the hit,}nt
sroductive and efficient activig &11‘
normally thought to be,. Tgil,l -
clearly true of batch-type m;'ls
working manufacturing, which l‘
counts for about 40 percent of ‘h(t.L
manufacturing employment, T|;ll
mass production type of mzmuﬁce
turing systems. such as automot‘iv-
transfer lines. account for less thae
25 percent of metalworking partng
manufactured. In fact, 75 percent of

the
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: Dr. .M. Eugene Merchant joined Cip-
c.mnatl Milacron in 1936 as a Coopera-
tive Research Fellow at the University of
Cincinnati and assumed his present posi-
tion as Director of Research Plzmning'in
1969. His research activities have in-
cluded basic and applied research on
manufacturing processes, equipment
and systems. and the future of manufac-
turing technology. He has presented nu-
merous papers on these subjects.
~ Dr. Merchant is a Member of the Na-
tional Academy of Engineering. He is a
Eaecrzfrg M%mbe‘r of the Society of Manu

n gineers »
and an ILgIorg)gJ ! ” %:m,




arts are manufactured in lots
isting of less than 50 workpieces.
ey the life of the average work-
. in batch-type metal-cutting
tion shops is analyzed, only
out five percent of its time is ac-
jlly spent on machine tools. Of
at five percent, only about 30" per-
at (112 percent of the overall time)
actually spent as productive time
removing metal. This result is il-
ustrated graphically in Figure 1.
jis situation can hardly be called
conomic or productive. Further, it
uly pinpoints the two main areas
yhere the greatest improvement can
be made in economic and productive
metalworking manufacturing.

Society of Lubrication Engineers (Presi-
dent 1952-53), and of the American
Society for Metals, the Ohio Academy of
Science and the Institute for Advance-
‘ment of Fngineering. He is a registered
“Professional Fngineer in the State of
" Ohio, a repictered Manufacturing Engi-
" neer in the State of California, and a
" Certificd “lanufacturing Engineer.
© Dr. M orchant was awarded the Distin-
b guished Contributions Award of the San
' Fern.ndo Valley Engineers’ Council in
1975 (he Medal of the Polish Institute of
Mctal Cutting in 1971, the Distinguished
Alumnus Award of the University of
Cincinnati in 1969, the Research Medal
of the Society of Manufacturing Engi-
neers in 1968, the Richards Memorial
¢ American Society of Me-
ers in 1959 and the Na-
American Society of
% in 1959, In 1955
nati's “Engineer
hnical and Scien-
of Cincinnati.

tht Iwo areas offer the greatest
potential productivity improvement?

The.ﬁrst area is to reduce the time
workpieces spend in-process in the
shop. This will reduce the high and
costly inventory of unfinished parts
on the shop floor and of finished
parts waiting for others in-process so
that assembly of the product can pro-
ceed. It is evident from Figure 1 that
this inventory could be reduced by
up to 90 percent. Resulting reduction
of indirect capital and labor costs
and improvement of productivity
could be enormous. Here, indeed, is
a major incentive to develop and im-

plement a computer-integrated au-

tomatic factory.

What is the second potential area of
productivity improvement?

Vastly improved machine tool uti-
lization. The 30 percent machine uti-
lization indicated in Figure 1 must
be combined with the fact that the
average conventional machine tool
spends approximately 50 percent of
its time waiting for workpieces (be-
cause of the 95 percent time-in-tran-
sitshown in Figure 1). As a result, the
average machine tool in a batch-type
shop is being utilized productively

(actually cutting metal) only about
15 percent of the time. Thus, itis evi-
dent that this utilization potentially
could be increased by 600 percent or
reduction of direct
ad costs, and in-

more. Resul
labor and ov
crease of produ
substantial. O
and implement a comj
grated automatic factory
year 2000.




- vinued rise of 1a-
How aboul the continue )

bor costs? = i
As Figure 2 shows, the rea

labor around the world has been go:
i > i 1965. The compen

ing up ever since s

sation per man-hour has 1 i
faster than the output per man- 0’ A
This situation has become even more
uneconomic in the past five years
Jdue to the rapid rise of Wages in the
current inflationary world economy.
This is coupled with failure of manu-
facturing productivity to mcnease at
a comparable rate. This sntuatton can
only be reversed by improving the
rate of increase of manufacturing

productivity and decreasing the de- P

ree of labor intensiveness, Or both.
These benefits can be accomplished
by developing and implementing the

computer-integrated automatic fac-

tory in the near future.

It is obvious that there are major
economic incentives. What about so-
cial forces?

There are three: the attitudes of
the workers- themselves, their em-

ployers, and our government. They
are also impelling us toward the
computer-aided manufacturing con-

cept for tomorrow’s factories.

What is happening in workers atti-
tudes toward manufacturing?

There is an ever-growin;: reluc-
tance of workers to t?xiinxu them-
selves to the manufacturing environ-
ment coupled with an ever-

growin
t]fﬁnd toward the service ii!*:l't‘"3~5x"i€‘s‘g
¢ same thing is happening in man-

ufacturing that happened in agricu]
ture. In 1790, some 90 perccnt‘"‘ £ all
yvorkers in this countr
in agriculture. Toda

of all

y Were engaged
. & O

Y, 1t 18 less than

126 MODERN’MACHHHESHOP

four percent. As agriculture employ. -
ment went down, manufacturing
employment went up. We are now
seeing a decrease in manufacturing
employment as the trend moves
toward the service industries,
What is the expected manufac.
turing employment by the year 20007
Some researchers estimate that
manufacturing will only require two
percent of the workforce by the year
2000. A more realistic view seems to
be around 10 percent, as opposed to
some 23 percent today.
How about employers?
In all industrialized nations em-
loyers are wrestling with the prob-
lem of workers attitudes that show a
significant degree of employee dis-
satisfaction. Thus, they are searching
for more meaningful jobs. While the
number of manufacturing jobs will
go down in the future, the computer-
aided concept will be a positive force
in making the remaining jobs more:

B i,:;

and safety to o
velopment of



and safety. For example, In
nited States we have a strong
oward part handling and feed-
echanisms so that a worker
need put his hands or any part
pody in a hazardous area, such
) press opening. There 1s also a
wure to reduce noise levels to 90
ven 85 dbA. OSHA 1s now direct-
tention to the dangers of close
ciation with certain chemical
pounds. Other nations are put-
pressure on their industries for
ilar work environment improve-
ents. This has provided an addi-
onal incentive for computer auto-
mation of factories.

- Have you found a general world-
Wide awareness of the economic and

. Time In Shop
5% Time On Machine  95% Moving and Waiting
A J\A

B d

b e, /3

[ =, 8
v N

In Cut Less Positioning, Loading,

Than 30% Gaging, Idle—70%

Fig. 1-Life of the average workpiece in
the average batch-type production shop.

Fig- 2—Output per employee-hour and labor costs in manufacturing, 1967-'75.
Source: Bureau of Labor Statistics Bulletin 1926.
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social forces pushing towqrd the co;;a-
uter-integrated automatic factory: "

Yes. there is both an awareness O
the forces and a general qnder-
standing of the computer and its tWO

owerful faculties that will ultl-
mately make the new manufacturing
concept a reality- : i

What are the two unique faculties
possessed by the digital electronic
computer?

They
both the hardware and software
components of manufacturing with
on-line variable program (versatile)
automation and on-line moment-by-
moment optimization.

Are there many research projects

throughout the world to develop the
ability of the computer to so function
in the manufacturing environment?
Yes, many countries have pro-
grams underway. Although realiza-

tion of the fully computer-integrated -

automatic factory is the long-range
goal of the national programs, it is
well realized that to get from today’s

are the ability to provide

industrial methods, know-how g54 |
installed equipment to that goal re.
uires an evolutionary, rather thap 5
revolutionary, process. The Strategy
being followed, therefore, is to de.
velop and implement a series of vj-
able, economic steps in the form of
short-range programs of research
and development, each having two |
essential characteristics:
1. Potential for sufficient economic
return to justify it and to generate
enough capital to develop and im-
plement succeeding steps.
2. Compatibility with eventual im-
plementation of the computer-inte-
grated automatic factory.
Are these programs all unique
can they be categorized? :
They tend to fall into one of fiy
definable categories. 1
It would be very worthwhile to re
view each of them. What is the firstd
The first category is the develop
ment and application of broad com=
puter control of manufacturing pro¢
esses and equipment such as

or

The ICAM (Integrated ¢
tiated by the United State
for integrated computs

ompatet Aided Manufacturing) project was recently ini-
" Force to develop new basie software modules needed

the ICAM prime conts " tanufacturing, Softech of Waltham, Massachusetts is

The Delphi research techn | '
e : chintgue involves stating a number M | oods
a group of experts, all of whom are unglmown ‘0 02‘ 0&‘:‘0‘2‘(:!2]‘8““0;‘:2

asking

preclude one person’s answer fr
ver from influencing another’s, to give their estimate of

when such likelihoods will oceur, For
asked the question “A vaccine

example, 100 knowledgeable persons might be

e (o prevent ca
later, never?” If most of the rey ‘ e (LT P, 2000,

hood that the event will take p;:':’::‘:»‘
the wording of the stateme t
done correctly, the Delphi me
above question would be

nter on a certain date, there is a very good i
N ry close to the date. The technique :!ye;gwendsl i:el-:
nts and the persons asked to give their opinions. Wl';zn‘

thod is very good at predicti i
asked of medical personnzl. ciEg et T



‘ suter numerical control ,(("N(,‘).
= numerical control (DNC) and
archical computer systems. Su;h
k is proceeding most rapidly in
an, the United States and West

How about group technology,
chis now gaining more widespread
erest?
This is the second important cate-
y. It is the development and ap-
ication of group technology (vari-
ons of the concept are also known
ifamily of parts, cellular, or in-line
anufacturing) as a required base
I application of hierarchical com-
lter systems and the evolution of
ultistation manufacturing systems.
lother words. the inherent capabil-
Y of group technology to reduce
OrK-in-process time will be further
tlined witl: o system of computers
fldtcan not only optimize the partic-
tlar mach e tool group but also the
nctionin,;; of the group with the rest
the manufacturing facility. Such
ork is proceeding most rapdily in

puter-Aided Manufacturing) 415
has this as one of its features as doeg
the relatively new CAM-] (Com-
puter Aided Manufactun'ng-lmer-
national) program.
Is anything being done in 1he SVs-
tems and computer software areqs’
Yes, there is activity in the devel-
opment of integrated manufacturing
software systems. Individual sofi-
ware modules are being developed
which can, in the long run. be readil:
interfaced with each other to build
up full software systems that will
appropriate for various types o
manufacturing applications. Such
work is proceeding most rapidly in
the COMECON countries as well a-
in West Germany, Norway and Ja-
pan. The US. Air Force’s ICAM

klkp (College International pour 'Etude Scientifique des Techniques de Mecanique

is known in
Or International Institution for Production Engineering Research as it e
‘the United States) is a very prestigious world-wide organization cc;;npmed of leading
Manufacturing research personnel. No nation may have more than 15 members.

—

CAM-I (Computer Aided Manufacturing—International) is a nonprofit organization

whose membership includes nom‘.:° of.tln .l.ltﬂltd :
Europe and Japan. Specific projects in t area
initiated and funded by CAM-L Its members establish

on working committees. Once
public domain. For example,

s in the United States,
m'h— in manufacturing are
, fund ka‘S. and serve

is completed, it goes into the
the Ai"'l.'. numerical control processor

language is now available from CAM-I for a nominal fee. CAM-I is also working on

lic domain when the work is

ents of the language, which will go into the public
22:‘:;32::1. CAM-1 is headquartered at 611 Ryan m Suite 1107, Arlington,

Texas 76011,
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program is engaged in a similar ac-
tivity and the CAM-I organization
has underway a program for contin-
uing development of an mtegra_ted
software system for process planning
of machined parts. It is called CAPP
(Computer Aided Process Planning).
Two prototype versions of a CAPP
base module are in the public do-
main and are available from CAM-I.
The base module provides a routing
sheet format, in computer software,
for sequencing operations and for in-
put of retrievable data. Additional
modules should be available in the
near future for interfacing with the
developed work.

MODERN MACHINTD aveen

What is the fourth class of
programs? '

This is the developmen
totype computer-controlled Multj.
station manufacturing SyStemyg
which are, in effect, rather fully ayq.
mated group technology celjs Such
work is proceeding most rapidly i

"é’.S‘ea,»(.h 3
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Jil an s X

mfl)ny‘ I\ll:_ast Germany, weg G

e ) QrWay' and, more r ‘ er-
¢ United States ecently,

Is the ulti
limate the .
faCtorv? fotally automatic

Yes, Japan is :
idly with Iihe plgﬁiedfng g oD
ment of prototype %Odr?ld develop-

J puter-inte-
grated automatic factories. The;
- Cir
government has undertaken a major
national planning effort on “meth-
OdO_IOg”y for unmanned manufac-
turing” or MUM as it has become
known. However, such planning is
also underway to a lesser degree in
West Germany.

It is quite clear that most indus-
trialized nations have significant pro-
grams underway. Are they organized
and funded within the private sector or
are they national programs under-
written by respective governments’

Most of them have government
backing and financing for the sake of
a national productivity effort. while
the ICAM in the United States
comes through the Air Force in the
name of national defense. Our
CAM-I programs are private efforts.

As part of the C IRP Delphi study.

.

was the question of social, economic,

.

rendering of 2 manufacturing cell . ; .
od of teﬁ (:“ﬂ'erent machines, of and environmental impact raised?

seven are under CNC. Two differ- Yes, and the general consensus
families of workpieces can be han- - Was that the more QOOHOF‘W‘: a“_g
led by the system with each workpiece efficient manufacturing with ; ai :
oing to the particular machine tools  of the computer yall be bene cmd
d to complete the machining oper economically, cnvuongnenmlly. an

The workpiece is entered at the  coiglly. Tt was recognized that there
ng of the line and comes out com- ol be a long-term change in the
machined at the end. COmPUter o ong and nature of the manufac-
ion is optional with this type of Luring work force, but this can be
‘Such systems are being designed han well if we recognize that a
and installed in this country and around change is place. MMS

CHINE SHOP 131




