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Introduction: Statistics and Definitions

Just about one year ago | issued the Paul Aron Report #22 “Robotics
in Japan” which aroused considerable interest as the first serious and
conprehensive study by an American anal yst. In a note to that
Report, | wote: “OF course, one could continue to search for additional
data which woul d probably inprove the presentation. In view of the ex-
tensive Anerican discussion of productivity and the spate of articles on
robots, excellent though insufficiently attentive to Japan experience,
timeliness demanded the publication of what we know now. Thus, as with
all learning, the report nust be considered tentative and prelimnary not ex-
haustive”.  This note could well be descriptive of this current report. This
report is an update but to facilitate reading. | have included the relevant
material from the previous report. (Report # 22 is still available on request) .

In reexamning the conclusions of ny earlier effort, viewed at the
time by some as overly optinistic, | find that the report, w hile basically
correct, understated the tenpo of ‘growth. The Japanese industrial robot
industry is growing at a faster pace than anyone had previously estinated.
The original forecast by the Japan Industrial Robot Industry Association
(JIRA) for 1979 shipments was Y 36 billion é_about $180 nmillion); actual
shipments anounted to Y 42.4 billion, exceeding the original estimte by
17. 8% JIRA had initially estimated shipments for 1980 at Y 43 hillion; later
it revised the forecast upwards by 39. 5%to Y 65 billion. In actuality, ship-
nents were Y 78.4 billion (about $ 392 nillion) fully 82.3% above the original
estimate, JIRA is now estimating shipnents for 1981 in excess of = 100
billion (about $ 500 million) and for 1985 approximtely Y 500 billion (about
$2.5 billion). For 1990 the current “unofficial” estimate is = 1 trillion
(about $5 billion). These estimtes should be conpared with the initial JIRA es-
timate in early 1980 of = 195 billion for 1985 which many critics argued coul d
not be achieved until 1990. Even JIRA has difficulty keeping up with the
forecasts as late in 1980 it was estimating shipments of Y 240- 300 billion
for 1985 and Y= 450- 600 billion for 1990.
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TABLE |

Industrial Robot Production Value

Year Y Billion $ MIlion
1968 A

1969 1.5

1970 4.9

1971 4,3

1972 6.1

1973 9.3

1974 11. 4

1975 11.1

1976 14.1

1977 21.6

1978 24. 7

1979 42.4

1980 78.4 392
1981E 100. o+ 500
1985E 500.0 2,500
1990E 1,000.0 5,000

**Exchange Rate: Y 200 °$ 1.00

(For convenience only, | have used a single exchange rate of
Y 200 = $ 1.00 throughout the report for the past, present and
future. )

It may be argued that Japanese data on robots is confusing to
Anericans because of a difference in definitions. The Electric Machinery
Law of 1971 in Japan defined an industrial robot as an all purpose machine
equipped with a nenory device, and a ternminal device (for holding things)
and capable of rotation and of replacing human |abor by automatic performance
of nmovenents. JIRA classifies industrial robots by the nethod of input
information and teaching as follows:

1) manual manipul ator--a manipul ator that is worked by an operator.

2) fixed sequence robot--a manipulator which repetitively perforns
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successive steps of a given operation according to a predeterm ned
sequence, condition, and position, and whose set information cannot be
easily changed.

3) variable sequence robot--a manipulator which repetitively
performs successive steps of a given operation according to a predeterm ned
sequence, condition, and position, and whose set information can he easily
changed.

4) playback robot--a manipulator which can produce, from nenory,
operations originally executed under human control. A human operat or
initially operates the robot in order to input instructions. Al the infor-
mation relevant to the operations (sequence, conditions, and positions ) is
put in menory. When needed, this information is recalled (or played back,
hence, its name) and the operations are repetitively executed automatically
from nenory.

5) NC (nunerical control) robot--a manipulator that can performa
given task according to the sequence, conditions and position, as commanded
via nunerical data. The software used for these robots include punched
tapes, cards, and digital switches. This robot has the same control node
as an N C. machine.

6) intelligent robot--this robot with sensory perception (visual
and /or tactile) can detect changes by itself in the work environment or
work condition and, by its own decision-nmaking faculty, proceed with
its operation accordingly.

| have used three different robot definitions:

(1) “Robots by Japanese Definition ''--all 6 classes

(2) “Robots by US. Definition ''--classes 3,4, 5,6

(3) “Sophisticated Robots ''--classes 4,5,6

The Anerican Robot Industry Association (RIA) defines a robot as “a
mani pul ator designed to nove material, parts, tools, or specialized devices,
through variable programmed notions for the performance of a variety of

tasks. “ Thus, the U S. definition of robots elimnates the manual mani-
pulators and fixed sequence machines.

The following is a breakdown by the nature of input information and
teaching (in yen value) .
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TABLE 2

Share in Total Shipnent

By Nature of Teaching and Input Information

First
Half F. Y.
1974 1975 1976 1977 1978 1979 1980

1) Manual Manipul at or 6.5% 7.8% 11 4% 8.7% 5.6% 5 % 7. 8%

2} Fi xed Sequence Robot 68.0} 73.0} 47.6 39.0 37,1 47.0 35.8

3) Variable Sequence Robot 8.9 10.9 14.6 18.0 13.3

4)  Playback Robot 10.5 10. 2 12.7 18.0 17.4 17.0 25.0

5 NC Robot 0.2 0.4 0.4 0.5 4.0 2.6

6) Intelligent Robot 0.1 1.7 6.2 10.3 12.2 9.0 9.9

7) Attachnments 14.7 7.2 12.8 12.7 12.6 5.6
100.0 100.0 100.0 100.0 100.0 100.0 100.0

The sophisticated robots clearly represents an increasing share of
p reduction--37. 5% by the first half of 1980 conpared to only 10.8%in 1974,

Data is available for the nunber of units per type produced in 1979
and the nunber of robots installed and working at the end of 1979.

TABLE 3
Shipnents of Industrial Robots - 1979
Type Units Value =Y MIlion)

Manual  Mani pul at or 1,051 2,100
Fi xed Sequence Robot 10,721 19,990
Vari abl e Sequence Robot 1,224 7,700
Pl ayback Robot 662 7,200
NC Robot 89 1,700
Intelligent Robot 788 3,800

14,535 units 42, 400
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TABLE 4

Industrial Robots - Installed and Operating

12/ 31/ 79
Manual  Mani pul at or 7,290
Fi xed & Variable Sequence Robot 45, 760
Pl ayback & NC Robot 2, 410
Intelligent Robot 788

56, 800 units

As JIRA previously had not differentiated fixed and variable sequence
robots, the number of operating variable sequence robots installed in
1979 nust be estimated. | prefer the more conservative estimate of 4300
rather than the higher 10 250.

Final data is not yet available for 1980 but, based on the |atest
prelimnary data shipnents and installed working robots at the end of
1980 can be estimted as fol | ows:

TABLE 5

Industrial Robots - Installed and QOperating (Estimated)

12/31 /80
Units
1) Manual Mani pul ator 8,790
2) Fixed Sequence Robot 56, 460
3) Variable Sequence Robot 6, 100
485) Pl ayback & NC Robot 3,460
6) Intelligent Robot 1,690

Tot al 76, 500
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TABLE 6

Shipnents of Industrial Robots Estimated

1980

Units

1) Manual Manipul at or 1,500
2) Fixed Sequence Robot 15, 000
3) Variable Sequence Robot 1,800
4 Playback Robot 900
5 NC Robot 150
6) Intelligent Robot "350
Tot al 19, 700

Using the more restrictive U.S. definition of industrial robots, the
following chart conpares the relative positions.

TABLE 6A
Us. - Japan Conparison
I ndustrial Robots

1980
Japan Us.
Production in Units 1980 3,2000 1, 269
Production in Value ($ M1.) 1980 180 100
Installed Operating Units  12/31 /80 11, 250 4,370

The nost optinistic estimates for US. production in 1980 is 1,500
and for U S installed robots 5 000 but even if this estimte were correct
the U'S. position is hardly altered.
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In 1980 the United States probably placed third in the unit pro-
duction of industrial robots--the Soviet Union produced an estimated
2,000- 3,000 industrial robots. Soviet production, however, tends to
concentrate on the less sophisticated robots. Sonehow, Americans seem
to have taken confort with an estimate published in Time in Decenber 1980,
of 25 robots in the Soviet Union (at the very noment That the Sovi et
Uni on was producing about 70 different robot nodels) . Incidentally, Soviet
robotics began even later than Japan--in 1971-72 the first three Soviet
robots were produced. The United States ?roduced its first robot in
1961--a Unimate based on a patent originally issued in 1954. It was only
in 1967 that Tokyo Machinery Trading Co. started to inport and sell a
Versatran fobot, then produced by AMF, Inc. In Novenber, 1968,
Heavy Tndustries concluded a technology [Tcense agreement with Unimation and
in 1969 began to produce robots in Japan. Thus, the U S. enjoyed at
| east an eight year |ead over Japan and a ten year |ead over the Soviet
Uni on.

What does the future hol d?--M estimates or better “guesstinates”
for Japan is necessarily very tentative.

TABLE 7

Japanese Industrial Robot Denmand Forecast--Paul Aron

In Units

1980 (E) 1985 (E) 1990 (B)

Manual  Mani pul at or 1,500 6, 000 12, 000
Fi xed Sequence 15, 000 30, 000 45, 000
Variable Sequence 1,800 14,000 18, 650
Pl ayback 900 6, 500 13,000
NC Robot 150 1,400 2,800
Intelligent 350 10, 000 23,000

Tot al 19, 700 67,900 114,450
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TABLE 8 (Japanese Industrial Robot Demand Forecast--Paul Aron[cont.])

In Value - Billion Y

1980(E) 1985(E) 1990 (E)

0 0, 0,
Manual  Mani pul at or (3Y)0 (3@8 % (? (Zg (?
Fi xed Sequence 38.4 49.0 60 12 90 9
Vari abl e Sequence 12.0 15.3 75 15 100 10
Pl ayback 12.1 15.4 70 14 140 14
NC Robot 3.7 4.7 15 3 30 3
Intelligent 4.9 6.3 120 24 280 28
Auxi | iary Equi prent 3.0 3.8 70 14 140 14
Export 1.2 1.5 80 16 200 20
Tot al 784 Too% o500 To0% T000  TO0%

Using the nore restrictive American definition of robots, Japanese
industrial robot production is estimated to achieve a unit output of 31,900
with a value of $ 2.15 hillion in 1985 and 57, 450 units and $ 4.45 billion
in 1990. If this were to occur, Japanese output in 1985 would be four times
greater in units and value than the nmost optinistic forecast for the US

Wy have industrial robots enjoyed such success in Japan and why
do the Japanese place such high confidence in their future?

LABCOR :

Japan’s success in robot production and installation can be traced, in
large measure, to its labor practices. The Japanese enployees in mgjor
corporations are guaranteed lifetime enployment (until the age of 55-60) .
In addition, all enployees receive two bonuses, each ranging from 2-5
mont hs pay, in June and Decenber, which, while negotiated between the
union and nmanagenent, are ultimately based upon the conpany profitability
The Japanese union snot based on crafts, skills or occupations: the union
is on a conpany wide basis and covers all nember of the bargaining unit.
Enpl oyees identify with the conpany, not with a skill and they are often
shifted fromone job to another within the conpany. The worker, not
fearing loss of enploynent, does not oppose automation; in addition, as
automated production generally enhances quality and profit and conse-
quently the bonus, the Japanese enpl oyees wel cone the robots. In Japan
the conpany assumes the responsibility for retraining the enployees who
have been displaced by the robots. The large conpanies, at least in the
| ast 20-25 years have assuned the responsibility of training and retraining
their enployees; lifetinme enployment deprives nmost conpanies of the
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opportunity to recruit skilled workers from other conpanies and therefore
necessitates training. Not fearing the |oss of trained workers, conpanies
are encouraged to devote considerable effort to training prograns. Finally
as robots are used in dangerous, unhealthy and repetitive jobs, the

enpl oyees consider production by robots as a means of relieving nonotonous
and environnental ly harnful tasks in manufacturing. Enployees, dis-

pl aced by robots, have noved to jobs, more challenging intellectually and

| ess demanding physically.

The practice of QC circles has played an inportant role in devel oping
enpl oyee participation in problemsolving. They are voluntary teams of
8-10 enpl oyees who began in the md-sixties to study quality problens
and to suggest inmprovenents. These teans expanded their range of
activity from quality to many other areas including productivity, especially
during the seventies. Studies indicate that both the unions and particu-
larly the QC circles have often been involved in introducing robots into
plants. It should be no surprise that those conpanies which have the nost
active QC circles are also the leaders in robotization. O course, the
relatively high tenpo of real economic growth in Japan, with its con-
sequent demand for increased |abor, has nore than conpensated for the
losses of jobs resulting from increasing productivity, automation, and
robot introduction. Some Japanese econonists, however, are already
warning that the saturation by industrial robots mght create an unenpl oy-
ment problemin the 1990's

The Japanese seemto believe that they displaced the U S. as the
“Nunber One” in robot production largely because of the |abor problem
In Anerica and Western Europe, the introduction of robots is frequently
debated and the crucial point in such debates is the unenpl oyment pro-
blem This is rarely discussed in Japan and instead the positive effects
of robots are discussed: inprovement of quality and productivity and
greater safety for the enployees. Stress is placed on the new opportunities
for greater and higher |evel enploynent, as robot operators, robot
mai nt enance workers, and “software engineers”, and for opportunities in
new industries such as ocean resource gathering made possible by robots
Unlike Japan, few U S. conpanies have assunmed the responsibility for
retraining workers that could be displaced by robots. Furthernore, the
Anerican worker does not directly benefit from the increased savings and
profit created by robotics. It is interesting that the TV program on
productivity (“If Japan can do it, etc. ") omtted any discussion of the bonus
in Japan

COSTS OF LABOR AND ROBOTS

The advantages of industrial robots can be better understood in the
context of the relationship of labor costs and robot costs. The acconplish-
ments of the robot introduction in Japan from 1968 to 1973 were not
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promi sing because of the wide divergence of |abor and robot costs. Before
the 1973 “G | Shock”, Japanese |abor costs were still relatively inexpensive
while industrial robots were still high-priced because of the low level of

el ectronic devel opnent. During the decade of the seventies |abor costs

rose sharply in Japan. The manufacturing cost of industrial robots of

all types at first declined from 1970-1975. After 1975, the price of the
sinpler and less electronic “robots” rose, but the “semconductor revolution”
in Japan continued to reduce the cost of the more sophisticated robots.

The following table based on a JIRA survey is revealing.

TABLE 9
Ratio of Robot Costs to Labor Costs
(Unit Y 1000)
Tot al 1970 1975 1978
A Labor Cost Per Man 990 2,300 3,000
B.  Average Price -- Robot 4,600 4,100 5,000
Japanese def i ni ti on)
c. cost -- Playback Robot 12,000 11,000 11,000
Ratio B/ A 4.6 1.8 1.7
Ratio CA 12.1 4.8 3.7

The decline of robot costs relative to |abor costs is especially sharp in
the field of sophisticated robots. Superficially, a playback robot can be
anortized within four years on a single shift and within two years on a
double shift. The actual expenses of robot installation and naintenance
resulted in a slower rate of anmortization. |In the future, labor costs are
expected to increase 6 - 7% annually while robot costs, thanks to declining

m croprocessor prices, should remain level or decline.

In a questionnaire distributed by JIRA on the notives for installing
industrial robots in the future, the responses in order of inportance were
as follows: (1) economic advantage, (2) increased worker safety,

(3) universalization of production systems, (4) stable product quality, and
(5) labor shortage.

Hence, the econonic advantage of the industrial robot over human
[ abor which seens certain to growin the future is considered the nost
inportant factor in the increased application of industrial robots.
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MANAGEMENT

Japanese managenent on all |evels has been more responsive to the
introduction of robots than their American counterparts. Life-tine
enpl oynent has created greater security and a nore long-range attitude
anong Japanese managers. The absence of stock options reinforces this
attitude. Japanese managers are able to tolerate the high initial costs of
incorporating robots into p reduction and are willing to accept a much |onger
payoff than their American counterparts. In the first year of robot intro-
duction, costs can be very high-- not only increases in depreciation
interest costs, and niscellaneous costs related to the robot (changes in the
plant and its equipnment to acconmodate the robots) , but also interference
and sl owdowns in production while the robot is being fully integrated into
p reduction. In one case study in Japan, for exanple, the conpany had
anticipated that robots would increase production, and thus would permt
wite-off of all costs within the first year. [Instead, production declined
and total costs grew by 30% Sinilar experiences have caused many
Armerican managers to abandon their robot program But the Japanese
persisted and at the end of the second year total costs were 25% | ess than
if the product had continued to be produced manually.

Japanese managers are generalists, often shifted fromone area to
another that bears little relationship to their previous experience. On the
other hand, American managers tend to be specialists and stay within one
area of work during their entire career. This, at times, creates opposition
if not hostility, to a novelty such as a robot that might undermine their
position. Anmerican reports are replete with tales of opposition to robots
by middle and |ower managers and conflicts between manufacturing engineers
seeking to introduce new technology and production departments seeking to
maxim ze current production and intolerant of any interference in output.
Even the front line of management-the foreman-often see the robot as a
threat to their status especially when the robot requires “care and feeding”
by an inexperienced youth with a training in electronics who substitutes
know edge for strength

In an atnosphere of relatively high interest rates the financial side of
U.S. managenent constantly seeks shorter and shorter payouts and
Anerican roboticists often see these “bean counters” as their eneny. The
non-adversary relationship and the long-term outlook which pervades the
Japanese conpany has successfully coped with the issues of robot intro-
duction

Anerican and European conpanies were also, to some extent, side-
tracked in robotics as they had been in the production of nunerica
control machinery. The Anericans devel oped very expensive and very
conplicated NC machines so that when the conputer broke down, the entire
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maachine, virtually a machine shop in itself, halted. The Japanese devel oped
smaller, sinpler, less expensive machines that catered to small-scale pro-
duction and could produce in small batches. In robotics the European and
Anerican producers often concentrated on the nost expensive robots and
permtted the Japanese to devel op robotics gradually from the unsophisti-
cated manual manipulators to nore conplex systems that incorporate
“intelligence”.

| NDUSTRY STRUCTURE FOR | NDUSTRI AL ROBOTS

At present about 130-140 firms in Japan are manufacturing robots of
whom 37 are menbers of the JIRA. Mst |arge manufacturers, actual or
potential, are JIRA nmenmbers but sonme inportant exceptions should be
noted--Matsushita Electric Industries, Osaka Transformer Corporation,
Sei ko, and the pen manufacturers.

The existing robot makers are widely distributed over the whole
range of business scales. In size of capitalization, robot makers are
broadly distributed fromsmall firms to giant corporations. In exam ning
the table below, the 55 small conpanies with less than Y 100 nillion
capitalization (equal to about $ 500, 000) represents 41. 4%of the enterprises;
the medium firms with (Y 100- 300 nmillion) represent 23. 3% while the firns
with over Y 3 hillion capitalization (equal to about $ 15,000, 000) represent
35. 3% of the corporations. The same trend is evident when we exam ne
the robot makers by nunber of enployees. The small firms with less than
500 enployees represent 46. 6% of the total, the medium firms with 500 to
5000, 30. 1% and the giant firms with over 5000 enployees, 23. 3% This
data, based on a JIRA survey in 1979, of 133 robot makers, is shown bel ow

TABLE 10
Industrial Robot Maker Distribution
By Size of Capital
Less than Y 10 million 19 conpani es 14.3 %
Y 10 million - Y 100 mllion 36 conpani es 27.1 %
Y 100 million - Y1 hillion 23 conpani es 17.3 %
Y 1 billion- Y3 hillion 8 conpanies 6.0 %
More than Y 3 billion 47 conpani es 35.3 %

Tot al 133 conpani es 100.0 %
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TABLE 11

I ndustrial Robot Maker Distribution

By Nunmber of Enpl oyees

Less than 50 33 conpani es 24.8 %
50 - 500 29 conpanies 21.8 %
500 - 1000 15 conpani es 11.3 %
1000- 5000 25 conpani es 18.8 %
Mre than 5000 31 conpani es 23.3 %
Tot al 133 conpani es 100.0 %

The wide distribution of industrial robot makers is the result of
several factors. The giant electrical equipnment and heavy machinery
mekers were attracted by the high growth potential of industrial robots
and entered the field to diversify their business. Many have been notivated
originally by the need for robots within their own business to increase
productivity and safety, overconme shortage of some skilled workers, and to
enhance their ability to undertake small and medium batch nulti-product
manufacturing. This applies to the large electrical manufacturers such as
Hitachi, Mtsushita, Toshiba, Mtsubishi Electric and Fuji Electric. It
al so applies to the heavy equi pnent manufacturers such as_Kawasaki Heavy
Industries, Mtsubishi Heavy Industries, Tokico, Shinnmeiwa, and
Ishikawaj i ma-Harima.  Some of the steel makers such as Kobe Steel and
Daido, In diversifying their operations into heavy machinery, also were
attracted to robots.

Since robot application often nust be custommade for each and every
user according to his specific production process, the robot maker, even
if small, can specialize in a specific area of application and successfully
conpete with the big corporations. Some of these smaller conpanies under-
took to produce robots in order to enhance their mjor products such as
Aida in the hydraulic press manufacturing. The production of robots often
enabl ed the manufacturer to offer a total systemrather than an individual
pi ece of equipnent. This phenonmenon is seen nmainly anong the nachine
makers such as Fujitsu Fanuc, Toshiba Seiki, Nachi-Fujikoshi and Komatsu.
G her small enterprises began to manufacture robots for their own use and
then ultimtely marketed them This applies to firms such as Seiko and
Sailor Pen. Many firms branched into robots from manufacturing materials
handling equi pment and conveyors. This included firnms such as
Tsubaki mot o and Mot oda.
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The Japanese are currently debating the future of this structure of
robot makers. Some expect no radical change in the industry structure
within the foreseeable future. They believe that the small to medium
enterprises will continue to carve out markets for themselves in the many
specialized areas. Qthers visualizing the increasing role of ninicom
puters and intelligent robots expect that the large electric manufacturing
conpani es because of their superiority in IC and LSl technol ogy, will
domnate the robot industry. At present, each individual robot maker
has its own area of special expertise such as _Yaskawa in arc welding,

Kobe Steel in large paint sprayers, Aida in press application, Eujitsu
Fanuc in machine tool processing. However, all makers are using the
technol ogy developed in their specialty area for applications  of other areas .
Kawasaki is the nost active in this approach with its Unimtes entering
almost all areas of application. But many other manufacturers are aspiring
to be “universal robot makers”. The energence of an electronically-
oriented universal robot maker depends on the rate of devel opment of
intelligent assembly robots.

Unlike the United States, where two robot makers hold over one half
of the market share, the Japanese market is widely dispersed and changing
each year. Inthe US , despite the many new conpanies entering the
field, conpanies actually manufacturing robots probably nunber [ess than
20 conpared to about 140 in Japan. Kawasaki Heavy Industries has only
3-4% of wunit volume of all Japanese robots (by Japanese definition) . By
the nore strict U S. robot definition,_Kawasaki produced 450 of the 3300
robots made in Japan in 1980 for a market share of 18% in units. Because
of its relatively higher price, the market share of Kawasaki in value is
probably somewhat higher. In many respects the production of robots
in Japan resenble the fierce conpetition that grew up anong manufacturers
of television sets, digital watches, desk and hand cal culators and video-
tape recorders. After a period of intense conpetition among many firns,
production ultimtely was concentrated in a few large firns. It should
be noted that this period of conpetition also resulted in Japanese donmin-
ation in the world market for these products. As the spokesman for the
Long Term Credit Bank of Japan confidently puts it: “It is only a matter
of time before the industrial robot becomes one nore piece of nerchandise
whi ch synbolizes Japan”.

This industrial structure has given the Japanese several advantages.
The Anerican robot manufacturers nust sell their robots to users; few can
test their equipnent in actual production conditions at their own plants.
Wth the entry of IBM_Texas Instrunents, and \estinghouse into the
robot market, this should be altered. But in Japan all through the decade
of the seventies the major manufacturers now energing-Htachi. Mtsushita
Toshi ba- had been using robots within these conpanies. Furthernore,
many other conpanies entered the robot field because they had devel oped
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robots initially for their own needs-Sailor Pen, Pentel, Pilot in the pen
and pencil industry, Okanura in the furniture industry, Tokico in the
conpressor industry. Many conpanies devel oped robots to sell their

own products -Aida, Japan |eading press manufacturer , devel oped a
series of loading and unloading robots for its presses. Fujitsu Fanuc

devel oped a series of robots to service their N C. machines. In turn,
Fanuc's conpetitors devel oped robots to stay in conpetition with Fanuc
while Fanuc in turn devel oped an assenmbly robot to help reduce the costs
of producing its robots. In sone cases conpanies devel oped robots for
affiliates. That Mtsubishi Electric should develop a “Wndow C eaning
Robot” , a fixed sequence machine for high buildings, can be better
understood when we know that its sister, Mtsubishi Estate, owns many
of the tall buildings in Tokyo's Wall Street. This automatic cleaning
operation, reduced maintenance cost, elininated dangerous work, pro-
vided better cleaning, and protected “privacy in offices, hotels, and
other places”. Tovoda Machine Wirks provided welding and handling robots
for _Toyota. Mtsubishi Heavy Industries provided robots originally just
for Mtsubishi Mtors, its autonobile nmaking subsidiary.

Because the robots were used within their own factories, the robot
mekers in Japan offered for sale not just robots but total systems which
already had been tested for several years in their own factories. This
conpel | ed conpani es that had originally just produced robots to begin
to develop total systems. One exanple of this is a conpletely unmanned
conputer-run dry noodle factory-which includes an automatic warehouse,
battery-operated cars, |oading and unloading robots, automatic manu-
facturing and inspection, and packing.

GOVERNMENT  POLI CY

It is quite evident that MTlI has been interested in robots since the
beginning of the seventies. Tt would seem unlikely that JIRA would have
been formed without some government encouragement. However, it was
not until 1978 that the industrial robot was officially designated as an
“experinmental research promotion product” and as a “rationalization pro-
motion product” with promulgation of the special Machine Information
Industry Pronotion Extraordinary Measures Act. Wiile the Electric
Machi nery Law in 1971 had defined an industrial robot, industrial robot
termnology was first standardized in 1979 under the Japanese Industrial
St andar ds.

Fol I owi ng the typical policy of cooperative rather than adversary
relations with business, the Mnistry of Trade and Industry (MTI) ,
having identified robot production as a mjor strategic industry for
Japan’'s future, undertook several neasures to popularize their utilization.

82 - 4
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(1) Wth MTI encouragement, if not direction, a robot |easing
conpany, Japan Robot Lease, (JAROL) , was founded in April, 1980
with the initial paid-in capital of Y 100 million. This conpany is jointly
owned- - 70% by 24 Jl RAmenbers and 30% by ten non-life insurance com
panies. The aimof JAROL is to support robot installation by small and
medi um scal e manufacturers and increase their productivity. As 60% of
operating funds are financed by |ow cost l[oans from the governnent’s
Japan Development Bank, and the rest from the - '
Industrial Bank of Japan and the city banks, JAROL is in a position to
[ ease industrial robots under conditions nore advantageous than the
ordinary leasing conpanies. For its first year of operation (fiscal year
1980) , JARCL planned Y 700 million robot |eases; actually its |easing
contracts nunbering 52 amounted to Y 1, 150 nillion (about $ 57u2 nillion) .
The average term of the lease was 6.5 years and provided a full payout.
In April, 1981 JAROL offered a more flexible 2- 3 year rental agreenent
(not a full payout) and after the expiration of the agreenment planned to
rent the robot to the sanme or a different user. At the sane tine_JAROL
began discussions with MTlI to enter overseas |easing of robots. This
resulted froma request of an Australian firmto |ease Japanese-made
robots. Some question arose as to the propriety of using government
| oans for overseas |easing but JAROL suggested |oans from the Japan
Export and Inport Bank. Positive action on this matter will greatly
strengthen Japan’s conpetitiveness in overseas industrial robot markets.

(2) MTI has arranged for direct government |owinterest |oans
to small and nediumscal e manufacturers to encourage robot installation
for automating processes dangerous to human |abor and for increasing
productivity.  The government budgeted for fiscal year 1980 Y 5.8 hillion
for these loans which are extended through the Small Business Finance
Corporation, a government finance agency.

(3) MTI has pernitted the manufacturer who installs a robot to
depreciate 12. 5% of its initial purchase price in the first year in addition
to taking ordinary depreciation. This extra depreciation is a conmmon
practice in Japan when MITIseeks to pronote a particular industry or
product. Extra depreciation has been as high as 50% Generally it can
be taken over a three year period and is usually repaid in five annual
installments beginning in the sixth year. By installing an industrial
robot, a firmcan depreciate 52. 5%in the first year, 12. 5%plus 40% ( 5
year depreciation double declining) .

(4) MTI created an atmosphere favorable to the introduction of the
industrial robot, but it had depended |argely on the private conpanies to
determine the direction and scale of production and to undertake R & D.
However, MTI has now just announced plans for a huge R & D program
to be discussed in the follow ng section.
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ORGANI ZATI ON OF ROBOTI C RESEARCH AND DEVELOPNENT

Research on robotics in Japan is conducted by three major types of
institutions --colleges and universities, national and public research
institutes, and research |aboratories of private firms. The nunber of
robot research laboratories in universities and public research institutions
grew from43 in 1974 to 85 in 1980. In fiscal 1979, the universities spent
100 million yen (or about $.5 million) on robot research and the public
research institutes about 220 million yen (about $ 1 mllion) . This tota
of about $ 14 mllion is hardly a very large amount. But this statistic
onits “personnel expenditures” and is therefore a substantial under-
statement. Some 270 researchers at colleges and universities and 80
researchers at institutes worked on robots in 1979. Public research has
concentrated on theoretical problens, many of which have direct and
i mredi ate application such as-- speed control (acceleration of robot when
its grip per holds nothing) , inproved positioning accuracy, sinplification
and nodul arization of robots, sensory perception, pattern recognition
ability.

The expenditure of private enterprises on robots has not been
made public but up to now has been the overwhel ming source of robotic
R & D O the 107 robot manufacturers surveyed by JIRA in 1979
twenty had a specialized robot research division in their in-house research
laboratories, while another fifty-two without a special robot research
division had one or nore researchers specializing in robot research

The private research |aboratories have concentrated on R & D nost
closely linked to application—increased speed, miniaturization, conmputer
control, weight reduction and nodul arization (devel opment of inter-
changeabl e robots)

A major change has just occurred-- M Tl announced a seven year
Y 30 billion national robot research programto begin April 1, 1982. MTI
will create a new R & D group to carry out the program whose purpose 1S
to make robots suitable for a wider application and to devel op Japanese
robot technology instead of relying on inmported American and West
European know how. Stress is to be placed on intelligent robots especially
for assembly work, and on robots for nuclear, space, oceanic, and earth-
moving industries. The devel opnent of sensory perception, |anguage
systenms, and notional capacity are to receive top priority. This program
is called a nationally inportant mgjor technol ogy devel opnent schene.

SOCl O- ECONOM C | MPACT OF | NDUSTRI AL ROBOTS

This section expresses the Japanese views on this topic and is greatly
indebted to M. Yonenoto of JIRA Japan’s nost proninent authority on this
subject. Industrial robots have three major characteristics which, in large
measure, determine their socio-economc inpact.
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1) Industrial robots ,unlike special purpose automated machines,
are progranmabl e, and, as a consequence, are both flexible and versatile.
A robot’s novenments may be altered nerely by changing its program

2) Industrial robots can perform beyond the physical and nechanica
abilities of humans. They do not tire fromlong and continuous hours of
work in an environment which may be unconfortable, if not hazardous to
humans.  (They require no breaks to overcone fatigue or to neet per-
sonal needs)

3) Industrial robots performwith a high fidelity and accuracy in
conpliance with the instructions which they receive from nan.

As a result of their versatility, super-human capability, and high
fidelity to programming, industrial robots have changed in many ways
the production scene in which they are enployed.

L Autonation of Milti-Product Small Batch and M xed-Flow Production Line

The flexibility and versatility of industrial robots makes possible
the automation of multi-product small batch and mxed-flowline pro-
duction. The special purpose automated machine is restricted to linited
model mass production. Recently, consumer demand has become increasingly
diversified to the point where according to Japanese estimates, fully 80%
of mechani zed industry's products are manufactured in a noderate-to-
| ow volume of output. Thus, the nature of contenporary consumer
demand and particularly Japan's desire to accommodate a wide diversity of
export requirenents necessitated and encouraged the use of industria
rohot s.

2. Ease of Phasing in Product Design Mdification and Mdel Changeover

A conpl ete changeover or even a nodification in a product node
often require changing or at least radically rebuilding a special purpose
automated machine. Were an industrial robot is used instead, a nere
change in programis required. As the product |ife cycle shortens, the
flexibility and versatility of industrial robots becones increasingly advanta-
geous .

3. | mproved Operating Ratio and Increased Operating Tine.

Unlike men, industrial robots can operate on a 24 hour basis and
therefore, the machines, they service can al So operate on a 24 hour basis
Furthermore, industrial robots are capable of performng functions at a
hi gh speed which exceed human linmitations.
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4, Ability to Wthstand Severe Wrking Conditions.

The industrial robot can work in an environnent which is adverse
to humans. Human beings require a host of conditions to make the
working atnosphere both pleasant and safe-ventilation, proper |ighting,
air conditioning, or at least tenperature control, and a variety of
safety devices and conditions.

5, Ability to Execute Proper and Accurate Motions and the Ability to
Cope Elastically wth Changing Production Vol une.

The sustained stability of industrial robot operation--their ability
to work continuously and accurately faithful to their man-given instructions--
elimnates slunps and spurts and provides a smoother production flow.
This ability also enables increased production demands to be net effectively.

. Change in Nature of Production System

To the Japanese the introduction of industrial robots means a
change in the p reduction system In the typical traditional mss pro-
duction line the machine deternines the activity of the operators--sone-
thing pointedly satirized in Chaplin's famous film “Mdern Tinmes”. The
operator prograns the industrial robot and therefore, the human donin-
ates the system According to the Japanese, the industrial robot
reduced psychol ogical resistance to the conveyor system and thus
permtted its nore effective use. They believe that human satisfaction
derived fromthe human control over the robot and this attitude led to
qualitative inprovement in |abor.

7, Creation of New Technol ogi es.

The characteristics of the industrial robots-- conmbined with the change
in the production system to a man-domi nated robot-machine system |ed
to the creation of conpletely new technologies and to their application
in exploiting oceanic resources and in increasing utilization of nuclear
energy. Robot applications to health, household, and cleaning duties
have also been forecast.

The wide socio-economic Inpacts of the application of industrial robots
expected by the Japanese roboticists has begun to be evident.

L I mprovement of Productivity.

The automation of small-batch and nmulti-product mixed-flow Iine
production saved man-hours and reduced in-process and accunul at ed
inventory. The inproved operating ratio and increased operating time
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al so reduced nman-hours. The relative ease with which an industrial robot
could be fit for a product design changed saved the time usually required
for retooling. The nore effective use of the conveyor system made possible
by the industrial robot,also contributed to enhanced productivity.

2. Stability and Inprovenent in Product Quality.

The super-human capacities of the industrial robots and their
fidelity to human instruction led to a unifornity of products and hence
made possible the stability and inprovenent of product quality. By
working 24 hours the industrial robot elimnated the incidence of inferior
or defective products which often occur during factory start-up operations
The quality variations which result fromlong hours or the differing
abilities of operators were elimnated

3 | nproverment in Production Minagenent

Production managenent has inproved for several reasons

a) Reduction of inventory and in-process products as a result of
automation of small-batch and multi-product mxed-flow -1ine-production

b) Reduction in set-up time and elimnation of retooling the pro-
duction Iine.

c) The durability and accuracy of industrial robots facilitated
production planning

d) Industrial robots reacting nore elastically to production vol une
change reduced problens of manpower reallocation.

e) Industrial robots have helped to inprove the quality of work life
and led to greater enployment stability. |In addition, they have con-
tributed to overcoming the skilled manpower shortage in such areas as
wel ding and painting

4, “Humani zation” of Wrking Life

a) Industrial robots released humans from hazardous and unheal t hy
working conditions preventing accidents and occupational diseases

b) Industrial robots released humans from nonot onous work and
thus reduced psychol ogical stress

¢) The man-robot-machi ne production system eliminated the
psychol ogi cal resistance to the conveyor system and inproved |abor
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quality and human satisfactions from the human control of robots. Such
a system corresponded better to a more highly educated and aging
society. In recent years, Japan's society has witnessed a grow ng shift
from blue-collar to white-collar occupations and the industrial robot
enabl es corporations to accomodate to this trend. Human resources
l'iberated from adverse work environments and from nonot onous repe-
titive manual jobs are rechanneled into nore intellectually demanding
robot operations and maintenance positions. For exanple, nmanual wire
bonding of ICs require the fatiguing performance of nonotonous
repetitive tasks under a mcroscope, and a training period of 4 - 5
months.  The industrial robot reduces the training period to 15 mnutes
and elimnates the fatiguing manual operation

Robot utilization makes possible greater enployment opportunity
for the infirm elderly and female work force in industries where heavy
and continuous loading /unloading or carrying a heavy welding gun were
required. The “humanization” or work life contributed to enployment
stability, reducing absences from work.

5 Resource Conservation

~ Industrial robots contributed to conservation of resources, a high
priority factor especially since the oil crisis of 1973. These savings
were achieved in a variety of ways

a) The robot saved material-the paint spraying robot, for exanmple
used 20- 30%less than the manual painters in many operations

b) The ease of accommmdating the robot to product design changes
reduced investnment in purchasing and /or rebuilding equipment

¢) The reduced defective ratio saved resources.

d) The industrial robot, by working in unpleasant environnent,
reduced the energy consunption of air conditioning, ventilation, lighting
etc.

d) By its ability to operate on one, two or three shifts, the industria
robot resulted in reducing investment

ROBOT _APPLI CATI ON

Robot shipnents are also classified by user which shows the auto-
mobi l e as the primary buyer except in 1980, when the electric appliance
i ndustry, which usually occupied second place, took the lead for the first
time
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TABLE 12

Breakdown of Industrial Robots by User (In Value)

Japanese Definition

1974 1975 1976 1977 1978 1979 1980P
Aut o 35. 5% 19. 9% 30. 5% 33. 6% 34, 5% 38. 4% 30. 0%
Electric Appliance 9.6 12.8 20.9 23.1 24.6 17.5 36.0
Machi nery 4.5 5.6 7.6 8.8 7.0 5.3
Metal Products 5.8 3.8 5.8 3.4 7.1 9.0
Exports 2.9 4.2 2.3 4.5 2.5 1.9

(P - Prelimnary announcement of JIRA)

However, the automobile industry still dominated the sphere of sophis-
ticated robots.

TABLE 13

Shi pments of Playback Robots by User

(4/1/80 - 10/1/80)

Uni t Val ue
Aut onobi | e 61. 5% 52. 4%
Electric Appliance 10.3 11.6
Machi nery 3.9 8.3
Metal Products 4.4 5.7
Exports 5.9 6.0
O hers 14.0 16.0

The large percentage of exports of playback robots conpared to the [ess than 2%
export share of total industrial robot production indicates the direction
of Japan’s export policy.

Since the playback robot seens to be concentrated heavily in the
automotive industry, an analysis of the type of work performed by
playback could indicate relative use:
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TABLE 14

Breakdown of Playback Robot by Wrk Process

(4/1/80 - 10/1/80)

Uni t Val ue
Arc Vel ding 18. 8% 26. On
Spot Wl di ng 57.1 451
Spray Painting 11.3 17.8
O hers 12. 8 11.1

It is clear that spot welding represents the mejor application of the
pl ayback robots. A prelimnary report on 1980 cal endar year robot
production revealed that compared to 1979, arc welding robots increased
2 11%in value and 100%in units, and spot welding robots grew 85% and 100%
respectively. In addition, assenbly robots grew 340% and 33% respectively
(certainly froma low base) , and press and conveying robots 60% and 6%
respectively. The large growth in assenbly robots was mainly for insertion
of electronic parts into printed circuit boards (an increase of 440% in 1980
conpared to 1979) .

SPOT VELDI NG

The autonobile industry has until 1980 been the largest single con-
sumer of robot production, in large neasure because of its purchases of
spot welding robots. The majority of Japanese car bodies consist of
300-400 press-formed parts manufactured from sheet steel which are
bonded together by 3,000-4,000 spot welds. In the latter half of the
1960' s special purpose automatic multi-spot welding machines were intro-
duced. However, with the tendency to product diversification and the
shorter life cycle of car nodels, the return on investment of the multi-
spot welders declined. Large monetary expenditures to nodify the multi-
spot wel ders were necessitated by nodel change-over or design nodifi-
cation. During the modification, aconsiderable period of time was |ost
and managenent expenses were consunmed for production line reorgani-
zation.

Thus, the robots replaced the nulti-spot welders because they only
require being taught where to weld in the new nodel in the event of a
nmodel change-over. COften nerely one hour is required for the new
[ earning process. As production volume is no longer clearly predictable,
it became quite risky to invest in special purpose automatic machines.
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Investment in the nore flexible robot seemed preferable. The robot also
elimnates the need of the manual operator to follow the conveyor line
with a heavy wel ding gun.

The automobil e conpanies then introduced batteries of robot welders.
In some assenbly plants, a single operator for robots can handle a work
| oad once shared by ten workers. To inprove productivity by sinultaneous
mul ti-spot welding, efforts have been made to develop nulti-arm wel ding
robots and to apply a nunber of nodular robots to welding. Robot intro-
duction into the spot welding line has made possible the automation of multi-
product mixed-flow assembly line on which various nodel flow one after
anot her .

Ni ssan has been the largest user of spot welders and by the end of
1980, it had about 300 spot welders. At the same time, Toyota reportedly
had 200 spot welding robots, but it ordered 720 robots from Kawasaki
Heavy Industries--220 by 3/81, 200 by 3/82, and 300 by 3/83. It has been
assunmed that nmost of these would be used for spot welding. Kawasaki
is reportedly delivering about 25 units monthly. Mtsubishi Mtors has
been receiving spot welding robots from Mtsubishi Heavy Industries.
Toyo Kogyo and Honda have introduced welding robots.

Kawasaki H .1. is clearly the leader in production of robot spot welders.
By spring of 1981, it had delivered 1,500 Unimates primarily for s-pot
wel ding, and its nonthly production rate is 60. Mtsubishi H 1. occupies
second place, having delivered 250 robots by the spring of 1981 and with a
monthly production rate is slightly over 10. Toshiba Seiki has begun
production of a nodular spot welding high speed robot which can reach
a monthly rate of 35-50. Toyoda Machine Works is al so making an inex-
pensive building block system spot welding playback robot, but they will
not be offered for public sale until the fall of 1982. Toyoda expects to sell
1,000 units annually. W do not know how nmany of these have already
been shipped to Toyota. By 1983, Toyoda Machine Wrks and Toshiba
Seiki, if they should be successful Tn their modular and sinpler spot
welding robots, could accupy a significant market share.

ARC VELDI NG

Arc welding operations are conducted in an extrenmely unfavorable
environnment where carbonic acid gas, fumes and heat are generated. As
a result, arc welders nust wear masks and consequently, nust take time
out frequently. Some loss of operating time is, therefore, inevitable.

In addition, the new generation of young workers, being better educated,
tend to shun arc welding. As a consequence, arc welding was particularly
susceptible to robotics.

However, the |arge-sized robot such as the Kawasaki Uni mate, which
coul d handl e heavy loads could hardly be justified economcally by an
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application which largely used |ight weight welding guns. Yaskawa

Electric Mg. , at present, dominates the arc welding robot applications

wth its relatively lowp riced playback robot. Shinneiwa devel oped arc

wel ding robots for work on heavy plates while Osaka Transforner devel oped
arc welding robots for work on sheets. Kobe Steel has produced a

nore expensive, continuous path control, arc welding robot. Hitachi had
produced two robots suitable for arc welding: a sophisticated intelTigent
robot, and a low priced articulated playback robot. Mtsushita has intro-
duced a very conpetitive arc welding robot.

Wth Mtsushita entering the arc welding area and with Hitach
capabl e of substantially increasing its output, it is entirely possible that
these two firms will ultimately donminate the arc welding market.

SPRAY PAI NTI NG AND COATI NG

Painting robots are the third largest type of playback robots and
are nowgrowing at the same rate as spot welding robots but not as fast
as the arc welding robots. Spray painting and coating offer a rich area
of application. To beconme skilled, a coating worker required 2-3 years
of experience. However, the poor working environnent and the tendency
to a nore educated society contributed to a devel oping skilled worker
shortage. The necessity for a large percentage or rework nmade pro-
duction planning difficult

The industrial robot provided certain advantages in painting

1) They insured stability of product quality and therefore made
possi bl e inproved production planning and control. Despite the selection
of the most skilled workman for finish coating, the quality of the finish
varied according to the workers and the conditions of the day. In auto-
mobi | es, the paint finish of a car, and especially its unifornmty, is a
determining element in the Japanese domestic consunmer preference

2) They made possible a multi-product mxed batch coating Iine

3) They provided continuous production operation and reduced
the need for internediate stocks

4) The manual workers and special purpose automatic coating
machines tended to increase the use of paint to preclude uneven coating
especially in conplicated shapes. In addition, special purpose auto-
matic coating machines tend to overspray paint on smaller products in a
nul ti-product coating line. In the case of spray painting an auto body
a savings of 10-20% in the use of paint has been effectuated. Reducing
the amount of paint reduced the need for ventilation and therefore, saved
on energy consunption
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5) Spray painting is a very unhealthy job because of the
chenmicals and dust. The spray painting robot could free the operator
fromstaying in the spray booth. It provided arelatively sinple way
to nmeet safety regulations.

Kobe Steel introduced the Norwegian Trallfa spray painters--a
rather expensive robot. Both Hitachi and Mtsubishi Heavy |ndustries
worked wit h other firms -- N hon Parkerizing Co. and Twata Air Conpressor
Mg. Co. respectively to develop playback spray robots. Tokico
offered a large variety of low priced painting robots while Nachi
Fujikoshi offered a spray robot with both remote and direct teaching.

Consi dering the demand for spray robots (Nissan alone is reportedly
seeking 300 units) it seems evident that production objectives will be
increased. It is still too early to predict the future market share as
changes are expected shortly, at least in Htachi.

MACHI NE LOADI NG AND UNLOADI NG

Industrial robots have been applied to a wide variety of production
processes in which the basic breakdown of the process indicated that the
robot is being used primarily, if not exclusively, for (1) |oading and
unloading, (2) trans-shipping and (3) palletizing and depalletizing.
This refers to applications in the follow ng areas:

) die casting

) forging

) press work

) plastic molding

) machine tool |oading
) heat treatment

OO O B GO N
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In each production process, fierce conpetition exists between those
who designed industrial robots, often relatively unsophisticated, for
particular production processes and the universal robot makers who
of fer playback and intelligent robots. In nost cases, however, the
specialists seemto have won out as of now. In press working operations
Ai da Engineering seens to have won domi nance though strongly
chall enged by Toshiba Seiki. Simlarly, Fujitsu Fanuc seens to enjoy
supremacy now in the |oading of machine tools, although Kawasaki H. 1.
has mounted a strong chall enge.

In plastic nolding (the automatic unloading of injection molded
products) the small manufacturers dom nate. |chikoh Engineering Co.
and Kyoshin Electric offer a conplete Iine of fixed sequence machines.
Star Seiki offers both fixed and variable sequence robots. Sailor Pen,
ikew se, offers relatively unsophisticated machines. For unloading
wor kpl aces from a die casting machine, Ichikoh offers its fixed sequence
machi ne while Shoku and Daido offer variabl'e sequence robots.

For putting workplaces into a furnace Shinko Electric has a
relatively sophisticated variable sequence robot. Nachi Fujikoshi. offers
a specially designed robot to tolerate hot tenmperature which has D€E n
used to transfer workplaces froma furnace to a press.

In the forging area, a great nunber of robot nakers offer a variety
of specialized products: Aida, Kobe Steel, Komatsu and Nachi Fujikoshi.

MACHI NI NG

In Japan one operator of NC machine tools serves on average |ess
than two NC machine tools. This low ratio is the resultof manual |oading
and unloading of the work pieces, manual disposal of chips and mainten-
ance. Mny Japanese firnms sought robotic solutions to this problem One
of the consequences of the application of robots to machining besides
i nproved productivity was inproved production managenent. Robots
coul d respond nore elastically to changes in production volune and in
the event of temporary requirenments for increased production they could
easily be worked overtine. Were the process was conputerized, it was
possi bl e to know bef orehand when a machi nery operation woul d be conpl et ed.

Wil e several other conpanies manufacture robots for machining
Fujitsu Fanuc dominates this application area with an output of 100 units
monthl'y. The Fanuc Mdel O uses the NC of the single machine tool which
it services; the Mdel 1 and 2 (known in U S. as 3) have their own NC
and service up to two and five machines respectively. These machi nes
make possible an unattended machining system that operates automatically
at night.
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The entry of Fujitsu Fanuc into robots has caused some of its
conpetitors and sonme of the machine tool manufacturers to devel op and
produce robots of their own. This is especially true of Ckuma which
supplies its own NC for its machine tools. In addition, Yamatke-
Honevwel | and | keganmi Iron Wrks have started Production of NC
robots. Fanuc plans to introduce-additional nodels in the sumrer of 1981,

Fanuc's conpetitors now are other manufacturers of robots who
have nodified their products to service machine tools.

TRANSFERRI NG

Closely allied to the machine |oader/unloaders are the robots which
are engaged primarily in the transfer of materials. Many robots equipped
for specialized processes such as welding and painting can also be
modified for transferring of materials. In addition, many conveyor
equi pment manufacturers were conpelled to produce robots to conpete
with robot manufacturers entering their market. Some robot nmakers
entered the materials handling market trying to carve a special niche for
t hensel ves.

Shinko Electric, Taiyo, and Kayaba Industry are manufacturers of
machi ne Toading robots that entered into the transfer field. The con-
veyor manufacturers that entered the field include Tsubakinmto and
Sanki Engineering. The “universal robot nakers” offering nachines
for transterring include Kawasaki, which offered modifications of its
Unimate for that purpose, Daido Steel, Yaskawa, Nachi Fujikoshi and
Toyoda Machi ne.

Sone firms specifically developed a line of materials handling
robots. Dainichi Kiko has developed a line of heavy duty transfer robots.
Mtoda (now Oiental Terminal Products) makes a conplete line of what
I's described as multi-purpose versatile robots in both variable sequence
and playback versions. Their mgjor, if not exclusive, market, seens to
be the materials handling area but Mtoda clains that these robots can
be used for welding and spray painting. Toyo Keiki has devel oped
a series of variable sequence robots specifically dedicated to palletizing
and depalletizing. The entire area of transfer robots like the area of
machine loading robots is still too greatly splintered to provide a nmean-
ingful market share analysis.

ASSEMBLY ROBOTS

~ Assenbly robots capable of inserting, screwdriving, bonding, and
simlar p recesses exist largely either inthe R& D or the early application
stage in Japan. Mbst major electrical manufacturers, such as Hitachi,
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Mat sushita, Mtsubishi, NEC, ki, and Fujitsu, have developed fully
automatic systems for bondingAll these use cameras for visual
perception to position by shape or pattern and in the case of Htach

and Mtsubishi FElectric, to detect defects. Fuji Electric's “Checker
robot”, which examnes and rejects pharmaceutical pills is not a robot
but does advance both visual (by use of a camera) and tactile perception
for quality inspection.

In addition, special purpose automatic assenblers provided con-
siderable data for constructing assenbler robots. Htachi built for
Nissan an automatic tire fitting system which uses a machine hand to
detect the hub bolts, position them and tighten them Htachi also
developed a fully automatic system for fitting rubber belts to tape
recorders from which they |earned assembly principles suitable for
autonobi l e and electric appliance belt fitting.

H tachi manufacturers an intelligent robot with a 25 step menory
capacity and a 200g. |oad capacity that can fit different conponents
one by one in a specified order. The robot noves fast requiring only
1-2 seconds to fit workplaces. [Its finger support is flexible to prevent
excessive force. Its positioning precision does not have too close a
tolerance but a special searching function automatically detects the holes
of workplaces and fits them properly even when positioning is not
accurate. An automatic rejecting function within the robot prevents
assembly of defective workplaces

Both Hitachi and Matsushita have built experimental robots to
assenbl e electric vacuuns.

The larger electronic/electrical manufacturing conmpanies are planning
to robotize 50-75% of their assenbly operations by 1985. This would in-
dicate that far nore activity and experinentation has taken place than has
so far been publicly revealed. (Still this forecast seems too optinistic
tom. )

In March, 1981, Htachi publicly announced a task force of 500 key
technol ogy experts to fashion and install a standardized assenbly robot
with both visual and tactile sensors, nicroconputer control, and
mobi ity and projected a 60% robotization of its assenbly processes by
1985. In April, 1981, Matsushita announced a plan to marshall the
entire staff of its technological division to develop intelligent industrial
robots controlled by microprocessors and nodul arized (BBS) i
reveal ed that some BBS robots were already functioning at its plants
The new robots were to be of three types (1) robots that position
wor kpl aces accurately, (2) robots that assenble workplaces, (3) robots
that adjust the finished product to function as originally designed
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NEC then reported that it had devel oped a factory robot that
assenmbl es electronic machinery and appliance parts and conponents
with a speed of 45 centinmeters per second and a positioning accuracy
of only 8 microns. The high precision and speed has been realized by
conputerization and by the application of the principle of electronic
magnetic repel lence, utilizing the linear-nmotor levitation technol ogy
that has been used by the Japanese National Railways in devel oping
the “floating” train. The NEC linear-notor driven robot arm and hand
pi cks up a machine part or conponent with a maxinmum load of 2 Kilo-
grans and carries it around by meking it float over the work table.
The high precision of nmovement is achieved by the robots’s set of 16
sensors (visual) supported by a built-in mcroprocessor. NEC has
been producing these assenbly robots so far for its own factories and
those of affiliated conpanies and in 1981 NEC plans to manufacture 50
units of these assenbly robots.

In June, 1981, Ishikawajinma Harim Heavy Industries, a close
ally of Toshiba, announced plans to produce its Goup Mnipulator
Mbdul e System (GWS) with an articulated armwith the nost advanced
parallel circuit-type 16K RAMS in its microprocessor. In Cctober,
1981, the GWB will be tested (possibly at Toshiba?) and hopeful Iy woul d
be marketed by Septenber, 1982 the latest.

Fujitsu Fanuc has al so devel oped an assenmbly robot but no details
are known except that it is being used at their new Fuji plant. Fujitsu

is working closely on robot developnent with its affiliate.

The heavy enphasis on assenbly and sense perception by both
the private firms, universities, and public research institutes would
seemto indicate the possibility of achieving the goal of popularization
of assenbly robots by 1985. As will be discussed |ater, the Japanese consider that
the intelligent robot is an inportant element of export policy for the
future.

BUI LDI NG BLOCK SYSTEM ( BBS)

The trend to incorporate various nodels into a single production |ine
and to run these lines at higher speeds created some problens for the
conventional universal type spot welding robot. In a mxed-flow production,
[ine robot capacity was not fully and efficiently utilized. Furthermore, it
required a large floor space for installation.

After a year of devel opment and design and a half year of testing
a new robot, the BBS becane operational in My, 1978. The BBS is nore
conpact in size and therefore, |ower in cost than the conventional robot.
It is a fully articulated nulti-welding system wherein one control panel
can control sinultaneously up to 8 units (48 axes) and a hydraulic unit,
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separate fromthe robot min body, controls three robots

A study of two years of operation of the BBS welding in an auto
plant indicated that its investment efficiency was 30% greater than a
conventional robot system The floor space required was reduced
almost in half. The downtime of a BBS robot was one third of the
downtinme of a conventional robot.

BBS is the aimof nost of the makers of sophisticated robots
How many of these building block systems are now operative in Japan
is not known, but the several years of experience and the concen-
tration of private research |aboratories on the BBS would tend to sub-
stantiate the Japanese expectation of a substantial increase of the BBS
far beyond application only to spot welding. Toyoda Machine Wrks and
Toshi ba Seiki have devel oped successful BBS robots but detailed pro-
duction information for these conpanies and other BBS nakers is
currently unavailable

FROM ASSEMBLY ROBOT TO FLEXI BLE MACHI NE SYSTEM

The ultimte aim of the assenbly robot is the creation of a com
prehensive flexible manufacturing system (FMS) sonetines called the
“ unmanned factory”. Such a system as exemplified by Fuji Electric’s
turnkey noodl e factory would combine industrial robots wth an auto-
mat ed war ehouse, unmanned transport vehicles, belt conveyors, and
conputers which would sinultaneously operate and record production

Fujitsu Fanuc has invested Y 8 billion to create such as factory
at Fuji to serve both as an automated manufacturer and a show oom
Its production capacity can be expressed in terms of nonthly sales of
Y 1.5 billion or in terms of production output-- 100 industrial robots
150 electric discharge wire cutting machines, 100 numerical controls.
The total nunber of enployees is 100--19 nmachine processors, 63
assenbl ers, 4 inspectors, and 14 management and clerical personnel. A
factory of this scale normally requires five times as many people

The Japanese argue that the FMS actually results not only in
reduced |abor costs but reduced capital investnment. Fuji operates
24 hours a day (unmanned at night) and equipment utilization ratios
are close to the maximum Furthernore, nodel changes can be nade
easily. Wth robots, machines need not be replaced or rebuilt; only
the program nust be changed. Prior to the introduction of industria
robots, factories often shut down for nonths to make the required
alterations for a model change. |In addition, a substantial amount of
peripheral factory equipment such as lighting (the robots run at night
in an unlighted plant) , air conditioning and atnosphere control became
unnecessary, at least in those areas where robots work without humans
in proximty. Finally, the niniaturization of industrial robots, which
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is beginning to take place, wll enable robots to be positioned very close
to each other permitting a higher degree of efficiency in space utiliza-
tion, a mgjor element in Japan where industrial land is relatively scarce
and high-priced. This plant contrasts sharply with the custom made
alnost handicraft assenbly of many Anerican robot manufacturers. The
ability of Fanuc to increase its output swiftly is understandable; when
they speak of an ultimate capacity of 360 units per month of industria
robots (which | presume includes both machine |oading/unloading robots
now being sold and their new assenbly robots) it seems quite feasible

FUTURE OF JAPAN S | NDUSTRI AL ROBOTS

The demand projections for rapid growh are based on the following
anal ysis:

(1) The intelligent robot with an internal mcroconputer and
sensory perceptions has emerged and its field of application, especially
in assenbly and inspection, will widen and expand very rapidly. The
announced plans of the major electrical manufacturers shoul d provide
substantial markets within each conpany and its affiliates.

(2) The shortage of skilled Iabor and the aging of the work-
force will hasten the acceptance of industrial robots.

(3) The ability of industrial robots to work in adverse work
environments resulting in savings on anti-pollution devices and energy
will also accelerate acceptance of industrial robots.

(4) The governnment policies of financial aid and accelerated
depreciation will encourage the use of industrial robots anong the smal
and medi um corporations. To the extent that such firms are suppliers
of the larger process industries, they will be conpelled to introduce
industrial robots to provide swift on-time delivery of conponents
(the Komban System of Toyot a)

(5) To increase Japan’s conpetitiveness in international markets
not only against the advanced Western nations, but also against its |ow
| abor cost conpetitors in East Asia (South Korea, Taiwan, Singapore,
Hong Kong) , Japanese firns are being conpelled to automate

(6) As demand for goods becomes |ess uniform and nore
diversified, small and medium batch multi-product production and
constant nodification will become predominant. The industrial robot
especially the BBS, has greater flexibility than the dedicated, single
pur pose automatic equi pnent.

(7) Japan has made robots a top priority both for research and
production and an unrestrained effort is being made in that direction

(8) The Japanese expect a substantial expansion of robots to areas
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other than the process industries such as electrical and automobile
manufacturing. In agriculture, robots will be used for crop dusting
and spraying chemcals, harvesting fruit trees, tilling ground and even
mlking and feeding of cows. The Japanese expect robots to be used
in many aspects of forestry.

A top priority has been given to underwater geol ogical surveying
and wel ding and nachining (under 300 nmeters) . Komatsu already has
an underwater robot being used in bridge building. In mning, robots
are being devel oped to work coal and ore faces. Robots are also being
pl anned for building construction (especially multi-storied) and road
construction. In the service industries robots are being devel oped to
clean walls and floors of buildings, cleaning of boat hulls, cleaning
electrical insulators in nuclear energy. The Japanese also expect to
expand robot use in the hospital and the hone. However, it should be
enmphasi zed that the top priority for the first half of the decade remains
the intelligent robot for assenbly

(9) Japan expects to be a major exporter of industrial robots.
This requires some additional coment.

The Japanese expect that Western Europe and the U S. , as wel
as Eastern Europe, will make strong efforts to increase worker pro-
ductivity. These “reindustrialization” programs will necessarily
invol ve increased use of industrial robots and Japan plans to export
them Wile exports of robots were less than 2% in 1980, the Japanese
expect that in 1985 and 1990, exports will constitute about 20% of
p reduction

The Japanese attitude is expressed inthefol |l ow ng view of Mchida
of the Long Term Credit Bank: “The industrial robots presently in
use are, technologically speaking, still in their infancy. During the
1980's they will mature from boyhood to the young adult stage. At
present, Japan is the nunmber one country qualified to be the parent of
this child"

Accepting the challenge of Japan’s lack of innovativeness and
creativity, Machida wote “It has been said that Japan cannot be victorious
in the pioneer technology which is producing sophisticated, know edge-
intensive products because we do not possess high creativity. However
the expanding exports of Japanese intelligent robots will soon bear testi-
mony to the fact of our international conpetitive strength, not only in
i nprovenent technology and application technol ogy, but in pioneer
technology as well”.
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Machi da concl udes his overview asserting that the “intelligent robot
is representative of the |eading edge of technology products” and that
“the growth of the industrial robot industry will bear eloquent testi-
mony to our strong international conpetitiveness even in the area of
state-of-the-art technol ogy”. These views reflect the Japanese
attitude of placing major stress on the export of intelligent robots
as proof of Japan's creativity.

Returning to the estimated demand forecast, the nost substantial
growh through the eighties will be the intelligent robot. Playback
and NC robots will grow at an accelerating rate in the first half of
the decade, but should slow down in the second half. Variable
sequence robots will also grow significantly in the first five years but
level off in the second five years. The manual manipul ators and fixed
sequence machines show growth but their total share of output will
decline significantly in value terms. Thus, in 1974, the sophisticated
robots constituted 10. 8% of total value; in 1980 26. 4% in 1985, 41%
and in 1990, 45%

In ternms of production, the two processes certain to grow through-
out the decade will be assenbly and inspection and measurenent, probably
at a rate of almost 40% annually. Spot wel ding, arc wel ding, and machine
loading will continue to grow but at a decelerating rate. Spray painting
should maintain continuous growh. In 1985 the production process for
which robots are produced have been estimated as follows (in % of value).

1) Assenbly 21 7%
2) Machine Tool Process 13.1
3 Arc Velding 10.5
4)  Inspection 10.0
5 Spot Wélding 7.5
6) Spray Painting 5.0
7)Mol ding 3.3
8) Qhers 28.9

How will the U S. and Japan conpare in the future? Using the US.
definition of robots the following table includes the |atest estimates.

TABLE 15
U.S. -Japan Conparison
Industrial Robots (U S. Definition)

Units Value (nillion $)

us. Japan uU.S. Japan
1980 1,269 3,200 100. 5 180
1985 5,195 31,900 441.2 2,150

1990 21,575 57,450 1,884.0 4,450
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This is probably the best estimate of the future, assuning a contin-
uation of those elements presently at work in each country. If we learn
anything from history, it is that the future is never a sinple continua-
tion of the present. Therefore, hopefully the estimates remain “tentative
and prelimnary”.

FOOTNOTE :  Wile | alone am responsible for this report and its con-
clusions, many others provided assistance. In particular, M. Karl Kanita
of Daiwa Securities ably researched and translated nunerous articles

on robotics in Japan. The works of M. Yonenoto of the JIRA, M. Mchida
of the Long Term Credit Bank of Japan, Prof. Ueda of Nagoya University,
and M. Engelberger and M. Tanner, two “veterans” of U'S. robotics,

not only added to ny fund of know edge but greatly influenced ny

t hi nki ng.
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