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EXECUTIVE SUMMARY

National Security Assessment of the U.S. Robotics Industry

This assessment_was conducted by BXA’s Office of Industrial Resource Administration
when industry sources advised the Commerce Department that the U.S. robotics
industry was rapidly losing market share to foreign competitors and in danger of
falling behind in many areas of the technology. The assessment analyzes the industry’s
historical performance and examines both the national security and commercial
importance of the U.S. robotics industry within the context of international
competitiveness.

Robotics is critical to U.S. national security. Robotics was identified by the 1990
Department of Defense Critical Technologies Plan as vital to long-term U.S. defense
capabilities. Robotics are incorporated in current weapons systems and will play a
larger role in future systems. While defense and commercial development follow
largely separate paths, a strong domestic industry is essential to maintaining U.S.
involvement in the continuing overall development of robotics technology.

Robots have wide-ranging commercial implications. Robots are used extensively in the
automotive industry, primarily for welding, painting and material handling
applications. The electronics, aerospace, metalworking and consumer goods industries
are also major rebot users, Integrated factory automation systems, to which robot
technology is key, affect nearly all types of manufacturing. In the near future,
productivity and competitiveness in these industries will depend in large part on flexible
automation through robotics.

U.S. robot manufacturers have lost market share throughout the 1980s. U.S.
manufactured robot shipments fell 33 percent from $225.5 million in 1984 to less than

$150.6 million in 1989. Despite the weakening of the dollar against other major
currencies after 1985, imports during this period rose from $88.4 million to $181.4
million, a gain of more than 105 percent. Import penetration grew to at least 62.7
percent by 1989, and to an estimated 75 percent if account is taken of "reshipments" of
imported robots. Although third calendar quarter new orders rose from 672 units in
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1989 to 1,236 in 1990, actual U.S. production failed to rise correspondingly as over 80
percent of these orders were filled by imports.

Low profitability has forced many U.S. producers from the industry. The robotics
industry as a whole reported losses four out of five years from 1985 to 1989. A return

of 2.3 percent was reported for 1986. U.S. manufacturers have been unable to
produce the high volumes necessary to realize economies of scale and generate revenues
to cover their high costs. Many large firms, such as Westinghouse and Cincinnati
Milacron, faced with low profitability, have exited the industry,

Investment has been inadequate to maintain robot production capacity in the United
States. Total investment by U.S. robot producers peaked in 1986 at $22 million and

fell to $6.5 million in 1989, Investment by individual firms varies a great deal. One
large firm’s investment in buildings alone greatly inflated the first three years’ figures.
Those firms most dependent on the auto industry saw their investment decline with the
drop in motor vehicle orders after 1986.

Total employment for the surviving rebotics companies fell 6.8 percent. The number
of employees in the U.S. robot industry dropped from 1,440 in 1985 to 1,345 in 1989.

Within occupational groupings, the number of production workers dropped 11.8
percent during the same period. In 1989, the proportion of production workers to total
employment was only 18.8 percent, down from 19.9 percent in 1985, which is far below
the norm for the manufacturing sector. This is indicative of the declining amount of
manufacturing that actually occurs in the United States.

Productivity in the domestic robotics industry has declined. Sales per employee were
down from $138 thousand in 1986 to $103 thousand in 1989. In recent years, capacity
utilization has been low, which tends to drive productivity down. For instance, in
1989, capacity utilization was an average of only 54 percent of production capability.

The U.S. robotics industry is at a disadvantage in funding for Research and
Development(R&D). U.S. industry investment in Research and Development, an
average of over nine percent of sales, is comparable with percentage investment by
foreign industry. However, in aggregate dollars, it is dwarfed by foreign investment
and inadequate to undertake all the projects needed to maintain competitiveness. It is
at a further disadvantage compared to Japanese and Western European robotics
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industries which have received substantial government assistance. In the United States,
the largest amount of Government assistance in robots supports R&D for often unique
space and military projects which, while important in their own right, have little direct
commercial application. We estimate less than five percent of the world’s total
commercially related R&D in robots is funded in the United States.

Strategic miscalculations have hurt the development of the U.S. robot industry. FEarly
U.S.-produced robots were often too complicated, with unrealistically high productivity
gains expected from them, causing major U.S. end-users to shift to foreign suppliers.
One major user-turned-producer pursued hydraulic robots when the market moved
decisively to electric robots.

The United States is nearly out of the industrial robot business. A major reason has
been the slow development of the factory automation market in the United States.

Currently, only a few small firms exist on the edges of robotics technology surviving in
application-specific niches, Most produce accessories, peripherals or sensors for end-
effectors that are added to imported robot arms and bodies. Many industry observers
believe it is too late to restore a viable domestic industry.

The_absence of a domestic robotics industry will slow future applications development.
The absence of U.S. robotics producers will force U.S. factory systems integrators,

both commercial and defense, to focus automation alternatives on the available foreign
made robots, rather than develop new robots to provide optimal solutions for U.S.
manufacturers. In many cases, this will bring less than desired results, especially for
small- and medium-sized firms that lack the leverage of larger firms. Also, foreign
sales and support offices are no substitute for the complete technical support a
domestic robotics manufacturer could provide.

Historically, U.S. manufacturing firms have been slower to install robots in their plants
than some of our major trading partners. A major reason was related to the lower

capability level of earlier robots, which were developed and used in labor shortage
countries (Japan, Sweden, and West Germany) as labor substitutes. The United States
had an abundance of unskilled and semi-skilled labor that was less costly to
manufacturers than robots. Further, labor unions have historically had an anti-
automation bias. In addition, older vintage machinery in many American factories is
less robot compatible, inhibiting manufacturers from purchasing and integrating
robots.
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In trying to develop recommendations which would be useful for policy officials at the
Department of Defense, the Office of Science and Technology Policy, NASA and other
concerned agencies, we were confronted with some major unanswered questions
regarding the extent to which the domestic robotics industry’s viability affects defense
concerns, These questions were beyond the scope of our study. Nevertheless, we were

able to develop some specific recommendations that may assist the industry in limited
areas:

0 The robotics and factory automation R&D programs at the National
Institute of Standards and Technology could be broadened and expanded,

and Commerce could take the lead in_coordinating efforts bg' tween the
U.S. robotics industry and robot end-users.

0 The Robotic Industries Association and its membership should be
encouraged to explore shared flexible centers for integrated
manufacturing and R&D consortia, which are promoted by the
Department of Commerce’s Technology Administration.

0 The Bureau of Export Administration’s Qffice of Industrial Resource
Administration (OTRA) should continue to monitor the status of the
domestic robotics industry. This will allow policy makers access to
current information on the health and viability of this critical sector,
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INTRODUCTION

Background

The U.S. Department of Commerce, Bureau of Export Administration
(BXA) is delegated authority under the Defense Production Act of
1950, as amended (DPA), and related Executive Order 12656 to
identify critical industries; assess their capabilities to meet
national security needs; evaluate current and potential
production bottlenecks; and propose remedial action when
necessary. The Office of Industrial Resource Administration
(OIRA), Strategic Analysis Division (SAD) is responsible for
conducting these national security industrial assessments.

In the course of an industry assessment, particular consideration
is given to such factors as: industry structure, investment,
research and development (R&D), employment, production capacity,
foreign sourcing and dependency, technological factors, trade
patterns and market trends, and international competitiveness.
Necessary data are collected by SAD from the private sector under
authority of Title VII of the DPA. 1Independently, as well as in
cooperation with the Armed Services, OIRA has completed a number
of national security assessments including studies of the anti-
friction bearings, machine tools, investment castings, gears,
precision optics and other industries supplying products critical
to defense.

OIRA initiated an industrial capabilities assessment of the U.S.
robotics industry in February 1989. The reasons were twofold.
First, industry sources advised the Commerce Department that the
U.S. robotics industry was rapidly losing market share to foreign
competitors, and in danger of falling behind in many areas of the
technology. Moreover, robotics is a technology that is vital to
maintaining the manufacturing and industrial base of the United
States. These reports were substantiated in a preliminary OIRA
assessment, that included consultations with both public and
private industry experts and a review of recent literature on the
industry.




Second, in response to the National Defense Authorization Act,
the Department of Defense (DOD) forwarded the second Annual
Defense Critical Technologies Plan that identified 20
technologies determined by the Secretaries of Defense and Energy
to be the technologies most critical to ensuring "the long-term
qualitative superiority of United States weapon systems."

Machine Tntelligence and Robotics was named as one of these
critical technologies in the Defense Critical Technologies Plan
for two consecutive years.

survey Methodology and Scope

An industry survey questionnaire was distributed to nine firms in
the robotics industry under mandatory collection authority
provided under section 705(e) of the DPA in March 1990. It was
determined that a mass survey of the entire robotics industry was
unnecessary to obtain the information needed for this assessment.
Further, a nine company survey would lessen the paperwork burden
on the industry, and reduce the administrative costs to the U.S.
Government. The nine firms surveyed included producers of a full
range of material handling, arc and spot welding, assembly,
painting, machine loading and sealing robots. Several companies
surveyed also produced automated systems for flexible
manufacturing. The survey encompassed U.S. firms as well as two
joint ventures and several domestic sales establishments set up
for the marketing of foreign produced robots. Some of the robot
manufacturers also produce related devices for automation,
inspection and assembly tasks. The survey was supplemented by a
review of the avallable literature, and related visits were made.

This assessment begins with an examination of the national
security and commercial importance of robots and a discussion of
the reasons why American industry has not installed robots to the
degree its major international competitors have. A detailed
product description is presented, followed by some of the more
prominent applications and markets. Next, a historical
background is provided, detailing the development of the current
American robot industry, industry statistics, major company
profiles, production capabilities and information on foreign
sourcing.
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Most of the industry survey results are presented in the section
on industry performance. This section assesses the U.S. robot
industry’s health and viability by discussing recent trends in
shipments, import-export trade, profitability, investment,
employment, and R&D information. A world overview follows to
give the reader an idea of where the United States stands
relative to its major trading partners in terms of robot use and
capabilities. This is followed by an analysis of the
international competitiveness of the U.S. robot industry and its
prospects for long-term survival. The assessment ends by
summarizing the major findings and recommendations.
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MAJOR ISSUES

National Security Perspective

In a section of the October 1990, Department of Defense Report to
Congress on the Defense Industrial Base: Critical Industries
Planning devoted to machine intelligence and robotics, it was
stated: '

"Aggressive development and application of machine
intelligence and robotics technologies are needed for
the U.S. to remain competitive on the battlefield as
well as in manufacturing. The potential uses of
Machine Intelligence/Robotics are extremely broad. In
fact, the Navy terms it a ‘generic’ technology because
of its vast number of potential applications. It is
very much a multi-use technology area, with equally
strong benefits accruing from military, commercial, and
space applications."

Direct robot utilization by the military is still relatively
small, but includes activities as varied and critical as
explosive ordnance disposal, underwater research and recovery,
biological and chemical defense and nuclear weapons applications.
Robotics technology also has rapidly growing applications in more
complex weapon systems. Robotic mechanisms have a wide range of
military applications in helicopters, ground vehicles, weapon
systens and robotic work tables and devices. In addition,
articulated mechanical devices are major components in military
vehicles with rotating turrets, recoiling barrels and automatic
ammunition handling equipment. Robotic systems are of special
interest in the welding of tank suspension systems, minefield
breaching, refueling and reloading devices and armament systems.
With the introduction of composite materials into the design of
robotic arms, robots will be able to accomplish such tasks more
rapidly and with less power consumption.

Robots need to be trained only once and can thereafter

efficiently repeat the same action. Advancements in artificial
intelligence, which are progressing at a rapid rate, will allow
robots to operate sophisticated military machinery and equipment
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and decrease the need for manpower in such applications. The
Electronic Industries Association, in its forecast of the defense
electronics market, names the use of autonomous systems (such as
robotic vehicles/aircraft) as one of the major trends in
electronic content of military systems.

In general, robotics military applications will reduce the need
for manpower, while improving human response times. Other
benefits will result from the use of autonomous vehicles and
unmanned aerial vehicles. Robotics can also be applied to remove
crews from hazardous environments and exposed platforms,
resulting in improved survivability.

DOD is currently working in the area of robotic material handling
systems for logistic applications. The inroads made in the area
of fiber-optic-guided missiles (FOG-M) offer encouragement
regarding the use of tele-operated systems. DOD is also
succeeding in its efforts to develop a tele-operated mobile
platform that can serve as an unmanned reconnaissance platform.
In conjunction with this program, efforts are underway to control
multiple platforms via a single mobile Robotic Command Center
(RCC). Another application of the tele-operated robot will be
the development of Caleb, a small vehicle capable of
reconnaissance, surveillance and target acquisition operations
for the infantry.

Robots also play a vital role in flexible manufacturing which can
be used to produce many products, including defense critical
parts and weapon systems. Robot use in manufacturing results in
more flexible manufacturing capabilities with shortened
production lead times and enhanced quality. Further, inventories
and associated carrying costs can be lessened, and in many cases,
eliminated, and capital costs (except for software)} can be
reduced to zero for many new products. The increasing use of
robots in production of defense related products and the
industrial base makes the availability of robots during a
national security emergency critical to meet surge production
reguirements.
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Commercial Perspective

From a commercial perspective, the single most important
consideration about robots and robot technology is the potential
for increasing manufacturing productivity. 1In a broader
perspective, robots are playing an ever expanding, and arguably
more important, role in the evolution of factory automation. As
a result, many robot producers are taking on the expanded role of
systems integrators. Systems integration, making extensive use
of computers, electronically links the machinery and equipment on
the factory floor, coordinates the flow of materials, and strives
to utilize each available machine and piece of equipment to the
maximum extent, thereby attaining the highest possible
productivity.

In this respect, robots can be viewed as another form of
automated equipment. The technology still has a way to go before
the "promise" of robots is fulfilled. While we are moving in
that direction, practice to date has demonstrated that robots
have not been "revolutionary" in their impact on the production
floor, at least not in the United States.! Robots have made
their greatest inroads into jobs undesirable or hazardous for
humans. These include spray painting, heavy lifting, operating
furnaces, or digging for coal. Also, robots can be constructed
with special skills different from humans, such as infrared or
microscopic vision, ultra high or low fregquency hearing,
temperature sensitivity, or exceptional strength that make them
particularly useful in certain specialized applications.

Through the installation of robots in manufacturing facilities,
productivity gains of 20-30 percent have been realized. In light
of much higher expectations, these results were not particularly
impressive to many end-users. However, with further advances in
artificial intelligence (such as learning and decision making
abilities) and sensors (vision, tactile, etc.), robots will
gradually climb the "skill" ladder, and may soon even approach

'Robots are revolutionary in the same sense as computers or
CNC machine tools. However, end-users in the United States have
not exploited the potential of factory automation, where robots
have the greatest impact.
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the level of skilled machinist. In the meantime, incremental
productivity advances have made robots (and factory automation)
more and more a competitive imperative.

Currently, as a process technology, robots are between two
extremes: custom production and dedicated automation.? At one
extreme, custom production, general purpose machines are usually
hand operated by skilled workers to produce a single item or
small lots of that item. Capital equipment costs may be low but
total unit costs are high because set-up time can be
considerable, individual machining can be a demanding and time
consuming task, and all of the costs must be spread over a very
small number of units produced.

At the other extreme stands dedicated (or hard) automation, where
the initial fixed capital investment can be quite high but total
unit costs are typically very low, because the automation of
production increases speed and ensures constant quality. The
highly specialized equipment (dedicated automation) is set up
once and thereafter production of a single product can flow
continuously. '

Robots are not yet clearly identified with either of these
extremes, although they are rapidly pushing toward both ends.
For now, set-up time for a robot still exceeds that of a human
operator in custom production, and the speed of a robot is
usually no match for dedicated automated equipment.

Robots are today also between these two extremes in terms of
total cost to the manufacturer and capability. The fixed capital
costs of a robot installation exceed that for custom production
but are less than dedicated automation. In terms of capability,
robots are still no match for the subtle skills of a precision
machinist, nor can a robot repeat a single task as perfectly as
highly specialized automated equipment.

In terms of flexibility, robots have improved in recent years to
the extent of matching, and in some instances, surpassing a

skilled human operator. Robots can adjust a workpiece, correct a
minor flaw, and carefully check each piece as it is produced. On

2Adapted from Human Resource Implications of Robotics, by
H.A. and T.L. Hunt, 1983.

TR

i

Hid ¢ i




the other hand, dedicated automation is capable of producing a
single product only. Specialized hard automation sometimes must
be scrapped when the product is changed, whereas the robot can be
reprogrammed to perform a new task.

Despite the fact that robots represent a compromise between the
extremes of custom production and dedicated automation in terms
of cost, capability, and in certain respects, flexibility, more
than half the robot usage in the United States today has been in
mass production facilities where human workers or the type of
work itself already limits the speed of the overall facility.
Thus, robots are serving primarily as a cheaper alternative to
dedicated automation rather than being applied to automate batch
production facilities.

The goal, and possibly the most important impact of robots, is to
make custom production as efficient and productive as dedicated
production, and to make dedicated production more flexible and
adaptable to product changes. In the first instance, batch
production can be made much more productive; in the second,
overall capital costs that otherwise might result from even minor
product design changes can be greatly reduced. Where 100 percent
utilization of each machine has been built into the system in the
case of dedicated production, at the batch level, 100 percent
utilization is now becoming possible by programming it into the
system. This is being accomplished in conjunction with so-called
"universal" machines such as machining centers or CNC lathes that
combine multiple metal removal functions (drill, mill, plane,
turn, or bore) into a single machine. Robots are fundamental to
the smooth and efficient operation of such a system.

Constraints to Using Robots

U.S. manufacturing firms have been slower to install robots in
their production plants compared to some of our major trading
partners. In 1988, in terms of robots installed per 10,000
manufacturing employees, the United States stood fifth among
major nations. The following table compares robot use in the
seven nations with the largest robot populations (excluding the
Soviet Union and former Eastern Bloc countries). '
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NUMBER OF ROBOTS PER 10,000 MANUFACTURING EMPLOYEES

Robots/10K emplovees Robot Population
1983 1988 1983 1988
Japan 33 117 47,000 176,000
Sweden 16 83 1,452 8,000
Germany 6 21 4,800 17,700
France 4 18 1,820 8,026
United States 4 17 g§,000 32,600
Ttaly 3 16 1,510 8,300
United Kingdomn 3 9 1,753 5,034

Source: UN, Economic and Social Council, and OECD
Statistics

There are several reasons why the United States has been slower
to install robots than others. Perhaps the number one reason has
to do with the availability and cost of unskilled and semi-
skilled labor. Shortages of unskilled and semi-skilled labor
have existed in Japan since the 1960s, and to a growing extent
have alsc occurred in Europe. This has forced wages up in these
countries and actually made robots more attractive as labor
substitutes, especially for low skill tasks. 1In economic terms,
these other countries essentially substituted "capital” for
labor. It can be assumed the marginal product of capital in
these countries was greater than the marginal product of labor.
Thus, capital, in this case robots, was added.

Had robots been valuable to U.S. manufacturers as simple
"substitutes" for scarce labor, undoubtedly the robot population
today would be much greater. However, in the United States,
robot sales hinged on substantially raising productivity. Robots
were expected to surpass labor in capability, quality and
performance. Thus, a very important constraining factor for the
United States in the past was the relatively low level of robot
technology development.

Further, U.S. manufacturing plants generally have older vintage
machinery and equipment than plants in many other advanced
nations. It is very difficult to integrate robots with older
equipment without extensive modifications. While robots can
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function effectively as stand alones, especially in hazardous
applications, their utilization is dependent on the pace set by
the factory. Also, the technology has so far required a highly
structured environment, where the functioning of the robot was
totally dependent on "work" taking place exactly where planned.
This generally added cost to the purchase of a robot faster than
it added benefits. The trend is now moving toward fully
automating factories, and disposing of the older equipment.

Additionally, many manufacturers have adopted a "wait and see"
attitude. Over time, the cost of controllers and vision systems
and other parts of the robot has declined, driving the overall
cost of robots down. And while the cost has come down, the
capabilities and performance of robots have improved, making them
more attractive as an investment with each passing year.

Also, labor unions have exhibited a bias against automation of
all types, including robots, that threatened jobs of their
membership. This attitude retarded the use of robots to an
unquantified extent and persists today. The unions’ concerns are
not totally unfounded, as automation has reduced the overall
labor content in manufacturing.

A last consideration concerns the retarded development of the
robot industry itself in the United States. According to
industry sources, the robotics industry, as well as end-users,
has done relatively little in the way of applications research,
while focusing heavily on technology development. The results
have been underdeveloped markets and a fragmented industry.
Meanwhile, the robotics industries in other countries,
particularly Japan, West Germany and Sweden, have focused on
applications and developed several formidable robot producers
much larger than American firms. One result is that today
foreign firms dominate the production of robots worldwide.

Until recent years, the United States still had both an adequate
skilled labor force and a large pool of unskilled and semi-
skilled workers such that adoption of automation was not seen as
a necessity. However, this may be changing. Many manufacturers
now complain that there are insufficient numbers of high school
graduates with adequate mathematical and verbal skills. It is
difficult to attract young people to the manufacturing sector
when starting wages are often lower than service sector wages,
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working hours are longer, and long-term employment security
questionable.

Further, the National Tooling and Machining Association (NTMA}
has predicted that, by 1995, the United States will have at least
a 20 percent shortfall of skilled machinists needed for our
manufacturing facilities. 1In addition, the average age of the
workforce will rise during the 1990s. The percentage of the
population aged 35 to 54 will grow by more than 44 percent
between 1987 and 1993, while the 15 to 34 age group from which
new employees are drawn will decline by almost 13 percent.

Thus, ironically, as robot technology climbs the skill ladder, an
emerging problem to installing robots in the United States may
actually be finding and training enough robot technicians and
various other skilled workers (at a competitive price) to
efficiently operate and manage automated factories.

11

NTTRY

HE T07 ¢




PRODUCT DESCRIPTION

The Product and Technology

Since the inception of robot technology, producer countries have
had difficulty in defining a robot. The word itself is derived
from the Slavic root for "work" or "worker" and was introduced
into the English language in 1922 with the production of Karl
Capek’s play Rossum’s Universal Robots. The Robotic Industries
Association, however, defines a robot as "a reprogrammable
multifunctional manipulator designed to move material, parts,
tools or specialized devices through variable programmed motions

for the performance of a variety of tasks." This definition is
similar to that used by the Organization for Economic Cooperation
and Development (OECD). The Japanese Industrial Robot

Association (JIRA), however, commonly uses a definition which
includes lower level manipulators (e.dg., pick and place
assemblers). The dissimilarity of definitions across the globe
makes comparison of international robotics data somewhat
misleading.

Robot Types - There are various types of robots, performing a
variety of tasks. The major group of robots is classified as
industrial robots because of their use in the manufacturing
process. When egquipped with various end effectors (end-of-arm
tooling), industrial robots can accomplish material handling,
machine loading and unloading, palletizing and assembly.
Equipped with other tools, these robots can drill, grind, cut,
deburr, weld, paint, and glue. The industrial sectors that use
these robots most extensively are the automotive, electronics,
aerospace, metalworking and consumer goods industries.

Robot technology is also expanding into human service areas such
as health care, education, security, military, space, underseas
exploration, and hazardous environments such as nuclear disposal
or fire fighting. 1In addition, robots are being developed for
fields as diverse as mining, agriculture and parasurgery as well
as aliding the elderly and handicapped.
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Robot_Components - Industrial robots have three major components
in common: the manipulator, the power supply, and the control
system. In addition, various accessories, peripherals and
sensors, such as vision, sonic or tactile sensors, can also be
considered parts of the robot.

The manipulator is basically the robot’s arm; it is the component
which allows the robot to 1lift, grip, place or perform various
other operations. There are basically four types of manipulators
which are classified according to the coordinate system used and
the axes of motion:

(1) cylindrical coordinate - the work envelope is the shape
of a portion of a cylinder;

(2) spherical (polar) coordinate - the work envelope is the
shape of a portion of a sphere;

(3) jointed arm (revolute) - the arm, which is mounted on a
rotary base, operates similarly to a human shoulder and
elbow; and '

(4) rectangular coordinate (cartesian) - rectilinear motions
in stacked axes (as opposed to pivoting or angular).

The power supply drives the robot and is usually one of three
types: electric, hydraulic or pneumatic. Production demands for
acceleration, lifting capacity, manufacturing environment and
cost will determine the best choice for a power supply. In the
United States, most industrial robots are now fitted with an
electric power supply, with hydraulic and pneumatic systems on
the decline.

Electrically driven robots are more expensive than the other two
types, but provide operational benefits. Electric drives have
been shown to offer greater reliability in the control and
positioning of the manipulator. They are the preferred drives
for precision assembly operations where accuracy and speed are
essential. Developments in the technology have also allowed
electric robots to operate in more hazardous environments than
was possible in the recent past. The drawbacks that are
associated with this type of power supply are the limits on lift
capacity (when compared to hydraulic) and the cost. At an added
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cost, a gear system can enhance the lifting capacity of electric
drives, '

Hydraulically driven robots, using pressurized fluids for motion
control, are often preferred in unsafe working and manufacturing
environments. A major advantage of this type of power drive is
its ability to lift very heavy payloads. Hydraulic robots are
slower and less efficient than their electric counterparts. They
are unable to stop quickly and change position. Once a motion
has begun, the robot will continue through the sequence until it
is completed. An ancillary problem that must be contended with
is the propensity to develop leaks, which is not acceptable in
many applications such as painting or clean rooms. In addition,
the fluids must be at a certain temperature before the robot can
be functional. Therefore, hydraulic power has a limited
environmental range in which it is effective.

Pneumatic, or compressed air, robots are mainly employed because
of their low cost. They do, however, suffer from the drawbacks
of less accuracy and the ability to 1lift only light payloads.
This type of robot is much less common today than in the past and
is used primarily in assembly operations.

The control system is the brain of the robot. It communicates
instructions to the manipulator and in more advanced systems
receives feedback from the outside environment. The control
system may be structured as either a "closed loop" or "open loop"
system; that is, the system may use feedback (closed loop), or it
may simply perform its programmed function without verification
of results (open loop). In its simplest form, the control system
can consist of a series of adjustable mechanical stops or limit
switches.

Most robots being sold today use some type of servo-mechanism.
This type of control works with a sophisticated three dimensional
computer control which allows the robot to be more flexible than
with just simple limit switches. Most servos allow the robotic
motion to be automatically decelerated so as not to overshoot the
final location. This technology has both safety and accuracy
considerations. Servo-controlled robots can be divided into
three different types:
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1. Fixed sequence robots operate sequentially in conjunction
with information that cannot be easily modified, and
variable sequence robots which can be easily reprogrammed,
increasing flexibility.

2. Point-to-point robots move from one specific point to
another without any particular path definition. The points
between which the robot travels can be inputed to memory
through a variety of means including mathematical formulae,
by simulation, by computer, or manually through a keyboard.

3. Continuous path robots use a series of computer generated
points which record all the motion needed to develop
patterns and tracks for each pass that is repeated.

In addition, playback robots repeat an operation based on
information provided by manually moving the robot, taking note of
sequence and position. Numerically controlled robots use
computer controls which execute an operation based on a loaded
program. These controls are similar to those used on numerically
controlled machine tools. More sophisticated control systems
utilize artificial senses such as tactile and vision as inputs
from which decisions or paths are chosen. Thus, these robots are
capable of recognizing changes in the environment and utilize the
information to modify their own operation to accommodate for
variations.

Technology - Robot technology is still developing, with advances
proceeding along a number of paths. The most effective robots to
date have actually been the simplest. Until further advances are
made, robots will continue to reguire highly structured
environments, where each move is preplanned and predictable.

Future developments in robot technology will focus mainly on new
applications and improved accuracy, leading to enhanced
capabilities. Work will also continue in combining robot
technology with other technologies such as artificial
intelligence, computer architecture, software and composite
materials (for lightweight robots). Application and integration
of robotics and other intelligent machines in the manufacturing
process will result in higher productivity with shorter lead
times as well as improved quality and accuracy. These
developments will help improve the health of the U.S. industrial
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base through more efficient production.

Developments in artificial intelligence and system controls are
still in the early stages and the abilities of these technologies
to be incorporated with robotic systems are still changing
rapidly. System controls and computers are able to coordinate
the production process of the machinery with the robot’s
articulated skill to move its effectors or components with a high
degree of precision. In instances where decision making is
necessary, artificial intelligence and system controller logic
commands are introduced so that the system computer can modify
the manufacturing operations to accommodate for changes in the
environment.

Advances in controls, vision systems and sensor systems will
allow for continuous assessment and correction during an
operation and will result in a more autonomous robot. Artificial
intelligence will make the robot more capable of independent
decision making, providing for a truly automated operation.

These advances have direct defense applications in the
development of robotic vehicles and aircraft. The United States
leads in the area of software development and more complex robot
applications. Several European nations and Japan, however, hold
a lead in applying robot technology to the production floor.

In summary, technological advances have allowed robots to perform
more quickly and accurately and to lift heavier payloads. As
machine vision and other sophisticated sensors are further
developed, a new generation of robots will evolve with greater
capabilities which will expand robotic applications dramatically,
and it is this new generation that is the primary concern.

Applications

Robots can either stand alone or be integrated into complete
workcells in conjunction with machine tools, assembly equipment,
hand tools and other manufacturing eguipment to create a fully
automated operation. An example of this integration is as
follows: after downloading a robot program, a robot can
transport and insert raw materials into a machine tool for
processing, extract the piece after machining, deburr the holes,
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grind or polish the surface, clean and inspect the piece,
assemble the workpiece with other components and then finally
palletize the subassembly for transport and downstream
processing. User demand for such processes must first catch up
with evolving technology before the advantages of flexible
manufacturing cells and incorporation of robots with other
machines can be realized.

Most of the robots in use today are industrial robots and, as
capital equipment, are highly dependent on the investment climate
in the markets into which they are sold. The diversity and
strength of these end markets can impact greatly on the
performance of the robotics industry.

Industrial robots have become essential and integral to automated
manufacturing. Robots are used for many applications, from
welding to material handling to painting. Welding applications
include arc and spot welding, mainly in the automotive industry
for welding various auto parts and the car body to its frame. 1In
addition, robots are used in laser cutting applications
especially for high speed cutting and for cutting through thick
materials. Laser cutting robots are used for cutting plastic,
wood, fabric and metal.

Robots fitted with grippers perform a range of material handling
tasks including fixing parts to pallets, loading machines with
parts to be machined, or placing parts on a conveyor to be moved
for further processing. These types of robots are used similarly
in the food, chemical and paper industries. Material handling
robots are constructed to handle parts as small as semiconductor
chips or as large as the front end of a car.

Robots can also be fitted with tooling for industrial painting or
sealing functions. Robots are now used to paint furniture,
household appliances and farm equipment. The most widely used
application, however, is for painting cars. Robots are also made
to reach in and around various parts of a car and can even open
and close the doors, trunk and hood and paint the inside. Robots
are also used to dispense various types of sealant, including
window adhesives, sound proofing and weather stripping.

The major markets for robots in the United States are the
automotive sector, which has purchased about 50 percent of the
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total, and the electronics industry with approximately 25
percent. These two sectors are followed by aerospace

(7 percent), other industries such as food processing,
metalworking and pharmaceuticals (7 percent), industrial
equipment (4 percent), and fabricated products (3 percent).

The dependence of the U.S. robotics industry on the cyclical (and
now foreign dominated) automotive industry has been as a serious
limitation to developing the technology. Industry sources
indicate the need to further penetrate non-automotive sectors
such as the aerospace, electrical and pharmaceutical industries
in order to smooth out cash flows and further stimulate technical
innovations. In addition, the service sector could be a major
growth area for robots in coming years. The potential
applications for service robots are countless, including cleaning
rooms, assisting the elderly or working as gas station
attendants.

In contrast, Japan is the major industrial robot user and has a
very different market profile from the United States. The
electronics industry uses the largest share of robots in Japan
(33 percent). Many of these are "intelligent robots" used in
manufacturing cells. The automotive sector ranks second with 26
percent of the market, consisting mainly of playback robots.>
Other sectors utilizing robots include plastic molding and
processing (14 percent), general machinery manufacturing (12
percent), and metalworking and precision machinery manufacturing.

Standards

Standards are critical to the interface of robots and robot parts
with each other, as well as with the numerous machines with which
robots will electronically link to form an automated system. The
large number of different computer languages and hardware
packages available to U.S. manufacturers has created confusion
and added costs to moving toward integrated manufacturing. The
Japanese have actually benefitted from Fanuc’s near monopoly

‘While the automotive sector ranks second in Japan, it is
still a larger relative user than the U.S8. auto industry, which
ranks first in robot use in the United States.
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position in Japan in controllers for machine tools and robots in
that they are all compatible. The standards issue is being
addressed at the international level. Underlying the problen,
however, is the fragmentation of the American robotics industry,
and in a much broader sense, of the entire factory automation
sector.

The main body for standards setting in the United States is the
Awmerican National Standards Institute (ANSI). ANSI provides the
mechanism for creating voluntary standards and serves to
eliminate duplication of efforts in standards activity. The
organization works toward eliminating conflicting standards and
creating single, nationally accepted standards.

In addition to ANSI, there are various organizations and
committees working on robotics standards in the United States.
One such committee is part of the Robotic Industries Association
(RIA); another committee works under the American Society for
Testing and Materials (ASTM). From an international perspective,
the committee working on robotics standards is Subcommittee 2 of
the International Standards Organization (ISO) Technical
Committee 184 (TC 184).

The RIA committee has been named Committee R15 and is concerned
with the development of American standards for the construction,
installation, operation and maintenance of robots and robotic
systems as well as safety guidelines for personnel who use or
install such systems. The Committee currently has six working
subcommittees in the areas of: Electrical Interface, Human
Interface, Mechanical Interface, Communications/Information,
Performance and Safety. RIA also acts as a liaison between U.S.
committees and the ISO in regard to industrial robot standards.

The committee under the ASTM is called ASTM F-28 on Robotics
Systems and its goal is to develop standard terminology, test
methods, practices, classifications and guides for robotic
systems. This is further broken down into subcommittees covering
terminology, performance criteria and system categorization.

The third committee, ISO/TC 184, focuses on terminology,
symbology and classification, performance and testing, safety,
programming metheds, requirements for information exchange and
mechanical interfaces. '
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These various domestic organizations work independently and then
coordinate with the international organizations to ensure that
U.S. products can interface with foreign produced robots and
related equipment. Through these committees, ANSI can make the
U.S. position on standards felt on an international level.

The formation of a single internal market by the European
Community in 1992 will result in the European adoption of
community-wide standards for many products, including robots.
This only emphasizes the need for standards to be in place as
soon as possible. The United States will have to work diligently
to promote EC consideration of U.S. ideas on standards for
robots.
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U.8. INDUSTRY DESCRIPTION

Historical Background

The robot was developed in the United States in the early 1950s.
The technology evolved from developments in servo mechanisms for
remote control of naval weapons and aircraft control systems,
tele-operator manipulators used in the nuclear industry, and
machine tools. George C., Devol is credited with the first robot
related patent in 1954. 1In 1961, the first industrial robot was
built by an American industrialist -- Joseph Engelberger -- who
went on to found Unimation, the world’s first commercial robot
producer. These robots, equipped with hydraulic drives, were the
prototype for years to come, as Unimation remained America’s
number one robot producer until the early 1980s.

Significant commercial production of robots began in the seconad
half of the 1960s. 1In 1968, Mr. Engelberger licensed Unimation’s
technology to Japan’s Kawasaki Heavy Industries. Kawasaki was
potentially a major user as well as producer of robots.

Kawasaki began experimenting with the now dominant electric
drives for the robots almost immediately, and successfully
applied the technology by the early 1970s. The firm is currently
the third major producer of robots in Japan. The firm
manufactures a broad range of industrial products including
machinery, motorcycles, aircraft and ships, all of which now
comprise numerous robot applications.

The United States remained the leading robot manufacturer until
the mid-1970s, when surpassed by Japan. A number of
circumstances not present in the United States propelled robot
development ‘in Japan. These included:

o very rapid economic growth, particularly in the robot
intensive automotive, appliance and electronics
industries;

o a growth-constraining labor shortage and rapidly rising

wages that encouraged robot use as a substitute for
unskilled labor, coupled with supportive labor unions,
often underwritten by lifetime employment policies;
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o) a low cost of capital and favorable tax incentives for
production plant modernization;

o government funding and support for commercial R&D; and

o "ocut-throat" competition among Japanese firms,
especially during their mid-1970s’ recession and
inflation period, that greatly stimulated productivity
enhancing investments.

However, while robotics grew rapidly in Japan, the late 1970s and
early 1980s was a period of slow demand growth in the United
States. Following the deep recession of the early 1980s, new
robot orders increased, stimulated especially by plant
modernizations by the major auto manufacturers. In fact, it was
estimated General Motors (GM) alone accounted for 40-45 percent
of total robot demand. This, combined with overly optimistic
forecasts, brought a short-lived resurgence to the American robot
industry. The period was characterized by massive investments in
robot development and promotion by well known firms such as
General Electric (GE), United Technologies, Bendix and
Westinghouse. One industry source noted that GE spent over $100
million in its failed robot efforts. '

Today, the U.S. robot industry has an in-place production
capacity for complete robots of less than $200 million, compared
to Japan’s more than $2.0 billion. In hindsight, the development
of the robot industry in the United States is replete with
strategic miscalculations and excessively optimistic forecasts.
Sales of robots never approached the very high projections made
in the 1970s and early 1980s. At that time, it was predicted
that by 1990 over 100,000 robots would be installed in U.S.
plants. Today, the actual number is about 39,000. 1In fact, GM
announced in 1980 that the company planned to purchase 20,000
robots by 1990, to restore quality and raise productivity. This
never materialized as GM purchased fewer than half that number.
By 1986, GM was releasing statements to the effect that robots
were only part of the answer to its problems, and that
productivity increases through robotics were not as great as
expected.

Ooptimistic projections for the domestic usage of robots led to
foreign investment in the U.S. market by both Japanese and
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European firms, and an over-expansion of capacity on the part of
several U.S. producers. The U.S. market was also characterized
by robot end-users aggressively entering the market as producers,
to supply their own needs, and in most cases, to sell on the open
market. The major user-turned-producer firms such as GM, IBM, GE
and Westinghouse significantly impacted the structure of the U.S.
robotics industry as well as the strategies employed by existing
independent robot firms.

With the decline in robot demand after the mid-1980s, several
firms, such as DeVilbiss (U.S.) and ABB Robotics (Swedish-Swiss),
closed U.S. manufacturing facilities. Most of the large end-user
firms also exited the business. Import penetration expanded
rapidly during this period. Foreign concerns interested in
participating in the U.S. robot market targeted a particular
niche, underpriced the domestic producers and drove them out of
the market. Many U.S. robot producers, facing this intense
import competition, looked offshore for lower-cost components or
complete robot suppliers. Numerous joint ventures and sales
agreementsa were established during this period as well.

In the early 1980s, GM, by far the largest robot user in America,
became impatient with the slow pace of robot development in the
United states. In 1982, after exploring a possible partnership
with several U.S. robot manufacturers, including Unimation®, GM
finally entered into a joint venture with Fanuc -- a major
Japanese robot producer. This particular joint venture, GMFanuc,
largely removed GM from the open market, materially impacting
many independent U.S. producers that lost the GM business, such
as Unimation and Cincinnati Milacron. GMFanuc now leads in sales
of robots in the United States, and is the second largest
producer in the world at about $170 million. Almost all of
GMFanuc’s robot production is in Japan. A small amount also
occurs in the United States.

“see Appendix D for examples of cooperative agreements.

‘Unimation declined, believing that GM would do better
concentrating on applications development, while buying the
robots it needed from a specialist.
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In 1983, after an intense bidding war with GE, Westinghouse
purchased Unimation for three times its book value.® Believing
the optimistic market projections for robots, Westinghouse hoped
to turn its $107 million investment in Unimation into a billion
dollar company by 1990. It failed, however, to invest the funds
needed in R&D in the correct areas, and over time its sales
dropped along with its market share. Also, within a year, much
of the Unimation’s exceptional engineering staff defected, and
created their own robot company, Adept Technology, Tne.’

Although Westinghouse inherited Unimation’s reputation for the
best controller software in the world, Unimation’s hydraulic
drives turned out to be the incorrect technology for the changing
market. A Westinghouse spokesman noted that the company
continued to promote hydraulics despite the fact that end-users
were rapidly turning to robots with electric drives. In a study
(by Westinghouse), it was shown that hydraulics sold on average
for $48,000, compared to electrics for $70,000. Thus, there was
some justification for Westinghouse’s effort. However, a later
study showed hydraulics cost $12,000 per year to operate, versus
only $6,000 for electrically driven robots. In addition,
hydraulics often leaked, broke down more frequently, and were
less precise than electrics.®

In 1986, Westinghouse came out with a new PUMA model, which was
electrically driven. However, it was too late to recapture its
former customers and lost market share. After suffering a few
years of heavy losses and realizing that it was too far behind in
technology development, Westinghouse sold its Unimation division
in 1988 to Staeubli International AG, a company based in
Switzerland, and the remainder of its factory automation division
to Daimler-Benz of Germany. Staeubli continues to produce the
Unimation line and markets it in the United States through
Westinghouse.

®Wall Street Journal, November 6, 1990, page 1.

"some of the engineering staff that defected from
Westinghouse/Unimation were previously with Stanford’s artificial
intelligence program. Adept Technology is today the fastest
growing and most successful U.S. robot producer.

8wall street Journal, November 6, 1990, page 1
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What proved to be another miscalculation in the development of
the robot business in the United States was the attempt to make
the robot too complex and capable of too many varied tasks before
the technology was ready, thus increasing the likelihood of a
failure. This is exemplified by GE‘s failed attempt to build a
four-armed assembly robot in the 1970s that was too expensive,
and repeatedly broke down.’ The very idea of "“complexity" may be
related to the early misconception that robots were a
"revolutionary," rather than an "evolutionary" process
technology. Further, without a pressing labor shortage in the
United States, robot producers may have believed that a gquantum
leap in productivity was necessary for robots to break onto the
factory floor.

This failure to have robots effectively perform complex tasks
only resulted in discouraged customers. In fact, because of
frequent breakdowns, many robot users found in practice that
robots were often more expensive than a worker’s salary. In
contrast, the Japanese started with a simple robot, capable of a
simple operation, with an incremental increase in productivity.
The Japanese robot has, on averade, 30 percent fewer parts than a
comparable U.S5. model.

In a related issue, U.S. robots were often produced for sale as
stand alone or single units, not as part of an. integrated system
where the productivity gains have been demonstrated to be
greatest. To integrate these robots, the robot users and the
robot industry came to realize that the robot’s control system
needed to be compatible with existing processes on the production
floor. Again, the Japanese robot manufacturers came to this
realization very early in the game and were working closely with
their Japanese customers to make the robots operate effectively.

These events =-- the miscalculations, the high expectations, the
demographics, and the unigque conditions of our national economy -
- have resulted in a domestic market that is today characterized
by a growing reliance on imported technology and foreign-produced
robots. ©ne of the few remaining domestic robot producers,
Cincinnati Milacron, signed a letter of intent in September 1990,
to sell its robot business to ABB Robotics (Swedish-Swiss). ABB,

*Wall Street Journal, November 6, 1990, page 1.
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the world’s largest robot producer with nearly $300 million in
sales worldwide, plans to move the robot production and
technology to Sweden, where it can presumably be done more
efficiently in higher volumes.

Industry Statistics

In 1987, the Bureau of the Census reported 38 "establishments” in
the United States produced robots and/or robot parts as their
primary production.10 These establishments were classified under
the newly created SIC 3569-7. Total shipments from these
establishments were valued at $209.2 million.™"

The industry employed 2,100 people in 1987. About 1,100 of these
were production workers, representing 52.4 percent of the work
force. This is significantly below the percentage for all
manufactures, which in 1987 was 64.7 percent. However, the
robotics industry employs relatively larger numbers of engineers,
service and sales people. It is an advancing technology that
requires educating as well as servicing many customers. In the
proader four digit SIC 3569 (General Machinery), production
workers are more prevalent at 58.2 percent of the work force, and
in the much broader two digit SIC 35 (Capital Goods), even more
so at 61.8 percent.

Y1n 1987, as an extension to the Standard Industrial
Classification (SIC) system of the United States, the Bureau of
the Census established a five digit product class for robots and
robot parts, SIC 3569-7. Classification under this system is
establishment based. Establishments (production plants) are
treated as the basic economic unit, and the primary product
produced at the establishment governs its classification. About
460 four digit industry codes are used to define all
manufacturing plants in the United States, with over 1,300
product class codes, including robots, being more narrowly
defined parts of four digit industries. At the four digit level
industry data on employment, wages, cost of materials, value
added, industry shipments, and new investment is published each
year. At the five digit level of detail, which applies to
robots, information will be published once each five years in the
Census of Manufactures.

11Many of the establishments within SIC 3569-7 sell to each
other, resulting in total shipment values that include a degree
of double counting.
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Value added for the industry came to $115.7 million in 1987.
With large numbers of engineers, service and sales people,
payroll represents more than half the value added at almost 54
percent. This is significantly higher than most other
industries. The average wage for production workers was $12.43
per hour in 1987. This was more than 25 percent higher than all
manufactures nationwide ($9.91). However, since wage rates tend
to reflect local economies, it is difficult to conclude any

substantial differences in skill levels. Average value added per

employee was $55 thousand, and average shipments were $100
thousand the same year.

Production of robots and robot parts can also take place in
establishments where the primary production is something other
than robots or robot parts. Census reported that a total of 65
firms shipped robots or robot parts, many as secondary
production. A tally of all "product" shipments in 1987 totalled
$294.7 million.™

ROBOTICS INDUSTRY STATISTICS, 1987

Number of Establishments 38

All Employees 2.1 thousand
Production Workers 1.1 "
Production Worker Hours 2.1 million
Production Worker Wages $ 26.1 "
Average Hourly Wage $ 12.43

Payroll $ 62.0 million
Value Added $115.7 "
Cost of Materials $°94.,5 "
Value of Shipments $209.2 "
New Investment s 4.9 "

’Under . the SIC system, an important distinction exists
between "industry" shipments and "product" shipments. Industry
shipments include the total shipments from establishments
classified under a particular SIC code. This includes both
primary products produced at the establishment and secondary
products. Product shipments are total shipments of just the
primary products regardless of who produces them. Thus, some
establishments (not classified as robot producers) may produce
robots or robot components as secondary products, which will be
captured as "product shipments" by Census. Product shipments
(even at the five digit level) are published annually.
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ROBOTICS INDUSTRY STATISTICS (continued)

Product Shipments $294.7 million
Number of Firms Reporting
Product Shipments 65

COMPARATIVE RATIOS, 1987

Robotics General Machinery Capital Goods

Key Ratios (SIC 3569-7) {SIC 3569) {SIC35)
Employees per Estab. 55 125 133
Prod.Wkers./All Empl. .524 .582 .618
Cost Mat’ls/Shipments .452 .403 .4587
Payroll/Value Added .536 450 426
Value Added/Shipments .553 .599 .542
Value Added/Prod.Wker. $105 $98 5104
Value Added/Enmpl. $55 §57 $64
Shipments/Prod.Wker. $190 $163 $192
Shipments/Empl. 5100 895 $119

Note: Excludes establishments with fewer than 20 employees.

Source: DOC, Bureau of the Census

Domestic producers of robots today are a mix of U.S. and ijoint
venture groups. Although there are over 100 members in the
Robotic Industries Association, only a handful are actual robot
manufacturers in the United States, with the remainder composed
of distributors, accessory eguipment suppliers, system
integrators and machine vision manufacturers and suppliers. The
robotics industry in the United States also has a large
representation of foreign firms who have set up U.S. operations
to import complete robots or, in some cases, robotic arms from
overseas and then add the end of arm tooling and a control to the
robot. As shown on the following table, a few robotics companies
hold a large part of the U.S. market.

The four companies with a majority of their robot shipments
manufactured in the United States accounted for $101 million (33
percent) of 1988 robot industry sales of $305 million. By 1989,
the share held by these four companies had slipped to 26 percent
($98 million of $370 million total shipments). With the
impending sale and closure of Cincinnati Milacron -~ the largest
company with majority U.S. manufacturing -- such companies will
account for less than one-fifth of U.S. robot sales.
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ROBOT SALES IN THE UNITED STATES, BY COMPANY: 1988-1989
(in millions of dollars)

1988 1989
GMFanuc Robotles ...t iierereonanonanns . 114 148
ABB RobotiCS .vvianvenens e e st as e e et 42 50
*Cincinnati Milacron .eieeveeevirascssosaanss 40 35
KawasaKl ..eeeevessasncsansssosssans Ce e e 19 28
*Adept Technology s i s et s erarar st 24 26
*Graco RODOLICS tivieersescnsansos s e et eane 20 23
CimCOrP +eevenn C et recae i et aean 14 16
Westinghouse ........ ctsasesararacnn RN 15 16
*Prab RObOtICS ..veiiviviveerassnsnses e 17 14
Motoman ..... cersas e araarrrans fe e A e NA 14

*Majority of robot shipments manufactured in the United States

Source: Metalworkindg News, June 4, 1990

The Robotic Industries Association publishes quarterly
information on robot order backlogs and shipments by the
Association’s membership. This data includes both domestic and
foreign produced robots (and robot parts), and is more an
indication of U.S. consumption trends than domestic shipments.
The data presented below compares various statistics at the
beginning and end of the third calendar gquarter for 1989 and
1990,

ROBOTICS ORDER BACKLOG
END OF THIRD QUARTER, 1989 AND 1990

1989 1990

Units SMillions Units SMillions

Unfilled Orders End 2nd Qtr. 2,459 $266.3 2,472 5291.1
2nd Qtr. Activity

Gross New Orders 672 81.2 1,236 147.1
Cancellations 22 1.2 4 1.4
Net New Orders 650 80.0 1,232 145.7
Shipments 1,110 110.4 1,108 122.7
Unfilled Orders End 3rd Qtr. 1,999 $235.9 2,596 $314.1

Source: Robotic Industries Association
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New orders during the third quarter of 1990 rose very
dramatically to 1,232 units, valued at $145.7 million, from 650
units, valued at $80 million in 1989. The order backlog
increased by one-third from $235.9 million at the end of the
third guarter 1989, to $314.1 million in 1990. The year’s
performance was dampened by the economic slowdown and a downward
adjustment to the capital spending plans of the auto industry.

Company Profiles

ABB Roboties Inc. (ABB) is one of 50 business areas of the
Swedish-Swiss ASEA Brown Boveri Company (1989 sales totalled over
$20 billion). 1In 1989, ABB achieved a robotic sales turnover of
about $300 million, and it is by a wide margin the largest
robotics firm in the business. The next largest are GMFanuc with
$170 million and Matsushita with $150 million. ABB has
manufacturing facilities in Sweden, Switzerland and Norway, and
until 1986, in the United States. .In addition, it has systems
companies in the UK, Germany, Sweden and the United States. The
U.S. facility markets and sells the finished products from
overseas. ABB is the second largest supplier of robots to the
United States, behind GMFanuc. With the recent acquisition of
Cincinnati Milacron’s robot operation, ABB will increase its
share of the U.S. market to about 20 percent. The cempany also
has over 30 percent of the European robot market and is making
progress in penetrating the Japanese market. The firm regularly
invests 10 percent of its turnover in R&D. In absolute dollars,
this amount is almost two-and-a-half times as much as the total
reported by U.S. industry. ABB manufactures seven different
painting and coating robots in addition to a line of material
handling and sealing robots and, with the purchase of Cincinnati
Milacron, welding robots. ABB also produces software for use in
programming its robot-based systems.

Adept Technology Inc., of San Jose, California, was founded in
1983 as a spinoff of Unimation by two pioneers in the robotic
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industry, Brian Carlisle and Bruce Shimano, who helped develop
the first assembly robot. Adept’s growth has been explosive and
internally generated, rising from almost nothing in 1983, to over
$30 million in 1989. Adept is a leading producer of assembly
robots and has been one of the few successful U.S. robot
manufacturers.

The company designs, manufactures, and markets integrated
flexible automation products for the device-level factory
automation market. Its main products include industrial robots,
machine vision systems, automation software and controls. The
equipment is used in a variety of applications, including
electronic and mechanical assembly, machine loading and
unloading, material handling, inspection and testing, and
packaging. Advanced controls and software are the core of
Adept’s success and its large R&D effort will be key to its
continued success. Adept recently introduced what they call the
world’s most accurate robot. The UltraOne assembly robot has an
accuracy within 0.0002 inch.

Exports currently account for 25 percent of the company’s
business and Adept is increasing its sales to Southeast Asia
through partnerships with integrators and manufacturers. Adept
robots are currently sold under license by Kawasaki Heavy
Industries in Japan.

Cincinnati Milacron, Inc., Industrial Robot Division (CM), signed
a letter of intent in September 1990, to sell its robot business
in Greenwood, South Carolina, to ABB Robotics, Inc. CM entered
robotics in 1977, with a wide range of robots, when the industry
looked poised to expand into many areas of manufacturing. In
recent years, however, CM decreased the size of its robotics
"operations as the firm lost sales to the automotive industry and
eventually decided that it was not a profitable part of its
overall operation. CM’s strategy was to provide a full line of
robots and compete in the high volume end of the market; however,
it was unable to compete in the automotive sector with lower-
priced robots produced by GMFanuc or imported from Japan. The
sale of Cincinnati Milacron’s robot division marks the exit of
what was in 1989 the leading U.S. producer of robots. CM will
continue to focus on systems integration and maintain its machine
tool division.
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DeVilbhiss began producing paint spray guns in 1910 and by the
mid-1920s, had introduced spray painting to the automotive
industry. 1Its specialty lies in automated spray finishing
robots. In 1975, the paint spraying robot was introduced to the
U.S. market through an agreement with Trallfa Nils Underhaug A/S
of Norway. DeVilbiss produced robots in the United States until
1986. In April 1990, DeVilbiss was acguired by Illinois Tool
Works.

GMFanuc Robotics is a joint venture between GM and Fanuc Ltd. of
Japan established in June, 1982. With nearly all its robot
production in Japan, GMFanuc has become the leading robot
supplier to the United States, and a major supplier to Europe and
Japan. In 1987, GMF established a joint marketing agreement
involving electric painting robots with the DeVilbiss Company of
Ohio. In 1989, the company had a 43 percent growth in sales,
extending their leadership position in the U.S. robotics
industry. 1In 1985, GMFanuc entered into machine vision with
three different systems and also developed KARELR, a programming
language that integrated various aspects of automation systems
including robots, vision systems and automated guided vehicles.
During that same year, a technology development center was
established in Rochester Hills, Michigan. Also that year, West
German and Canadian subsidiaries were formed. The firm is a
world-class systems integrator, heavily involved in factory
automation. |

Graco Robotics Inc. {GRI) began producing robots in Livonia,
Michigan, in January 1983. GRI offers five models of paint
finishing robots, and after a merger with Graco Automatic
Finishing systems, provides complete finishing systems including
paint circulating systems and spray attachments for robots. 1In
addition, GRI produces a paint recovery chamber. Approximately
60 percent of Graco’s business is derived from the automotive
industry, with GRI being the largest U.S. supplier to the
Chrysler Corporation and Ford Motor Company.

Intelledex Inc. is a privately held company, founded in 1981 by a
group of engineers and managers from Hewlett-Packard. The
company is located in Corvallis, Oregon, with offices across the
United States and in Belgium. Intelledex designs and
manufactures six different light assembly robots and three
machine vision systems for a range of precision assembly,
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material handling applications and part inspection tasks. A
separate division, Automation Technology, develops custom
automation systems for clean rooms in the electronics and
semiconductor industries.

Kawasaki Heavy Industries (USA) Inc. is a wholly-owned subsidiary
of Kawasaki Heavy Industries (KHI) in Japan. In 1968, KHI
entered into robotics through a licensing agreement with
Unimation which allowed KHI to manufacture and distribute
Unimation Robots to East Asian markets. By 1981, KHI had
developed its first robot and by 1983 had developed its own line
of electric robots for heavy material handling and painting
applications. These were marketed in the United States through
an Original Equipment Manufacturing agreement with Westinghouse-
Unimation. Since 1985, KHI has manufactured and sold the Adept
Technology robot in Japan under license.

In 1986, the KHI-Westinghouse agreement was mutually terminated
and KHI established its own sales and support organization in
Detroit. This organization offers training, documentation,
application, controls, project engineering, and after sales
service and support to its North American customers. Kawasaki
Robotics is planting itself in the U.S. market and introduced
five new models of robots at the recent trade show in Detroit.

Motoman Inc. is a joint venture company formed by Hobart Brothers
of Troy, Ohic, and Yaskawa Electric America of Northbrook,
Illinois, in June 1989. The company draws upon various sources
for application expertise including Hobart Brothers for robotic
arc welding; Yaskawa Electric for industrial robots and
application technology; Torsteknik as a European automotive
systems integrator; and Multicon as a diverse application systems
integrator. Motoman imports robots and adds welding equipment in
the United States, providing various arc and spot welding,
robotic painting, material handling, assembly, gluing/sealing,
deburring and machine vision products.

Prior to the joint venture, Yaskawa’s only penetration into the
U.S market was in arc welding arms sold as part of Motoman

machines.

Nachi Robotic Systems Inc. (NRS) located in Farmington Hills,
Michigan, is the U.S. headquarters for the Robotic Systems
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division of Nachi-Fujikoshi. NRS was established in February,
1989, to provide a central organization for the sales, service
and systems applications of Nachi robots in North America. Nachi
offers a complete line of industrial robots for a variety of
applications including: spot and arc welding, painting,
deburring, sealing, material handling and assembly. The robots
are imported directly from the Japanese production facility in
Toyoma, Japan.

Prab Robotics Ine., of Kalamazoo, Michigan, was founded in 1950
as Prab Conveyors, and first developed an industrial robot
operation in 1968. In 1979, the company expanded with the
purchase of the Versatran robot line from AMF. The firm was
reorganized in 1981 as Prab Robots, Inc. and went public later
that year. That same year, Prab expanded into an international
operation with licensing agreements with Can-Eng Manufacturing
Ltd. of Canada and Murata Machinery of Japan.

In 1982, the company expanded its efforts into robot systems and
today more than 80 percent of Prab’s revenue is from automation
systems. In the late 1980s, Prab acquired a license from
Westinghouse to manufacture and remanufacture the Unimate
hydraulic robot line. In addition, Prab has opened a European
division to market the Unimate and Prab series of robots.

Westinghouse Electric Corp. has the sole U.S. distribution rights
for Unimation products. This arrangement is the only link
remaining between the two firms since the sale of Unimation by
Westinghouse. This arrangement runs for four years from

January 1, 1989.

Production Capabilities

Robotic production capacity is difficult to guantify with any
accuracy. It can be likened to assembly of customized machine
tools, with final assembly firms involved in component or parts
manufacture to varying degrees. There is little actual factory
integration. The process is highly dependent on outside vendors
for components. Production is generally confined to small
numbers of robots with a relatively high engineering content.
Much of the work in the United States consists of adding parts to

34

T

T TR e




imported robotic arms, as these are made cheaply in high volume
abroad, notably in Japan. For 1989, surveyed companies reported
their capacity to produce complete robots at $189.3 million, and
capacity utilization at 54 percent. Capacity will decline
significantly from this total with the exit of Cincinnati
Milacron from the business.

Production in the United States during 1989 was mostly assembly,
painting and spot welding robots. The least activity was found
in the area of machining type robots. Capacity utilization
ranged from as little as 20 percent for one firm, to 100 percent
for another.

The data provided by the companies indicates that during times of
surge or mobilization under a national security emergency,
expansion of production would be possible assuming the
availability of a substantial number of imported parts and
components. Companies reported that the average times necessary
to double monthly unit production rates ranged from one to five
months, with the major constraint being reliance on foreign
suppliers for major components, and parts such as bearings.

Other constraints cited include domestic vendor supplies and
skilled labor.

The market share reportedly held by the surveyed companies for
various types of robots ranged from 1 percent up to 44 percent.
Most U.S. companies hold only a minor portion of their respective
markets for a particular type of robot. The share of the U.S.
market held by imported robots (as estimated by the companies)
ranged from only 2 percent for one particular product line, to 95
percent. The highest import levels were attributed to arc
welding and gluing and sealing robots.

Foreign Sourcing

As repeatedly noted, foreign sourcing has become very prevalent
in the robotics industry. 8ix out of seven U.S. manufacturers
surveyed import some percentage of the parts and components
necessary for robot assembly or production. Foreign sources
accounted for an estimated $15.2 million worth of parts and
components in 1989.
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Many reasons were cited for foreign sourcing. Some necessary
parts are reportedly not available domestically. In other
instances, lower cost, design or performance considerations
caused manufacturers to look overseas. Service does not seem to
be a problem for domestic suppliers as neither delivery time nor
maintenance appeared as a reason for foreign sourcing.

Bearings were the parts most often imported, fregquently due to a
lack of an acceptable U.S. supply. Motors, ball screws and other
components were also obtained from abroad. Japan was by far the
leading foreign supplier. Germany, France, Norway and Sweden
also supplied significant amounts of various items. Imported
whole component systems, such as manipulators, power supplies or
control systems, may be assembled domestically, along with
accessories and peripherals.

Manufacturers may import whole robots in addition to parts and
components. Usually, this is done to round out product offerings
and build market share. A total of $42.3 million complete robots
were imported by the surveyed companies. In these cases, it is
not clear what, if any, value is added in the United States.
However, each company reporting counted these as U.S.-
manufactured shipments.
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RECENT INDUSTRY PERFORMANCE

Overview

Since 1984, imports of robots (and robot parts) have made
significant inrocads into the U.S domestic market, while at the
same time, overall domestic consumption and the domestic robot
industry have actually declined. Apparent consumption of robots
fell from $308.3 million" in 1984, to less than $289.4 million
in 1989, a 6 percent decline. In what has been a very volatile
market, consumption peaked at over $400 million in 1985 and 1986,
and reached its lowest level at $278.8 million in 1988.

U.S. manufactured robot shipments during this period fell almost
33 percent from $222.2 million in 1984, to less than $150.6
million in 1989. Imports expanded dramatically over the same
time frame from $88.4 to $181.4 million, for a gain of more than
105 percent. Import penetration (imports as a percent of
apparent consumption) also grew steadily during this period from
28.7 percent in 1984, to 62.7 percent in 1989. It will be shown
below that actual import penetration is higher.

ROBOT SHIPMENTS, IMPORTS AND EXPORTS, 1984-1989
(in millions of dollars)

1984 1985 1986 1987 1988 1989
U.S. Shipments  222.2 272.9 271.6 211.2 154.8  150.6
Imports 88.4 129.8 139.0 160.9 145.3 181.4
Exporte'’ 2.6 2.6 9.9 13.8 21.3 42.6
App. Consumption 308.0 400.1 400.7 357.6 278.8 289.4
$ Imports 28.7 32.4 34.7 45.0 52.1 62.7

Source: DOC, Bureau of the Census

Beurrent dollars are used throughout this section.

14Exports for the years 1985-1988 were taken directly from
the totals of the OIRA industry survey. Although the surveyed
companies did not represent total shipments, especially in the
earlier years, industry sources indicated they account for the
majority of exports during that period. The 1984 export amount,
a yvear not included in the survey, was assumed to be the same as
1985’s amount. The 1989 figure is taken from the Bureau of the
Census, and is the first year such figures were available.
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FIGURE 1- ROBOTIC TRADE PATI'ERNS
1984-1989
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As noted above, the 62.7 percent import penetration level shown
for 1989 is actually understated. About 30.5 percent of U.S.
shipments were reported by surveyed companies as reshipments of
"imported complete robots", resulting in double counting. It is
unclear what value is added in the United States, or what the
mark-up is on these robots. However, taking them at face value,
a 30.5 percent reduction in 1989 U.S. shipments (equal to $45.9
million) would leave $104.7 million in U.S. mahufactured
shipments, and reduce apparent consumption by an equal decllar
amount to $243.5 million. This means that the actual import
penetration level for complete robots is 74.5 percent
(181.4/243.5).
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Additionally, the surveyed companies reported that imported
components and parts made up 15.8 percent of the value of their
U.8. complete robot shipments. Again, the mark-up on these
components is not known. If $16.5 million (15.8 percent of
104.7) is added to imports and taken away from shipments, the
foreign content of U.S. apparent consumption rises to 81.3
percent [(181.4+16.5}/243.5].

The same trends demonstrated for robots in dollar terms apply to
robots in unit terms. Import penetration levels are higher,
however, reflecting the lower average prices of imported robots.
Import penetration levels rose from 51.2 percent in 1981 to 81
percent (preliminary estimate) in 1989,"

ROBOT SHIPMENTS, IMPORTS AND EXPORTS, 1984-1989
(in number of robots)

U.S. Apparent Inport
Year Shipments Exports Imports Consumption Penetration
1984 3,246 na 3,411 6,657 51.2%
1985 3,474 na 4,461 7,935 6.2
1986 3,616 na 3,907 7,523 51.9
1987 2,782 na 5,473 8,255 66.3
1988 2,408 na 3,989 6,397 62.4
1989 2,217 747 6,278 7,748 81.0

Source: DOC, Bureau of the Census

Information Sources

Much of the statistical information in this section on shipments,
imports and exports was drawn from publicly available documents
published by the Department of Commerce’s Bureau of the Census.
Census began collecting robot and robot component statistics in
1984, and publishes the information annually in a Current

“The imported units for 1989 were estimated using the
average prices (per country of origin) calculated for 1988
imports. In the transition to the Harmonized Tariff Schedule,
unit imports were very much overstated at over 25,000 units. The
detailed documentation is being reexamined by Census officials to
determine the cause of the problem.
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Industrial Report (MA35X), Industrial Robots. The most recent
publication covers 1989 shipments.16

Also in 1984, imports of robots were first classified as a
distinct product under the Tariff Schedule of the United States
(TSUS). Between 1984 and 1988, three TSUS commodity code numbers
were used to record robot import statistics. Their numbers and
tariff rates were as follows:

Commodity Code Description A Tariff Rate (%)
664,1005 Industrial Robots, Lifting 2.4
678.5086 Industrial Robots, NSPF 3.9
683.9005 Industrial Robots, Welding 2.3

Since January 1, 1989, trade data has been collected under the
Harmonized Tariff Schedule (HS), a system which the United States
implemented to provide better statistical comparability with our
major trading partners. Further, with the adoption of HS,
imports and exports now use the same classification system.

Thus, beginning in 1989, robot export statistics have also become
available. The three HS commodity code numbers and their tariff
rates are as follows:

commodity Code Degcription Tariff Rate (%)
8428.90.0010 Industrial Robots, Lifting, 2.0

Hand, Load, or Unload

8479.89.9040 Industrial Robots, 3.7
Multiple Uses

8479,90.8040 Parts For Industrial Robots 3.7

The product descriptions of the HS system differ from those of
the previous schedule, making direct comparability with pre-1989
data difficult. Also, the transition to the HS system has

"“This report is being discontinued as not enough
information to justify collection is available. The 1989 report
will be the last one unless the product category is expanded or
broadened, perhaps to include automated systems.

Y"NsPF stands for "not specifically provided for."
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presented a number of problems that may lead to data revisions,
as misclassifications or data entry errors are discovered under
closer scrutiny. Thus, the 1989 and 1990 import (and export)
statistics should be viewed as preliminary.

In addition to publicly available information, extensive use was
made of company responses to the robot industry survey
distributed by OIRA to collect information from U,.S. robot
producers. The survey included questions covering the period
1985 to 1989 on shipments, exports, profitability, investment,
employment, and R&D expenditures, all of which comprise
subsections to this section. A copy of the survey instrument is
attached as Appendix A.

Although nine major robot producers were surveyed, the robot
industry has very few actual producers of complete robots. In
fact, only seven firms provided the bulk of the information that
makes up this section. A comparison of these seven surveyed
firms’ shipments with Bureau of the Census robot shipment data
indicates the seven surveyed firms constituted slightly over 92
percent of total U.S. shipments of complete robots in 1989. A
survey response was not received from Westinghouse (Unimation),
which stopped manufacturing robots in the United States in 1988,
or from several other producers that left the business prior to
1989. Thus, available data is not as complete for 1985-1988 as
it is for 1989.

SHIPMENTS, IMPORTS, AND EXPORTS

U.S8. ROBOT SHIPMENTS - U.S. shipments of industrial robots ranged
from a high of $273 million in 1985 to a low of $151 million in
1989, almost a 45 percent decline over the period. Servo
controlled robots, which accounted for over 90 percent of these
shipments, fell from $255 million to $136 million, down 47
percent. Point-to-point controlled welding robots peaked at $86
million in 1986, before sliding sharply to only $29 million in
1989. Continuous-path controlled welding robots fell almost 920
percent, from $22 million to only $2 million over the same
period. This drop was connected to major declines in automotive
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related business, much of which shifted to foreign suppliers.
Shipments of spray painting robots, although hidden in the
statistics, also fell sharply for the same reasons. Nonservo
controlled robots fell just over 17 percent, from $18 million to
$15 million.

Robot components and parts shipments rose from $70 million in
1985 to $105 million in 1989, a 52 percent increase. Sensors
rose from $18 million to $20 million over the same period, a 15
percent expansion. End of arm tooling rose from $3.7 million in
1985 to over $8 million in 1986, and then fell to $3.4 million in
1989. Other parts and accessories, not specified by kind, rose
from $43 million to $73 million between 1985 and 1989, an
increase of almost 70 percent.

ROBOT INDUSTRY SHIPMENTS, 1985-1289
(in thousands of dollars)

1285 1986 1987 1988 1989

Servo Controlled

Point-to-Point
Welding 74,646 86,047 64,598 32,301 29,314
Assembly 17,761 19,091 19,573 7,984 8,091
All Other 49,393 52,002 51,726 30,202 35,3563

Continuous~Path
Welding 22,352 13,768 9,020 3,694 2,249
Coating/Sealing 41,416 36,864 41,348 30,128 35,111
All Other 49,358 48,104 16,755 33,384 25,567
Nonservo Robots 18,015 15,691 8,153 17,077 14,872

Complete Robots $272,941 $271,567 $211,173 $154,770 $150,557
Robots Parts 69,518 71,383 64,592 73,876 105,413

Source: DOC, Bureau of the Census

Shipments of robots in unit terms generally followed the same
trends as shipments shown in dollar value. The declines in units
were steeper in many cases as U.S. firms retreated from the
higher volume robot business, which is mostly automotive.
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ROBOT INDUSTRY SHIPMENTS, 1985-1989
(in number of robots by type)

1985 1986 1987 1988 1989

Servo Controlled
Point-to-Point
Welding 839 969 675 304 273 i
Assembly 547 443 535 296 238 i
All Other 528 804 644 ' 278 196 F
Continuous-Path
Welding 287 198 110 79 31
Coating/Sealing 339 296 297 292 25h4
All Other 438 455 306 823 848

Nonservo Robots _ 496 451 215 336 377

Complete Robots 3,474 3,616 2,782 2,408 2,217

Source: DOC, Bureau of the Census

The average price level for U.S. shipments of robots fell almost
14 percent, from $78 thousand in 1985 to $68 thousand in 1989.
Servo controlled robot prices fell about the same percentage from
$86 thousand to $74 thousand over the period. The decline in
robot prices is partly explained by a larger number of smaller
assembly type robots in the total. Displacement of U.S. robot
producers from the automotive sector and an increased focus on
lower volume custom markets -- robots with a greater engineering
content -- caused an increase in average welding robot prices.
Point-to-point welding robot prices rose nearly 21 percent.
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AVERAGE U.S. SHIPMENT PRICES BY ROBOT TYPE, 1985-198%
(in thousands of dollars) :

1985 1986 1987 1988 1989

Servo Controlled

Point-to-Point
Welding 89 89 96 106 107
Assembly 32 43 37 27 34
All Other 24 65 80 109 180

Continuous-Path
Welding 78 70 82 . 47 73
Coating/Sealing 122 125 139 103 138
All Other 113 106 55 41 30
Nonservo Robots 36 35 38 51 39

Source: DOC, Bureau of the Census

IMPORTS - Between 1984 and 1989, imports of robots increased from
$88.4 million to $181.4 million. Most of the growth in imports
came from Japan, as imports from that country increased from
$68.0 million in 1984, to $138.8 million in 1989. Japan had more
than a 76 percent share of the import market in both these years.
The expansion in imports is now feeding, if not enabling, the
accelerating growth of the American market for robots, and can be
expected to continue. Most of the Japanese imports come from
GMFanuc, Kawasaki, Nachi, Matsushita (Panasonic) and Yaskawa.

GMFanuc sells mainly to GM as part of their joint venture
agreement. However, the firm also has marketing agreements with
DeVilbiss to sell paint spray robots; with Niko and Bleichert to
sell GMF gantry robots (robots that move on tracks, usually
overhead); and with about 13 full service distributors to sell
GMF robots. TFurther, Kawasaki opened an office in Detroit, and
Nachi established itself in Farmington Hills, Michigan, in both
instances to market Japanese built robots. Prior to its sale to
ABB Robotics, Cincinnati Milacron entered into a sales agreement
with Panasonic to market a line of small welding robots beginning
in 1990. And in 1989, the Hobart Brothers Company set up a Jjoint
venture in Troy, Ohio, with Yaskawa Electric to market Japanese
made welding robots. Japanese suppliers now supply almost all of
the American auto market, and are making strides into many other
markets.
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IMPORTS OF ROBOTS BY COUNTRY, 1984-1989
(in thousands of dollars, Customs Value)

1984 1985 1986 1987 1988 1989
JAPAN 67,952 89,039 85,759 114,396 94,857 138,814
WEST GERMANY 12,975 19,271 21,569 19,554 18,758 9,338
SWEDEN 1,640 4,823 741 7,800 14,129 9,127
CANADA 1,341 2,513 5,018 3,852 6,507 8,908
SWITZERLAND 1,078 1,227 1,811 862 1,253 4,462
UNITED KINGDOM 391 2,933 4,841 4,699 1,794 3,308
FRANCE 1,197 1,190 1,589 844 2,887 1,530
ITALY 385 6,211 14,105 6,578 1,014 1,462
ISRAEL 0 154 257 268 1,132 782
ALL OTHERS 1,428 2,441 3,344 2,083 2,928 3,663
WORLD TOTAL 88,387 129,802 139,034 160,936 145,259 181,392

Source: USDOC, Bureau of the Census

IMPORTS OF ROBOTS BY COUNTRY, 1984-1989
(in Units imported)

1984 1985 1986 1987 1988 1989
JAPAN 2,800 3,427 2,901 4,520 2,947 4,313
SWEDEN 63 215 43 158 277 944
WEST GERMANY 260 346 355 291 262 130
CANADA 27 43 63 101 115 157
SWITZERLAND 16 34 31 21 30 107
UNITED KINGDOM 46 118 183 174 157 289
FRANCE : 21 64 63 38 33 17
ITALY 10 103 145 34 is 26
ISRAEL 0 6 7 4 6 3
ALL OTHERS 168 105 ile 132 144 291
WORLD TOTAL 3,411 4,461 3,907 5,473 3,989 6,278

Source: USDOC, Bureau of the Census

In addition to Japan, significant imports are also purchased from
Sweden and Germany. In 1989, these three countries accounted for
almost 87 percent of all robot imports. This was down somewhat
from the 93.5 percent share (of a much smaller dellar amount)
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these countries represented in 1984. Over this time period,
Sweden gained U.S. import share, increasing from 1.9 percent in
1984, to almost 10 percent in 1988, and 5 percent in 1989.
Because of declines in the market, ABB Robotics of Sweden stopped
producing robots in the United States at its New Berlin,
Wisconsin, facility in 1986. A direct result was a precipitous
increase in ABB’s imports from Sweden. With the purchase and
closing of Cincinnati Milacron’s robot facilities in South
Carolina, imports from Sweden should increase further in the
future. Recently, ABB was awarded a large order by GM for
welding robots. Germany lost some market share with its imports
making up only 5.1 percent of total imports in 1989, down from
14.7 percent in 1984.

PERCENT OF IMPORTS, BY COUNTRY (CUSTOMS VALUE)

Year Japan Germany Sweden All Others
1984 76.9 14.7 i.9 6.5
1985 68.6 14.8 3.7 12.9
1986 61.7 156.5 0.5 22.3
1987 71i.1 12.2 4.8 11.9
1988 65.3 12.9 9.7 i2.1
1989 76.5 5.1 5.0 13.4

Source: USDOC, Bureau of the Census

EXPORT SHIPMENTS -~ Based on surveyed company responses, exports
as a percentage of total U.S. shipments rose steadily from 1.4
percent in 1985, to 28.3 percent in 1989. 1In dollaxr value,
exports peaked in 1989 at $41.0 million, up from only $2.6
million in 1985. According to Census data, Canada and Germany
were the two major destinations of export shipments in 1989.
Exports to Canada totalled $9.7 million, and to Germany, §7.5
million. The third major destination was Japan at $3.8 million,
followed closely by Mexico ($3.6 million), and the United Kingdom
($3.5 million).

A breakdown of exports by major robot type, as reported by the
surveyed companies, indicated several trends. The welding sector
suffered a marked decline over the five year period, with the
dollar value of export shipments falling in 1989 to less than
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half the figure in 1985. Assembly robots fared much better, with
the dollar value of exports actually increasing by a substantial
margin over the five year period. Exports of painting robots
also increased dramatically between 1985 and 1989.

FIGURE 2- BILATERAL ROBOTICS TRADE
U.S. SURPLUS (DEFICIT), 1989
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Source; DOC, Bursau Of The Census

BILATERAL TRADE - In 1989, the United States experienced a trade
deficit in robotics of $138.8 million. While imports reached

record levels in 1989 at $181.4 million, exports also attained a
record level at $42.6 million. The overall ratio of imported to

exported robotics was about 4.3, or for every dollar exported,
$4.26 was imported.

In 1989, the robotics trade deficit with Japan was $135 million.
This far exceeded all others, and accounted for over 97 percent
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of the total U.S. deficit in robotics. The United States
imported $138.8 million from Japan, but only exported $3.8
million in return. Stated in another way, for every dollar of
robotics exported to Japan, about $36.40 was imported.

Assuming the Japanese market for robotics was about $2.0 billion
(estimate) in 1989, U.S. producers supplied less than two-tenths
of one percent of the Japanese market. In contrast, the Japanese
supplied almost half the American market (about $300 million).18
A possible explanation for this imbalance may have to do with the
structure of the robot industry in Japan. Unlike the U.S. robot
industry, the Japanese robot industry is characterized by
vertical integration, where large end-user firms (Matsushita,
Kawasaki, Toyota, Yaskawa, etc.,) supply much of their own robot
requirements. The Japanese industry is also much larger, with
more production experience, better overall quality and lower
prices than U.S. producers. The little that is exported to Japan
is due primarily to superior technology.

The deficit with Sweden is the next largest at a comparatively
small $8.8 million, followed by Switzerland at only $3.0 million.
Being a subsidiary of ASEA Brown Boveri (Swedish-Swiss), ABB
Robotics, Inc. has major production facilities in both Sweden and
Switzerland, from which it exports robots to customers in Europe
and the United States. Also, Westinghouse sold Unimation’s
production rights to Staeubli-Unimation in Switzerland in 1988,
but has retained exclusive U.S. distribution rights until the end
of 1992. This has boosted imports from Switzerland. West
Germany’s deficit of $1.8 million is minor. For each dollar of
robotics exported to Germany, about $1.24 was imported. The
scale of robotics trade with our European trading partners is
actually very small. In the future, with EC92 approaching,
trading opportunities should expand. The table that

follows shows the bilateral robotics trade with our major trading
partners.

"®The Japanese may have supplied over half the American
market if imported parts and component systems as well as
complete robots are taken into account.
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COUNTRY

Japan

Sweden
Switzerland
West Germany
Italy

United Kingdom
Canada

France

All Other

World

BILATERAL ROBOTICS TRADE
(in thousands of dollars)

IMPORTS

$138,814
9,127
4,463
9,338
1,462
3,308
8,908
1,530
4,442

$181,392

Source:

EXPORTS

$3,817
287
1,454
7,519
982
3,486
9,685
2,830
12,531

$42,591
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FOREIGN EXCHANGE RATE EFFECTS - The U.S. dollar steadily weakened
against major foreign currencies after 1985, and lost over 40
percent of its value by 1988. However, during this period,
robotic imports increased by almost 12 percent, from $130 to $145
million. This happened while U.S. robot consumption declined
over 30 percent, from over $400 to $279 million. Thus, while
foreign currencies grew stronger, imported robots expanded their
share of the American market from 32 to 52 percent.19

Between 1985 and 1988, robot imports from Japan rose from $89 to
$95 million (up 6.5 percent), as Japan expanded its share of the
U.S. market from 22 to 34 percent. This happened while the
Japanese yen appreciated 86 percent against the dollar. Robot
prices from Japan rose 24 percent in the aggregate. Robot
imports from West Germany, the second largest source, declined
slightly from $19.3 to $18.8 million (down 2.7 percent).

However, the German share of America’s market climbed from 4.8 to
6.7 percent, while the German deutsch mark rose by 68 percent.
Average robot prices from Germany rose 29 percent.

Import information was available for three categories of robots:
lifting, welding, and all other (mostly spray painting). Imports
of these robots from Japan and West Germany, with average prices,
exchange rates and percentage changes shown for 1984 to 1988, are
presented on the table below.

YThe 1989 import data would have been used, except the unit
information is incorrect, and distorts robot prices. For this
analysis, little if anything is lost using the 1988 data.

50

{14 13 R

T o

e NET




EXCHANGE RATE IMPACT ON ROBOCTICS FOR JAPAN AND WEST GERMANY

Percent
Chanage
JAPAN 1985 1986 1987 1988 (85-88)
Quantities TImported
lifting robots 616 526 666 631 2
welding robots 1129 1179 1164 940 (17)
all other robots 1682 1196 2690 1376 (18)
Total 3427 2901 4520 2947 (14)
Prices ($000)
lifting robots $14 13 27 16 14
welding robots $43 44 43 45 5
all other robots 519 22 17 31 63
Total Average $26 30 25 32 24
EXCHANGE RATE
U.S5. cents/100 Yen 42 59 69 78 86
Percent
Change
WEST GERMANY 1985 1986 1987 1588 (85-88)
Quantitieg Imported
lifting robots 17 118 63 85 400
welding robots 242 62 35 20 (92)
all other rokots 87 175 193 157 80
Total 346 355 291 262 (24)
Prices {3$000)
lifting robots $47 44 75 55 17
welding robots 859 83 98 95 61
all other robots $48 64 59 78 63
Total Average 856 61 67 72 29
EXCHANGE RATE
U.8. cents/DM 34 46 K6 57 68

T YT

RLET

T

Source: DOC, Bureau of the Census, International Monetary Fund

The weakened dollar did not affect robotics imports as much as
other competitive factors. Overall average import prices rose
moderately, but failed to rise in conjunction with exchange
rates. The majority of imports are relatively high volume spot
welding and spray painting robots for the auto industry. The
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auto companies have influence over prices from all their
suppliers, and may have been a factor in the import prices’
moderate increase. This was also a time of declining demand in
the United States. Further, it is evident that most imports no
longer compete head-to-head with American made robots, and are
now challenged primarily by other foreign made robots.

The weakened dollar may have helped boost exports. U.S robotics
exports expanded from a tiny base of under $3.0 million in 1985,
to about $21 million in 1988. Most of the exports were to Canada
and Europe, with very little to Japan. Another effect of the
weakened dollar is the enhanced ability of firms located in
strong currency nations, such as Japan and West Germany, to
purchase prime American robotics companies.

Profitability

Robot production in the United States has not been profitable in
recent years. The industry as a whole reported losses four of
the five years from 1985 to 1989. The industry’s only positive
income was in 1986, when it made only $4.3 million (before taxes)
on sales of $185.8 million, a 2.3 percent return. At least half
the firms reported losses each year, except in 1988. One firm
showed losses every year, and another four of the five years.

The profit statements are from the industry survivors. This
picture would be bleaker if Unimation were included, as the
company by some accounts lost over $10 million per year while
under Westinghouse ownership (1983-1988). In light of the mass
exodus from the industry in recent years, others from whom we
have no reports probably also lost money in the business.

The companies report unusually high general, administrative and
selling costs, These costs (plus current depreciation and
amortization of R&D expenditures) are the difference between
operating income and net income (before taxes). These costs have
ranged over 30 percent of sales each year from 1985 to 1989. They
are much higher than the 20 percent rate experienced by the
General Machinery Industry (SIC 3569) in 1989.
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ROBOT INDUSTRY PROFITABILITY, 1985-1989
(in thousands of dollars)

1985 1986 1987 1088 1989
- Net Sales $193,673 $185,814 $125,960 $123,320 $138,694
Cost of Goods
Sold 144,414 123,738 84,783 83,597 98,925
Operating Income 49,259 62,076 41,177 39,723‘ 39,769
Net Income (9,918) 4,282 (98) (2,356) {3,903}
Aftermarket
Revenues 8,044 9,083 8,735 11,209 14,564
Source: OIRA Robot Industry Survey
FIGURE 3- PROFITABILITY, 1985-1989
NET INCOME AS % OF SALES
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A large portion of these costs is for administrative and other
employees, which make up about 50 percent of the work force. 1In
conversations with industry officials, it was discovered that
many of the individuals in this category are actually sales
people attempting to expand business, including some located in
overseas offices. Such a high ratio of "administrative and
other" may be expected for an infant industry, where markets need
development, and in this case, massive doses of customer
education are reguired. However, only one of the surveyed firms
actually expanded sales during this periocd, while each of the
others contracted by varying degrees.

Further, it is evident the companies are not engaged in high
volume production, and capacity utilization has been low. Most
of the firms are now producing customized robots with a very high
engineering content. As survivors of the recent shake-out, these
companies are shipping fewer U.S. produced robots to the U.S.
auto industry and are operating without an important source of
cash flow. '

Production workers were reported as less than 20 percent of the
work force by the surveyed companies. It is readily apparent
such a low percentage of the work force would be hard pressed to
produce a sufficient value of robots to cover overhead and
staffing expenses, and may be a reason for the losses. It is
also possible for companies to move losses from one division to
another, or for transnational firms to move profits to countries
where the tax incidence is least. However, this is difficult to
show, given the available information.

Despite these heavy losses, the surviving firms in the industry
remain solvent. In 1989, total debt in the industry was recorded
at $66.3 million. However, over 80 percent of this debt is
short-term (payable in less than a year), which presumably is
used to finance rather high inventories. It can be discerned
from the surveys that the high inventories are comprised mostly
of imported robots or robot parts. However, the overall
debt/equity ratio of .78 exhibited by the companies is considered
sound. Two firms reported no debt at all.

The current ratio (current assets/current liabilities) for the
group is 1.39 (all manufacturing was about 1.5 in 1989), and
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indicates in general the firms can meet short-term expenses. One
firm reported a current ratio of only .86, which may be a
problem. Ligquidation value, measured by total assets over total
liabilities, stood at 1.70, which is also good. One firm, the
same firm that reported the low current ratio, also registered
below 1.0 for this measure.

The inventory turnover rate for the industry was 2.8 times. This
could be improved, although it is another indication of a
reliance on imported robots and robot components, which tend to
inflate inventories (the denominator in this equation). Also, in
1989 the industry operated at a low rate of capacity utilization,
reflecting low sales. The highest recorded inventory turnover
rate was 3.7, followed by 3.0 times -- recorded. by the two most
profitable firms.?

ROBOTICS INDUSTRY FINANCIAL STATUS, 1889

BALANCE SHEET ITEM SUMMARY FINANCIAL RATIOS
: ($000s)
Agsets
Current Current
Cash and Eqguivalents 4,040 Ratio: 1.39
Accounts Receivable 77,207
Inventories 65,980 Debt to
Other 4,702 Equity: .779
Total Current 151,929
Inventory
Property, Plant & Egnmt. Turnover: 2.8

(book wvalue)

Land and Buildings 47,414 Assets to
Machinery and Egmt. 24,613 Liab.’s: 1.7
Allowences for
Depreciation (25,705)
Other 8,053
Total Assets 206,304
Liabilities
Current
Accounts Payable 28,874

®The 1989 final inventory turnover figure for all
manufacturing was 6.9; for durables manufactures, 5.6; for the
Ccapital Goods industry (SIC 35), 5.5; and for machine tools, 3.4.
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ROBOTICS INDUSTRY FINANCIAL STATUS (continued)

Short-Term Debt 54,875
Current Portion of
Long-Term Debt 200
Other 25,648
Total Current 109,597
Long-Term Debt 11,250
Other 301
Total Liabilities 121,148
Equity 85,156

Source: OIRA Robot Industry Survey

The poor income performance the companies reported for their
manufacturing operations was offset somewhat by aftermarket
revenues, which increased over the period, although this was
primarily for two companies. As the installed robot population
continues to increase, aftermarket revenues should increase
further as the demand for repairs, rebuilds and servicing
increases, and a small secondhand robot market develops.

Empioyment

Based on the OIRA industry survey, total employment in the robot
industry fell 6.8 percent -~ from 1,440 people in 1985, to 1,345
in 1989. Employment reached its lowest level of 1,228 in 1987,
which coincided with the industry’s lowest level in shipments.
Within occupation groupings, the largest employment drop over the
period occurred among administrative and other types, which
declined 16.4 percent. Production workers fell 11.8 percent,
while engineers actually increased 19.3 percent. The following
table shows the yearly changes in employment by occupation
category.
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ROBOT INDUSTRY EMPLOYMENT BY OCCUPATION, 1985-1989
(in number of employees)

Occupation 1985 1986 1987 1988 1989
Engineers 358 416 368 369 427
Production Workers 287 241 236 257 253
Admin. and Others 755 703 624 605 665

Total 1,440 1,360 1,228 1,231 1,345

Sales per
Employee ($000s) 134 137 103 100 103

Source: OIRA Robot Industry Survey

FIGURE 4- EMPLOYMENT BY OCCUPATION
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The decline in the number of robot production workers is not a
good sign for the manufacture of robots in the United States.
only two companies increased the number of production workers,
and one of these by a marginal amount over the 1985 to 1989
period. Among the surveyed companies, production workers
represent a relatively minor share of total employment. This is
indicative of the little manufacturing that actually takes place
in the United States. In 1989, the proportion of production
workers to total employment was only 18.8 percent, down from 19.9
percent in 1985.°" For individual companies, this measure ranged
from a low of only 5.7 percent to a high of 44.2 percent.
Companies that manufactured predominantly in the United States
had a higher percentage of production workers.

Engineers increased both as a percentage and in absolute numbers
in the work force between 1985 and 1989. In 1984, engineers made
up about 25 percent of the work force; in 1989, almost 32
percent. However, only two companies are responsible for the
entire increase in engineers, as each of the others showed
declines. Some of the engineers may actually be performing
production jobs as well. There has also been a migration toward
systems integration, which requires more engineering input.

The companies showed a decline in worker productivity. Sales per
employee declined from a high of $138 thousand in 1986, to

$98 thousand in 1987 and 1988, and then up slightly to $103
thousand in 1989. Only one firm actually showed improvement in
this measure. Sales per employee is very sensitive to changes in
capacity utilization, which was low at 54 percent in 1989, It
was probably even lower in the two prior years. The lower
productivity may also be an indication of hoarding labor.

Persons previously trained in certain skills by the company may
be expensive to replace. The companies may be waiting for the
market to pick up, at which time the costs and time of training
will not have to be incurred again. It may also be that
qualified candidates are becoming difficult to find.

21Employment data is drawn from U.S. manufacturers of
complete robots rather than robot "establishments" as defined by
the Bureau of Census; the latter also includes producers of robot
parts and components.
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Investment

Investment by the surveyed companies has been inadequate to
maintain robot production capacity in the United States, Total
investment peaked in 1986, at $22 million, falling to only $4.1
million in 1988, and then $6.5 million in 1989. During the first
three years of the period, one company was responsible for over
80 percent of total investment. However, more than three
guarters of this firm’s investment was in buildings. As a
percent of net sales, investment was highest in 1987, at 12
percent, and lowest at 3.3 percent in 1988. The earlier year’s
percentages were, of course, inflated by the outlays of one firm.

ROBOT INDUSTRY INVESTMENT, 1985-198%
(in thousands of dollars)

Category 1985 1986 1987 1988 1989
Plant $5,072 15,344 11,473 502 3,044
New Mach./Egmt. 9,666 6,703 3,647 3,622 3,461

Total 14,738 22,047 15,120 4,124 6,505
% of Net Sales 7.61 11.87 12.00 3.34 4.69

% New Mach./Eqgmt.
of Net Sales 4.99 3.61 2.90 2.94 2.50

Source: OIRA Robot Industry Survey

Investment by individual firms varies a great deal. One firm
never invested more than 3.0 percent of sales, and for the
period, averaged only 1.0 percent. Another firm, more successful
in both sales and profits, never invested less than 5.5 percent
of sales, and averaged almost 7.7 percent. However, the
remaining firms exhibited more volatility in their investment
expenditures, although one of them reported four years below 3.0
percent, and another, three vyears less than 1.0 percent.
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FIGURE 5-INVESTMENT IN PLANT & EQUIP.
1985-1989
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Source: OIRA Robot Industry Survey

The one consistently high percentage investor among the surveyed
robot companies is aggressively developing applications and
markets for its robot products all over the world, although
mostly in the United States. Also, the firm is not dependent on
the automotive industry for sales, as some of the others were, so
its investment did not decrease in proportion to the steep
declines in motor vehicle orders after 1986. So much of the auto
robot business has now gone offshore, it is doubtful remaining
American firms in this sector of the business can long survive.
At this stage, according to industry sources, capital investment
(and R&D) should be heavily focused on developing applications in
a wider cross section of industries.
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Research and Development (R&D)

Research and development (R&D) expenditures by the robot
manufacturing industry are almost totally dedicated to improving
the capability and productivity of the robot on the production
floor. While Government funded robot research projects are
important in their own right, and invariably advance areas of the
technology that may ultimately be useful in manufacturing, they
are seldom directly related to enhancing the productivity and
competitiveness of U.S. manufacturing. In the absence of a
thriving U.S. robotics industry, the United States is at a
distinct disadvantage compared to some foreign nations. Not only
do these nations have thriving robotics industries, their
industries enjoy government support. We estimate the U.S. share
of commercially related robotics R&D funding is less than 5
percent of the world total.

U.S. industry significantly lags behind the Japanese industry in
the industrial application of flexible factory automation,
robotics and control devices. The United States is still in the
forefront of basic technology such as software development,
tactile sensors and vision systems, but is lagging in the simple
hardware components of robots.

The United States may still be slightly ahead of many of its
European competitors in industrial robot technology, but this
lead isg diminishing as the Europeans continually outspend the
United States in R&D projects devoted to key areas such as
industrial controls and flexible automation =-- technologies that
have become essential to international competitiveness.

From 1985 to 1989, R&D expenditures by U.S. robot producers
averaged just over 9 percent of sales, about 2.7 times greater
than the average for all manufacturing. R&D expenditures by the
companies have been maintained at a high level despite a decline
in sales, negative cash flow, and rising levels of imports. All
companies responding to the survey reported high rates of R&D
spending, although some were consistently higher than others. 1In
19892, the three largest companies accounted for almost 82 percent
of the R&D expenditures. R&D attained its highest level in 1986,
when $17.4 million was spent.
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Source of Funding

In~House
Government

22

Customer
Joint Venture

Total

INDUSTRY REPCRTED R&D EXPENDITURES, 1985-1989

(in thousands of dollars)

1885 1986 1987 1988 1989

$11,358 $16,399 $13,921 $10,965 $12,705

o 0 0 0 0

60 50 0 68 70

1,637 910 523 550 347

$13,055  $17,359  $14,444  $11,583  $13,122

6.74 9.34 11.47 9.39 9.46

% R&D to Sales

percent

12-

10+

Source:

OIRA Robot Industry Survey

FIGURE 6- RESEARCH & DEVELOPMENT FUNDS

AS % OF SALES, 1985-1989
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2Funded by the robotics company from internal sources.
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By far, the major source of funding for R&D has been in-house. In
1989, this amounted to approximately 97 percent of the $13.1
million in total R&D funds for the surveyed companies. Another
source for funding came from various joint venture arrangements
which ranged from a high of $1.6 million in 1985, to a low of
only $347 thousand in 1989. Only one instance was cited in which
R&D was funded by the end-user. This may indicate the domestic
robotics industry is unable to meet the requirements of major
end-users. Many of America’s largest original equipment
manufacturers, such as Caterpiller, IBM, GE and GM have turned to
foreign firms in order to develop robot solutions.

All of the reported R&D funding came from private sources. This
is gquite a contrast to Japan and Europe where the governments
have provided financial incentives to both the manufacturers of
robots and their users for installing robots in their facilities.

FIGURE 7- MAJOR AREAS OF R&D, 1989
(TOTAL EXPENDITURES, 13.1 MIL.)
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Source: QIRA Rabot Industry Survey
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Most U.S. manufacturers concentrate their R&D spending on
software engineering and manipulators. The companies surveyed
spent nearly $7.7 million on R&D in these two areas in 1989, over
50 percent of the total spent. This reflects the U.S. focus on
software development. The next most popular area was in systems
control, at $1.65 million, or almost 13 percent of the total.
None of the companies reported spending funds in the area of
sensors or artificial intelligence. This may be because these
areas are actually separate industries with numerous applications
other than robots from which to draw sales or R&D funding.

AREAS QF R&D EXPENDITURES, 1989
(in thousands of dollars)

Software Engineering $3,957
Manipulators/Mechanics 3,740
Systems Control 1,650
Vision 1,100
Applications 552
Power Supply 462
End of Arm Tooling 130

Guidance Systems
for Welding/Coating 74
Sensors 0
Artificial Intelligence 0
Other 1,457
Total: $13,122

Source: OIRA Robot Industry Survey

Artificial intelligence and sensor technologies are on a
converging course with robotics and factory automation.
Artificial intelligence will endow future robots with decision
making capability and allow operation in less structured, or even
unstructured environments. This will result in greater
efficiency and precision, and less overall cost to the buyer.
Further, sensors will allow the robot to evaluate its working
conditions, and make adjustments for any changes in the
environment. Developments in these two areas will allow the
robot to be more precise and accurate, to react to changes in its
environmental inputs and, in general, to react to information
provided by the sensors.
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Federal Government R&D

Of six Federal agencies with significant robotics R&D funding,
the National Aeronautics and Space Administration (NASA) alone
accounts for more than two-thirds of the total. Most of these
NASA funds are slated for the development of space station
Freedom’s Flight Telerobotic Servicer (FTS). The total funds
earmarked for this program are estimated at $140-150 million,
although an unknown portion of this, probably only a small
percentage, is actually for robot research and the rest for
devlopment. The objective of the telerobotics program is to
develop, integrate and demonstrate the science and technology of
remote manipulation that will lead to increased operational
capability, safety and cost effectiveness and raise the
probability of success of future NASA missions. The FTS will be
capable of precise manipulations in space. It has been described
as a cross between a person-controlled tele-~operator and a
preprogrammed robot. It will be used to help astronauts assemble
and maintain space station Freedom.

In addition to FTS, NASA has spent an additional $10 million in
each of the past two years on basic research in four related
areas -- robotics, supervisory control, advanced tele-operations,
and launch processing. In the area of launch processing, NASA
has had great success, at a cost saving, in using robots to
perform dangerous operations, including filter and tile
inspection, and rewaterproofing of the space shuttle’s tiles.
Advanced tele-operations has been targeted for research because
of its enormous potential in helping perform many of the critical
assembly~type operations in space. Advances in this area will
provide both visual and kinetic feedback to humans, enabling them
to make better control decisions. In spite of a seemingly large
payoff to NASih’s space program, the applicability of these
technologies to private industry has been negligible thus far.

The U.S. Army and Marine Corps have also formed a joint office
for developing surveillance and reconnaissance robots. This
action was taken after Congress consolidated all combat robotics
in 1988 under the tactical warfare programs. This consolidation
was done in part to eliminate duplication and develop operational
requirements to avoid glitches and cost overruns. A five year
memorandum of understanding between the Army and Marine Corps
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addresses funding issues generally, but does not specify the
contribution from each service. The project will develop tele-
operated vehicles to be used for reconnaissance, surveillance and
target acquisition missions. The $21.6 million budgeted for this
project will be spent in five areas: (1) communication, (2)
navigation, (3) mission functions, (4) systems architecture, and
(5) systenms support.23

The Department of Defense’s Defense Advanced Research Projects
Agency (DARPA) is concentrating robotic R&D efforts on its
autonomous weapons systems (funding estimated in the $10’s of
millions). Much of this effort is focused on artificial
intelligence and robot manipulators for air and land vehicles.

The Autonomous Air Vehicle (AAV) and Autonomous Land Vehicle
(ALV) programs are probably the most visible on-going programs
DARPA is undertaking. The BAAV is a "smart" aircraft that would
combine radar with infrared sensors to identify targets such as
tanks and then proceed to make the kill. The ALV is an
autonomous robot tank that has a built-in map and is able to
successfully maneuver around obstacles on the battlefield.

These and similar combat robotic projects are expected to yield
results in the near future, with combat robotics playing a
significant role on the battlefield sometime early next century.
Aside from these programs, DARPA spends considerable R&D funds in
non-program areas. These expenditures are presented on the
following table.

DARPA SELECTED R&D EXPENDITURES
(in millions of dollars)

1988 1289 1990

Actuators and Sensors 2.1 1.9 1.4
Legged Locomotion 1.3 1.0 .6
Servo and Task Controls 1.2 1.7 1.3
Major Demonstration Robot - .1 .1
Manipulator Development 1.3 - -
Miscellaneous .9 .1 -
Total 6.8 4.8 3.4

Source: DARPA

Zpefense News, November 19, 1990, page 9.
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The commercial applications of the technologies being developed
in these programs have yet toc be seen.® Most U.S. Government
expenditures for robotice have been for direct military or space
applications. The National Science Foundation (NSF) may be an
exception to the above, although it has a very modest budget. In
1982 and 1990, the NSF spent an estimated $15 million annually on
robotics R&D and expects to commit a growing proportion of funds
to this area over the next few years. The NSF funds commercially
applicable projects conducted in-house, at universities, and at
private institutions.

The Commerce Department’s National Institute of Standards and
Technology (NIST) conducts both basic and applied R&D projects in
robotics. For fiscal years 1989 and 1990, NIST has been involved
in R&D projects totalling over $8 million annually. In fiscal
year 1990, NIST performed $0.8 million worth of in-house basic
R&D; $2 million more is budgeted for fiscal year 1991. NIST
officials expect this figure to increase to $4.2 million for
fiscal year 1992, The in-house projects are concerned mostly
with basic research, managed under the Center for Manufacturing
Engineering.

In addition to basic research, the institute also performs
applied research on a contract basis for various other Government
agencies and for the private sector. For example, NIST is
currently performing work for the Navy, the Air Force, and the
Department of Interior’s Bureau of Mines, Under a $200 thousand
contract with the Bureau of Mines, NIST is working on an
automated mining project. Further, under a major project with
Martin Marietta that calls for $192 million over a three~four year
period, NIST will push to develop next generation controllers of
commercial grade for use in applications such as high-tech
machine shops.

%pusiness Week, October 31, 1988, page 156.
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WORLD OVERVIEW

To better understand the robotics industry in the United States,
it is instructive to briefly examine robotics in other
industrialized countries. Japan, in particular, has a highly
developed robotics industry. In Western Europe, the Federal
Republic of Germany figures most prominently. France, Sweden and
Switzerland are also major West European robot users and
producers. Robot populations and applications in these nations
can provide insight into how the international competitiveness
picture has taken shape. A statistical summary of the growth of
robot populations in selected countries can be found in Appendix
C.

FIGURE 8- INSTALLED ROBOT POPULATIONS
SELECTED COUNTRIES, 1988

ITALY ALL OTHERS
) (0.4%)

(2.6%
i GERMANY

B (1019)

%—hﬁfhg UNITED STATES
Y]

N}

JAPAN
(54.3%)

(18.3%) yssr

NO. OF ROBOTS
JAPAN 176,000
USSR 59,218

U.S. 32,600
GERMANY 17,700
ITALY 8,300
Source: U.N. Economic and Social Council, June, 1989 ALL OTHERS 30,420
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Japan

Japan has emerged as the largest and most competitive robot
producer nation in the world. Favorable governmental, economic
and social conditions have contributed to this leading position.
For these reasons, Japan has been the biggest user of robots in
the world, providing lucrative home market sales for an estimated
300 companies, a few of whom are leading robot suppliers
worldwide. In contrast to the United States, the working age
population under 30 years old in Japan fell sharply after 1955,
from about 45 percent of the total work force to a low of only 30
percent by 1985. The decline during the 1970s was particularly
steep, down from slightly over 40 percent in 1970 to about 32
percent in 19280. The resulting severe shortage of entry-level
people created conditions for exceptionally strong user demand
for robots and factory automation.

The early domestic market for Japanese robots was mainly the
automotive industry, with Nissan as the first key customer.
However, robots have since widely penetrated Japanese
manufacturing, from heavy industry to consumer electronics. High
wage rates and an enduring labor shortage made robot automation
particularly attractive to Japanese industry. Japanese labor
unions also accepted the widespread adoption of robots in
manufacturing. Unlike unions in the United States and Europe,
where labor-management relations tend to be adversarial, Japanese
unions are generally affiliated with only one company and view
robots as an advantage to the overall operation of the company
rather than as an attempt to replace a worker with a machine.

Rapid adoption of robots was also the result of intense
competition in Japanese manufacturing industries. When one
company installed robots, others followed in order to remain
competitive. Robotized production lines gain greater flexibility
as strides are made to integrate them with features such as
artificial intelligence. Japan uses more robots than all other
countries combined. There are close to 250 thousand robots
installed in Japan. In fact, one year’s robot production in
Japan, at about 80 thousand in 1990, is more than twice the total
installed robot population in the United States.
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For the past two decades, the Government of Japan has recognized
the importance of robotics to advanced manufacturing and has
afforded financial incentives to manufacturers for installation
of robots in their plants. In 1980, the Japanese Government
enacted several policies to stimulate robot demand.?

0 Establishment of a leasing system and the Japan Robot
Leasing Company, designed to popularize industrial robots
among small- and medium-sized firms;

o Special financing from the Small Business Finance
Corporation and the People’s Finance Corporation to small-
and medium-sized firms in introducing industrial robots
designed to ensure worker safety;

o Establishment of a special depreciation system for high
performance industrial robots that included computers; and

o] Loans and leasing programs covering industrial robots at the
local government level to help smaller companies in
modernizing their equipment.

Two additional policies were implementéd in 1984:

o Establishment of a leasing system for flexible manufacturing
systems at special interest rates (special loans from the
Japanese Development Bank to the Japan Robot Leasing
Company) ; and

o} Establishment of tax incentives for promoting investment in
advanced equipment provided with electronics for smaller
businesses, involving special depreciation allowances or
special deduction of corporate taxes.

The Ministry of International Trade and Industry (MITI) is
Japan’s primary source of government support for robotics R&D,
through the Agency of Industrial Science and Technology (AIST).
Several hundred million dollars in direct R&D for commercially
related robotics projects have been funded. Additional sums in
indirect assistance are also provided. The government’s current

BThe Competitive Advantage of Nations, M.E.Porter, 1990,

page 231.
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focus is on projects with a potential for private sector
commercialization or for hazardous environment work.

In 1983, an "Advanced Robotics" R&D program was launched jointly
by AIST and approximately 20 private corporations. Some of the
companies involved are Toshiba, Fujitsu and NEC for vision
systems; Fuji Electric for manipulators; Ishikawajima-Harima
Heavy Industries for metal skin and Fanuc for actuators.

The goal of the research project was to develop robots capable of
operation in hazardous environments. The research was focused in
three main areas: nuclear energy, ocean oil exploration and
disaster recovery. The robots designed for the nuclear power
plants are able to perform inspection and maintenance tasks under
high radiation levels. The ocean oil exploration robots are
capable of working under high water pressure and can work in
complete darkness and during unfavorable tides. Advanced robots
were also developed that are heat-~resistant and able to measure
the proportions of a disaster through CO, gas laser sensors,
functions essential to rescue operations.

The NSF outlines the following additional ways in which the
Japanese Government supports its robotics industry:

o The Japanese Ministry of Construction implemented tax
incentives to promote the use of construction robots. Five
types of robots will be eligible for favorable tax
treatment. Firms will be permitted to amortize the
equivalent of 30 percent of the cost of the equipment in the
first year after purchase or will be granted tax relief on 7
percent of the cost of the equipment. Firms leasing robots
on agreements of five years or more will also be eligible
for tax breaks.

o MITI is also initiating a project to develop space robots in
1991 at a total cost of about $150 million (¥20 billion).
The robots are intended for use in fabricating or repairing
structures in space and will be put in place around 2000.
This will be one of the large industrial technology R&D
projects of the AIST.
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Federal Republic of Germany

The Federal Republic of Germany has the world’s third largest
robot population after Japan and the United States. Germany is
the dominant user in Western Europe with 37 percent of the total
number of robots in that region. By 1989, West Germany had a
total of 22,395 installed industrial robots.?® As in the United
States, the German automotive industry is the leading user of
robots. The main application areas are spot welding, painting,
assembly and arc welding. Volkswagen is one of the larger robot
producers in Germany, but it produces primarily for its own
plants. Other major firms include Kuka, believed to be the
largest with about $110 million (estimate) in sales, Bosch, Reiss
and Kloos. '

The Germans have experienced an actual decline in population, and
to an extent have installed robots in response to a skilled labor
shortage, especially since the mid-1980s. They have also, as a
nation, concentrated heavily on modernizing facilities to make
their labor force as productive as possible. This effort has
included robots and other advanced machinery, to maintain exports
against the appreciating deutsch mark. The tax policies of the
German Govermment reinforce investment with accelerated
depreciation, and other incentives. Also, the German "kultur"
continues to produce strength in engineering and education, and
an abiding respect for manufacturing quality and efficiency. As
a major trading nation (exports equal 40 percent of GNP), about
one-third of the work force is in manufacturing related jobs
compared to only one in six in the United States, and one in four
in Japan.

German producers have turned toward integrating robots with
factory automation systems, rather than stand alone units.
Typically, a German producer will spend between 8 and 10 percent
of turnover on R&D, roughly the same as the average U.S.
producer. The highest growth in demand is for robots with
assenbly applications.

26 J.N. Economic and Soc¢ial Council "Annual Review of

Engineering Industries and Automation 1989," 18 June 1990.
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Approximately 40 percent of newly installed robots were imports,
with most coming from the United States and Japan. The leading
foreign producers supplying the German market have included ABB
Robotics, Cincinnati Milacron, GMFanuc, Nokia and Staeubli-
Unimation.

France

In the past, the robot population of France has been difficult to
determine because there were two sets of figures available: one
published by the French Industrial Robot Association (AFRI) and
the other by the monthly magazine Axes Robotigue. In addition, a
common definition of what constitutes a robot had never been
clearly established. Recently, however, the two bodies have
combined efforts and have settled on a common definition. They
now define a robot as a manipulator working on an industrial
site, having at least three servo-axes and being both
reprogrammable and multipurpose. This is comparable to the U.S.
definition.

According to this definition, France had 7,063 robots at the end
of 1989, a 24.8 percent increase over 1988. The traditional
users of industrial robots are the mechanical engineering and
automotive industries. Of the 1,405 robots installed during
1989, 485 were purchased by automotive companies, 224 by the
mechanical sector, and 187 by the plastics industry. The
greatest growth rate during the year was in the food industry,
whose robot population increased 60 percent in 1989. There is a
growing interest in France among small- and medium-sized firms to
utilize robots in their facilities.

The major area of application for robots in France is spot
welding, followed by loading/unloading and arc welding. Other
high growth application areas are in education and research. As
a producer country, France has a relatively small robotics
industry, and only a few French robot producers realize a
significant portion of their turnover from exports. French
manufacturers have over 50 percent of the French market but are
experiencing difficulties in expanding abroad due to tough
international competition.
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Sweden

Sweden is the second highest per capita robot user with 83 robots
per ten thousand employees in 1988. Robots are a key factor in
Sweden’s push for factory automation and an important area of
production for the country. Sweden is a world class robot
producer as exports constitute a large part of its annual
production. The main Swedish producer is ABB Robotics, which
accounts for more than 50 percent of the production and heolds a
premier presence in the world market. Based on this strong
position, ABB has set up production or assembly facilities in the
United States, Switzerland, Spain, France and Japan. Major user
industries in Sweden are the machine, automotive and transport
equipment industries. Sweden’s major application areas for
robots in Sweden are material handling and welding, with Volvo
and Saab-Scania as two key home market customers. :

Switzerland

Switzerland has installed automated eguipment in nearly all of
its manufacturing plants to compensate for the high wage costs in
that country. The Swiss have a highly educated population that
has been able to quickly take full advantage of new technologies.
The investment climate in capital eguipment is guite good and
financing is easily available.

The Swiss market for industrial robots is dominated by ABB
Robotics, holding 50-60 percent of the market. Staeubli-
Unimation is also a factor. The remainder of the market is
supplied by foreign firms, including GMF, Litton and Cincinnati
Milacron. Domestic manufacturers produce 15-20 different types
of robot systems, many of them custom made. The U.S. market
share of the Swiss robotics market has grown in proportion to the
overall market growth and has been particularly strengthened by
the very successful Adept assembly robots. Japanese robots,
surprisingly, have not made significant inroads in the Swiss
market. The main applications of robots in Switzerland, listed
in order, are assembly and loading/unloading.
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INTERNATIONAL COMPETITIVENESS

Competitive Factors

Competition in the robotics business is global and intense. The
competition takes place in two major arenas: building market
share and pushing the development of robotic technology. The
building of market share is critical to providing the revenues to
cover expenses and fund R&D. The key end-market for robots has
been the auto market, which can be described as high volume-low
end robots. In many respects, the auto industry financed the
robot industry through its infancy and remains its largest
benefactor. Robotic firms with a strong position in the auto
market are almost by definition large and aggressive. However,
almost all of them are rapidly branching into other markets and
putting enormous sums into R&D. R&D is critical because the
technology is rapidly emerging and possible robot applications
almost unlimited.

U.S. firms have not fared well in this global competition. The
competitiveness of robotics firms in the United States has
declined dramatically from promising beginnings. America’s once
largest robotics producer, Cincinnati Milacron, after several
years of declining sales, has now sold its patents and marketing
rights to ABB Robotics, Inc., and left the business. The U.S.
robot industry was abandoned by the auto industry, and it is now
rapidly losing the initiative in many other markets as well,
including robot sales to major defense contractors. Today, few
U.S. robotics producers remain, and most of these are in highly
specialized niche markets. Many of these small firms lead the
world (and survive) in some aspect of the technology. The best
ones are prime candidates for foreign takeover. The largest U.S.
producer has less than $40 million in sales. At least a dozen
foreign robotics firms have greater sales.

As already noted, U.S. robot producers are at a disadvantage
relative to foreign producers at the low end of the robot market,
where cost has become an important purchasing consideration.

U.S. firms are more competitive with, and sometimes have an

75

i A

T TS




advantage over, foreign producers in the production of high-
performance, multi-purpose robots, although this advantage is
fading.

The price differential between foreign and domestically produced
robots is principally caused by U.S. production quantities being
much smaller than is the case for Japanese firms.?’ Many U.S,
producers have focused their development and marketing efforts on
low-volume systems with a high engineering content, or on systems
integration -~ both high cost areas of the overall robot market.

Virtually all of the high volume, highly repetitive orders for
industrial robots worldwide come from the automobile industries
in the United States, Europe and Japan. Japanese robotics firms
dominate in this world market segment, specifically in the areas
of spot welding and finishing/coating robots. Also, prices are
generally declining in these market segments, in large part due
to the cost advantages that Japanese firms enjoy because of their
high production volume relative to U.S. and European robotics
firms.

Further, some of the price difference between the average U.S,
produced robot and its Japanese competitor can be traced to the
difference in complexity of the robot mechanism itself. 1In the
early stages of the development of the world robot market, the
tendency of U.S. producers to focus on technically complex, high-
performance. robots worked to their disadvantage, both in the
domestic market and overseas. Early generations of U.S. produced
robots were typically complex in design, expensive, and required
frequent maintenance.

In contrast, robots being produced in Japan and Europe were
mechanically simpler and less expensive, and therefore, easier
for users to justify as capital expenditure items. These robots
appealed to a much wider range of potential users than the more
sophisticated U.S.-developed robots. Overall, the special
purpose mechanisms and manipulators favored by Japanese robot
producers are less expensive to produce than the general purpose

27Adapted from A Competitive Assessment of the U.S. Robotics
Industry, pages 26-29; prepared by Capital Goods and

International Construction Sector Group, U.S. Department of
Commerce, 1987.
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mechanisms on which many U.S. robotics firms have focused their
development and marketing efforts.

The Japanese also have the competitive advantage in gquality
control. Many of the robots marketed by Japanese firms were
first developed for in-house use, and robot manufacturers’
factories still serve as extensive test-beds for robot
development. Emphasis is placed on reliability and
predictability in robot motion. Japanese firms have a large base
of experience in both robot production and use, experience that
assists them in their quality control efforts. This is most
evident in arc welding and coating/finishing robots, where
Japanese-built robots have a better reputation than their U.S.-
built counterparts.

Quality control has been more difficult for U.S. based robot
producers. All U.S. auto producers have been plagued by problems
with inadequate robot lcad capacity, failures in robot
mechanisms, or at the very least, performance that does not meet
expectations. Part of the problem stems from the fact that the
U.S. robotics industry has no standard measure of basic robot
operational characteristics such as speed or repeatability. This
leaves users open to the risk that the robots they purchase will
require extensive debugging prior to implementation. This
inherent risk explains the preference that many U.S. users have
for retaining the services of a systems integrator, whose
responsibility it is to provide an operational robot system
customized for a particular user’s needs.

The international robot market is characterized by an enormous
number of cooperative arrangements between robot-producing firms
of different nationalities. These arrangements are opportunistic
and have facilitated growth in the industry. The arrangements
have reduced risk, increased efficiencies, expanded markets and
spread robotics technologies. They run the gamut from marketing
accords to licensing agreements to full fledged joint ventures.
Many of these arrangements involve pairings of U.S. and Japanese
or U.S. and European firms. While they have provided Japanese
and European firms with unprecedented access to the U.S. market,
U.S. firms have not been afforded the same benefits in foreign
markets.
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Japanese robotics firms are involved in over 100 international
agreements. Nearly 70 percent of these agreements are simple
marketing/sales agreements, which have given Japanese firms quick
access to foreign markets with immediate sales and service
support. Japanese firms are involved in comparatively few joint
venture or parent/subsidiary relationships with foreign firms.
The major joint venture between Japanese and U.S. based firms is
GMFanuc. There has been virtually no penetration of the domestic
Japanese market by foreign firms, even those operating jointly
with Japanese firms.

In contrast to the Japanese approach to international agreements
in robotics, nearly 70 percent of the arrangements formed by U.S.
firms are either parent/subsidiary arrangments or joint ventures.
The balance is mostly licensing agreements. '

The growing inclination of new robot users to rely on firms with
systems integration capabilities may work to the advantage of
U.S. robot producers as robotics spreads outside of its
conventional circle of end-users -- automotive, aerospace, and
electronics. Some domestic producers have already restructured
their operations to include turnkey and systens integration
services. Other U.S. robot producers are selling their robots to
third party systems integrators. As robot users become more
sophisticated, however, and robot applications expand into
assembly and materials handling operations, a growing market for
high performance robots is developing. This could stimulate a
revival in the U.S. robotics industry since, in the past, U.S.
firms have exhibited advantages over foreign producers in this
area -- especially in the production of high performance robots
with substantial value added in peripherals and accessories.
Many industry observers, however, think it is too late.

Companies’ Assessment

The companies self-assessment of their own competitiveness was
not promising. The surveyed companies reported that foreign
concerns have major advantages in their cost of capital,
production costs and Government support. They also noted their
foreign competitors have more engineers, and outspend them by a
wide margin on R&D. At the same time, the U.S. companies
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surveyed reported their major strength as innovation. Also, most
of the firms thought they were still ahead in the overall
technology, although the lead is diminishing and may disappear in
the next five years.

They also noted that the Japanese market is much larger than the
U.S. market, which has enabled Japanese firms to drive their
costs down with far greater production guantities, and has
allowed Japanese producers to enter the American market with
lower prices.

A related issue mentioned by the respondents is the pressure in
the United States to show quarterly profit and quick turnaround
on investment. The companies felt that if there was not such
pressure on them, they would be able to take a longer term view
of investments and profit. Others suggested Government actions
to reform the Tax Code and provision of incentives for domestic
manufacturers to buy American products and invest in plant and
equipment modernization.

Industrv’s Recommendations for Government Action

Most of the robotics firms surveyed believe that U.S. Government
support is essential to improve their competitiveness. They
noted that strong foreign government support for their domestic
robotics industries, combined with a perceived lack of concern by
the U.S. Government, has biased the market against U.S.
preducers.,

Respondents also mentioned other problems peculiar to the

. industry that they feel the Government could take an active role
in correcting. One such obstacle is that Japan has a 4-6 percent
tariff on robots versus 2-3.7 percent in the United States. This
disparity often makes it more expensive to export to Japan while
it is easier to export from Japan to the United States. While
these percentages are small, margins are also small and can be
greatly affected by a few percentage points. Another major
problem is limits on robot and robot component exports. These
have constrained sales of robots overseas, which for some firms
have become very important. A more open export policy would
allow these firms to expand exports.
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FINDINGS

The United States is nearly out of the industrial robot business.
A major reason has been the slow development of the factory
automation market in the United States. Currently, only a few
emall firms exist on the edges of robotics technology surviving
in application-specific niches. Most produce accessories,
peripherals or sensors and end-effectors that are added to
imported robot arms and bodies. Many industry observers believe
it is too late to restore a viable domestic industry. Import
dependence has more than doubled in the last five years, to over
80 percent of U.S. robotics consumption. With the recent removal
of Cincinnati Milacron’s production capacity, dependence will
climb to nearly 90 percent.

Robotics technoloqy is vital to ensuring the superiority of
future U,.S. weapon systems. Robots will have key military
applications in aircraft, ground vehicles and other weapon
systems. Robots are currently being used in ordnance disposal,
underwater recovery, and in chemical and nuclear weapon
applications.

The absence of a domestic robotics industry will slow future
applications development. The absence of U.S. robotics producers
will force U.S. factory systems integrators, both commercial and
defense, to focus on the available foreign made robots. for
automation alternatives, rather than develop specialized robots
to provide an optimal solution for U.S. manufacturers. In many
cases, this will bring less than desired results, especially for
emall~ and medium-sized firms that lack the purchasing leverage
of larger firms. Also, foreign sales and support offices are no
substitute for the complete technical support a domestic robotics
manufacturer could provide.

Robot technology is still being developed. As the technology
matures, robots will play an _increasingly important role in
factory automation and the competitiveness of numerous end-user
industries. Robotics and factory automation are key elements of
future competitiveness in manufacturing. The United States is
falling behind its major trading partners in this area.
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Historically, U.S. manufacturing firms have been slower to
install robots in their plants than some of our major trading
partners. A major reason was related to the low skill level of
earlier robots, which were developed and used in labor shortage
countries (Japan, Sweden, and West Germany) as labor substitutes.
The United States had an abundance of unskilled and semi-skilled
labor that proved less costly to manufacturers than robots.
Further, labor unions have historically had an anti-automation
bias. Additionally, older vintage machinery in many American
factories is less robot compatible, inhibiting manufacturers from
purchasing and integrating robots.

U.S. Government funded robotics related R&D ranges in the
hundreds of millions of dollars, but very little is related to
commercial needs. NASA and the Department of Defense are by far
the biggest robotics R&D funders with numerous projects, such as
the Flight Telerobotic Servicer for space station Freedom, and
the Autonomous Flight/Land Vehicles. These are very exotic
projects that are developing certain technologies, some of which
may be of commercial benefit to robotics or other industries.
However, most of these technologies are beyond the needs of
manufacturing, are too expensive and do not address factory
robotic applications,

The Japanese Government has provided several hundred million
dollars in direct commercially related robotics RED, and huge

additional sums for indirect assistance to support development of
both a commercial robot industry and robot market in Japan. Much
of this assistance is provided through the Agency for Industrial
Science and Technology (AIST). The Japanese have the largest and
most competitive robotics industry in the world. This is
illustrated by the bilateral robotics trade deficit with Japan,
which was $135 million in 1989, Only $3.8 million in U.S.
robotics was exported to Japan. While Japanese imports
represented about half of U.S. consumption in 1989, exports to
Japan are less than two-tenths of 1 percent of the Japanese
market. The governments of other major robot producers such as
Germany, Sweden, and France have also provided direct and
indirect support for the development of a robotics industry and
market in their countries.
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RECOMMENDATIONS

As was previously discussed, robotics is an important technology
for both commercial and defense manufacturing applications.
Robotics is included by the Department of Defense as one of
1990’s 20 most critical technologies for "ensuring the long-term
qualitative superiority of U.S. weapons systems." Robot
technology is also encompassed in the 1990 Department of Commerce
Technology Administration list of 12 "emerging technologies" that
have the potential to provide large advances in productivity and
quality of products. Moreover, because robotics is a key
infrastructural industry, robot utilization has unusual
multiplier effects throughout the entire manufacturing and
industrial base. Industry sources have expressed concern that
the U.S. robotics industry is rapidly losing market share to
foreign competitors and in danger of falling behind in many areas
of technology. Our assessment largely confirms these perceptions
of current trends.

In trying to develop recommendations which would be useful for
policy officials at the Department of Defense, the Office of
Science and Technology Policy, NASA and other concerned agencies,
we were confronted with some major unanswered questions which are
beyond the scope of our assessment. Can the U.S. successfully
participate in developing emerging technologies such as
artificial intelligence, sensor technology and flexible computer-
integrated manufacturing, each of which is integrally linked with
robotics, without a viable domestic robotics industry?

Similarly, will the Department of Defense, NASA and U.S. industry
maintain the ability to competitively develop next generation
weapons and space systems without a viable domestic robot
industry? and finally, assuming current industry trends
continue, what are the implications of relying on foreign sources
of robots for commercial, space and defense uses?

Nevertheless, based on our in-depth analysis of the robot
industry in the United States, we were able to develop some
specific recommendations that may assist the industry in limited
areas:

First, the robotics and factory automation R&D programs at NIST
could be broadened and expanded, especially in the areas where
U.S. firms have shown strength, and Commerce could take the lead
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as a catalyst for coordinating efforts between the U.S. robotics
industry and robot end-users.

Second, the Robotic Industries Association and its membership
should be encouraged to explore shared flexible centers for
integrated manufacturing and R&D consortia sponsored by the
Department of Commerce’s Technology Administration. These
programs are designed to help smaller firms form joint venture
groups to create and lease production time on state-of-the-art
factor flexible manufacturing systems and to promote cooperative
participation in shared risk R&D ventures.

Finally, OIRA should continue to monitor the status of the
domestic robotics industry. This will allow policymakers access
to current information on the health and viability of this
critical sector.
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PART II. PRODUCTION CAPABILITY AND FOREIGN DEPENDENCE (continued)
(Complete Part II for each U.B. establishment)

2. PRODUCTION EXPANSION CAPABILITIES: Under a national security
emergency with financing underwritten by the Federal Government,
how many months would it take to double the average monthly unit
production rate you experienced in 1989 (i.e., 1989 unit
production divided by 12); and what constraints (e.g., skilled
labor, lead time for additional production equipment, supplies,
etc.) would limit your expansion capability?

Expansion Time and Constraints

Constraints

THE MANIPULATOR

(1) cylindrical Coordinate
(2) Spherical Coordinate

(3) Jointed Arm

¢

(4) Rectangular Coordinate

THE POWER SBUPPLY
(1) Pneumatic
(2) Hydraulic
(3) Blectric

il

THE CONTROL BYSTEM

(1) Fixed and Variable Sequence
(2) Point-to-Point

(3) Continuous Path

i

(4) Intelligent Robot

ACCESSORIES & PERIPHERALS
{Please List)
(1)

(2)

(3)

i

(4)

T Y
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PART II. PRODUCTION CAPABILITY AND FOREIGN DEPENDENCE {continued)
(Complete Part II for each U.8. establishment)

3. IMPORTED PARTS AND COMPONENTS: Complete the following table
addressing which forsign made parts and components (Refer to
components in Question 2, Part II) you use in the production or
assembly of robots. Use the following coded reasons why a
foreign source is used in completing the table.

A. Domestic source not available
B. Lover cost '

c. Delivery time

D. Design

B. Performance

F. Maintenance

aG. Industry Standard

H. Oother (specify)

1989 Reason
Imported Foreign country of Foreign
Component value gsupplier Firm origin gourced

(use codas)

w W N n o o

4. FOREIGN DEPENDENCE: For any foreign sourced items designated
by "A" above (i.e., domestic source not available), please
describe: a) the adverse impact an jnterruption in the item's
availability would have on your manufacturing operations, b) what
measures can be taken to minimize any adverse impacts and, ¢) the
reason(s) the part or component is not produced in the United
States (i.e., lack competitiveness, behind in technology, foreign
marketing practices, etc.).




PART II. PRODUCTION CAPABILITY AND FOREIGN DEPENDENCE {continued)
(Complete Part II for each U.8. establishment)

5. TIMPORTS OF CONPLETE ROBOTS8: Please complete the following
table addressing what robots you imported in 1989, and the
reasons for importing. Use the following coded reasons vhy a
foreign source is used in completing the tables.

A. Rationalization of global operations

B. Round out product offerings

C. Building market share to enter this line

D. Maintain market share against others

B. tmport is technically superior to my
offerings

F. Marketing agreement

a. Other (describe)

1989 Value Foreign Reason Foreign

Equipment Type Imported Producer Firm Sourced
(use codes)

R B

6. EMPLOYMENT: Enter the number of employees (end of year) at
this establishment from 1985-1989, as requested below. (8ee
definitions of Engineers, and of Production Workers)

1985 1986 1987 1988 1989

Engineers

Production Workers

Admin. and Others

Totals

T

TET

EiH




19430

TvA9TI}eY puw ebhuwiols

butprorun/burpwol SUTYIEH

buyzfrerTRd

SNI'IGRVYE TYIELLYN

XTaHIS8Y

19430

2IY

. eouw3lstsey/yodsg

ONIaIaA

6861 886T L9671 9861 SB861

(peddyigys s3tun u¥)

:JuemysS FTqeIsy

+686T-S86T I03 Moteq pe3eyl suorjewoyrdde g3z Ioj s30qoX
jo sjusudiys Tenuuw Telo] IVjus ‘quous TIqRIse Youwe Jod - (poddTys s3jtun uT) SINIWIIHS T

SIHOdXE NV SINIWAIH8 “II7 YNd



I 3 A

A I 1 A

0T

sorvdg/193emiapun

S3UONMUOCITAUT SNOPIVZIVH

uot3yoedsul

purbrol

putizsed
HIHLO

19930

buttrTIq

burysttod

muwwusaon\mﬂﬁudmuw
HSHINIHOVR

sIopacd 3 spInbrl X940

purtwes 2 onId

6861

8861

L86T 9861

(peddTys s3TUn uT)

burjzuted
DHISNIISIA/ORIIVOD

S86T

{penuIjuod) SINAWAIHE T

8390dXd (NY SINIWdIH TII L¥vd



I B -1 A [ 31} H 3 o BRI rec [ Cog

Tt

I9430

TeA®TIOH puRw obuwiolg

puytproTun/bUutpwoT SUTUIEH

butzTierTeRd

ONY'IGNVH TVId3LVH

ATAHASSY

19430

DIY

eouwlsised/rods

ONIaTAA

6861 8861 - L86T 9861 S861

(saeiTopP UT)

sjusuYsSTIqR3sd
c686T-S86T I03 MOT®q PO3ETT suorivoridde 8yl
103 sjoqox jo sjuswdiys Tenuuw [e303 ISJUe ‘JUSWYSTIQUISe [owd JoJ *(sIRITOP UT) SINIWAIHS T

8I¥0dX3 NV SINGHdIHS °III Jiud

f



L INRE IO : oo Lz s

<t

eowdg/Iojeniapun

s3juemuUcIFAUd snopie zZeH

uotiredsul

buibaoa

Huyaswed
daITHLO

19930

HUTTTTIA

putystyod

purianqeq/buTpuTId
ONINIHOVH

giepaod 3 spInbrT I9Y30

puriweg 3 onid

putjutred
ONISNIdSIA/ONIINOD

6861 8861 L86T 9861 S86T
(sxerIop UY)
(penuTiuc)) SINIWIIHS °T

SIY0dXd GNVY SLNINAIY III &uNd



HE 1.1 LA L& T H 3 LG R cor BB

€1

19430

TeA®TIOY puw ebwioas

furprorun/burpeoT OUTHORH

SurztlerTed

ONI'IANVE 'TYISALVH

ATdRA8SY

19430

2IY

souwysisey/3odsg

ORITTAMR

6861 8861 86T 986T G861

{sIeITOP UWT)

fJueWYSTIqRISE
*6861T~-G86T IOJ MNOT®q PUISTI suotjeorTdde oyy 03
sj0qox jo sajuemdiys Tenuuw [ejo3 I9JUS ‘JUSMUSTIQRISe YOwRe 04 * (sxeTIOpP UT) SINZHW4IHS IJ04dXHq °T

81L30dX3 GN¥ SINAWAIHS °“IXI Liavd

¢



H 1 EA 1

A 1 AL 1 3 £ R AR g | RS} [N

PI

eovdg/Ivojeszepun

§3UOWUOITAUT SNOPILIRH

uoy3oedsug

purbiod

buyased
TIHLO

10430

burTITIA

. Fy

futysyrod

Hhuraanqgea/burputId
ONINTHOYH

giepmod 3 spInbrt I8Y30

burives 3 onid

6861

8861

putjuted
SRISNIISIA/ORIINOD

L96T 986T S86T
(savIIop UT)
(ponutluo)) SINIKITHS JHO4Xd °T

S1Y0dXd ANV SLNARAIF T1II JdNd



PART IV. TECHNOLOGY

1. RESEARCH AND DEVELOPMENT: FPlease enter research and
development expenditures from 1985-1989, associated with your
robotics operations as requested below. Enter separately the
dollar amounts (in $000s) financed by your firm (in~house), the
government, a customer, or as part of a joint venture. (See
definition of Research and Development)

(in thousands of dollars)

Source of Punding 1985 1986 1987 1988 1989
In-house
Government
Customer

Joint Venture
Other (specify)
)

(

Totals

2. AREAS OF R & D EFFORT: For 1989, please enter research and

development expenditures (in $000s) in the areas specified below.

Area Expenditures

Manipulators/Mechanics
Power BSupply
System Control
Software Engineering
vision
Sensors
Guidance Systems
(welding/coating)
End of Arm Tooling
Artificial Intelligence
Applications
Other

D@D WBSH BN NN NN
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PART IV. TECHNOLOGY (continued)

3. TECHNOLOGY RANKING: Please specify those manufacturing
processes, product offerings, in-house know-how, or other
technologies asscciated with your robotics operations, where your

firm is A) the world leader, and B) the U.B. leader.

Also, pleasse

identify your nearest competitor (either domestic or foreigm) in the -

area you lead, and whether your lead in the area has
increased(+)/decreased(~) in the last three years.

A) World Leader in:

i) Product Offering(s): (specity)

Nearest Competitor: / /

{(name) (country) (lead=+~)
ii) systems Engineering: (specify)
Nearest Competitor:

(name) (country) {lead=+-)

iii) other Technology(ies): (specify)

Nearest Competitor:
: ' (name) (country)

16
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PART IV. TECHNOLOGY (continued)

question #3 - TECHNOLOGY RANKING (contihued)

B) United States Leader in:

i) Product Offering(s): (specify)

T

Nearest Competitor: /7 /
(name) (country) (lLead=+-)

T TET

ii) Systems Engineering: (specity)

Nearest Competitor: / /
(name) {country) {lead=+-) L

iii) other Technology(ies): (specify)

Nearest Competitor: / /
(name) (country) {lead=+-) "

17



PART IV. TECHNOLOGY (continued)

4. TECHNOLOGY LEAD LOST: Please indicate for the robotics areas
1isted below where your firm has lost the technology lead to a
foreign firm during the past five years; and provide the name of the
foreign firm that has the lead in the area today.

i) Product Offering(s): (specity)

Foreign Technology Leader: _/
(name) {country)

ii) systems Engineering: (specify)

Foreign Technology Leader: /
(name) {country)

iii) other Technology(ies): (specify)

Foreign Technology Leader: /
(name) (country)

is8

7 T |
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PART V. APPLICATIONS AND MARKETS

1. APPLICATIONS: Please complete the following table, identifying
your largest sale in 1989 of robotics equipment for use in each of
the following markets: A) Military, B) Manufacturing, C) Commercial
and D) Space Applications. For each market, provide the name of the
customer, the type of robots (you may use the letter codss below),
the units and dollar value sold, and the industry in which the

equipment will be put to use.

Intended Purpose of Robotics
(select one or more)

Applications:

a) Welding

b) Assembly

¢) Materials Handling

d) surface Coating

e) Machining

£f) other (specify: )

A) Military:
#$ of Dollar customer

Customer Name Purpose Code Units value Industry

B) Manufacfuring:
$ of Dollar customer

Customer Name Purpose Code Units value Industry

¢) commercial (services, manuf., etc.)!:

% of Dollar Customer
Customer Name Purpose Code Units Value Industry
$
D) 8Space Applications:
# of Dollar Customer
Customer Name Purpose Code Units Value Industry
$

19
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PART V. APPLICATIONS AND MARKETS (continued)

2. MARKETS: Please characterize your total 1989 sales (in $000s) of
robotic equipment by the following end markets, and the percent of
foreign origin equipment and parts (on a value basis) contained in
your sales to each market segment.

Foreign Content

Market Total Bales (percent sequipment and
parts of foreign origin)

Military $ % _
Industrial $ % §
Commercial $ %
space 8 %

L I E2

o]

TG
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PART VI. FINANCIAL INFORMATION

1. PROFITABILITY: For robotics equipment and parts only, please
enter the financial information (in $000s) as specified below for
the years 1985-1989. Include only dollar amounts that apply to

your robotics operations.

{in thousands of dollars)
1985 1986 - 1987 1988 1989

Net Sales (1)

Cost of Goods
Bold({2)

operating Income (3)

Net Income
pbefore taxes (4)

Aftermarket
Revenues (5)

(1) Trade (this should equal shipment totals from Part III of
questionnaire), but excluding aftermarket revenues

(2) Includes materials and component purchases, direct labor,
and other factory costs such as depreciation and inventory
carrying costs.

(3) Difference between Net Sales and Cost of Goods Bold

(4) Operating income less general, selling and administrative
expenses, interest expenses and other expenses (including
uncapitalized R&D expenses), plus other income

(5) 8Service and repair work related to robots

2, INVESTMENT: Enter expenditureb for plant, new machinery and
equipment (in $000s) from 1985-1989 as requested belov.

{in thousands of dollars)
1985 1986 1987 l988 1989

Plant

New Machinery/Eqmt.

R&D

Totals

21



PART VI. FINANCIAL INFORMATION {continued)

a. BALANCE SHEET: Please provide the balance sheet information (in
$0008) as specified below for your latest accounting period. Include
only dollar amounts that apply to your :obotics operations.

{in thousands of dollars)
Assets : Liabilities

current Assets current Liabilities
cash and Equivalents Accounts Payable
Accounts Receivable Short Term Debt

current Portion of

Inventories
Long Term Debt
Other
Other
Property, Plant and Equipment Non-Current Liabilities
(book valus)
Land and Buildings . Long Term Debt

Machinery and Equipment Other
Allowances for
Depreciation

Other Assets Equity

22
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PART VII. COMPETITIVENESS

L. COMPETITOR FIRMS: BPlease identify your two major domestic
and foreign competitors.

Domestic Competitors Foreign competitors Country

a)

b)

2. COMPETITIVE RANKING: With regard to your major foreign
competitors, please comment on your competitive advantages and
disadvantages as requested below. 1In comment area also note
(with 4+, - , =) whether this advantage will change over the next

five years

Competitive My Firm has
Area Advantage Comments
yes/no
Overall
Technology

Design
Capability

Engineering
Capability

R&D
Capability

Innovation

Price

Equipment
Quality

pelivery

Customer
gsatisfaction

Capital Costs

Applications
Engineering

T TET:

WTNES

Government
Assistance

23




PART VII. COMPRTITIVENESS (continued)

3, TUNPAIR TRADE PRACTICES: FPlease comment on &ny unfair trade
practices (e.9., tariffs or other trade barriers, market access,
foreign government subsidies or incentives, dumping, etc.) that
provide your foreign competitors an artificial advantage.

4. OTHER COMPETITIVE CONSIDERATIONS: Please comment on any
other competitive considerations that significantly impact your
firm, and that should be brought to our attention.

24
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CERTIFICATION

The undersigned certifies that the information herein supplied in
responss to this questionnaire is complete and c¢orrect. The U.S8.
Code, Title 18 (Crimes and Criminal Procedure), Bection 1001,
makes it a criminal offense to willfully make a false statement
or representation to any department or agency of the United
gtates as to any matter within its jurisdiction.

(Date) (8ignature of Authorized Official)

(Area Code/Telephone Number) {Type or Print Name and Title of
Authorized Official)

(Area Code/Telephone Number) (Type or Print Name and Title of
Person to Contact re this Report)

COMMENTS: Please use the space below to provide any additional
comments or information you may wish regarding your operations,
or other related issues that impact your firm.

25
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" CURRENT INDUSTRIAL REPORTS

£

&,

U.S. Dapartment of Commaerce
BUREAU OF THE CENSUS

Robots (Shipments)

1984

MAISX(84)1
_jssusd August 1885

SUMMARY OF FINDINGS

The statistice In this publication are based on & new survey
of manufacturers snd represant total U.S, shipments of robots,
robot sccessorias and components.

Quantity and vaiue of shipmants of compiste robots ware
5,535 units and $308.7 million for 1984, of which 3,890 units

ﬂ

snd $287.9 million were urvo—comroilld. 41 units ang $15.5
million were nonssrvo-controlied and 1,304 units and $3.3
milllon wers other types.

A description of the survey mcthodoloqv snd reiated informa-
tion sppears on page 3,

Table . TOTAL SUINGETS OF CRPLETE S0MOTH, IOBOT ACCRISORILS, AND COMPOMENTE: 1984

(Quastity i1 waite; valus ia thousands of dallars)

Teatal shipmance
Produc: daactiptise Suabur of Waa et
apmpenioe of umity Yales
EbOtE, THMAL BECASUSTING Al COMPMMIACI  iarriasnsasestssnnnastoeaissasagssnse T3 4 3] 337,744
BOBOEE (S LAt ccosscnoeonanonsnaanstsbbusiasenernausrsrisassasansssassenscoasnnesy [$1] 3,53 JOk, T4

SarvercontTallad TOMILR s ssrsninaae areaie P T T PR TP 1] 3.0 un

Felat~ca=point typet
Valding, ssldaring, beasisng, and/et cuttisg (weldieg tn-)--. ] 1,13 102,341
Toondry, forging, asd/or Baat KTestiAg:scesnnss 2 1 1,051
Taapaction, massuring, geuging, ssd/et seri ] *
Racal pemiding, shasring, asd/er fevm - - -
Plastica meléing and/sr fstmings:-. - - -
Machims tesl Landing and/ot walsadinge... 1 0 10,80
Priliing and/er sutting (machine type) - - -
hasmmyly, for sowrelociTonis pradecis 3 } (13] 19,138
Aanamdly, (or slostrouin yroduets.. + [
Waterial handlieg sadl/ev parts tr i1 L34] 3,082
CLAr PRLAESLE=~POilt EFPE MulsCisvrarsaruacronisrrtatssansenenrtnsns $ L] .0

Cottismemp~path TYpa!
Walding, seldering, Beaxiag, ami/er suitiag (waliieg :m)....-..............- + 33 H T
fpraying, painving, gluing, sed/ov saaling:ssessssrsrrancansne it 430 L8
Tattling, grisding, pelishing, and/e? GAMETIN:.iossivsiasss 1} m .09
OLMMF RESELNMME=PALE LYPE Melifsnsncocsrernsenstnsssannntbbtosibobastantasnss 3 '

B o rTorataiPellod TobOtdcsacrsrrosrsrsosstansnssorsguasusasendiinivadisiatssasns 10 Sl 13,528
Fowmdyy, 100pi0g, BRl/oT RAME TTRACIRgrosse - - -
Natal bemding, Msaring, ami/er letulng. ]

Flastias walding ani/er FOrmiBgsessacsetsrensvonsinsorsrancannases ]

Rachine C0b) Lobding /o0 waloadhsgscosrirssrries 1 221 3,008
Inspettion, Saaduring, pimping, aad/er sorting i+ b v
Atpumbly, £6T M- lagtTWRLL PEOSNELBrccsstsrsverarirsanrasnranss caeans 3

Assanbly, for alactronia prodittiecerss samasmanassishersnnatrany 1}

Othar SOSSOTTE—soRt fullid FOMMLS Bedofecaoriniinnes TTYIIT ) ratrarsasnnas 1

Matarial handling aad/er parts tremtiel Gedodararrercorsarcooassannostsubitsnsss ] m T

DL PO 0 st ottt sanssrssssnarasarssoreiberniianairdioridditonertosresacns L] },304 am
Bdunationsl, bbby, and omperimenial FHeto recrrarsntsrancaces Creuerarerare L } 130k 1.193
OURAE FHIMLE B Bsfosnsnnscatsboneaninsedd b ilmsiiiirasstidsnseartsnonserasssiins 1 ¢ ¢

Rabst sries, hlisd, sosp ik party (0old aeparatalydecacaisress " iK) 30,448

Badvl=arn tonling £or SOURER i crssnrrerrarrrnoscannanrarianvibmmrditiatsssarsocnns 1 {1} 1,300

Yiaiee, ssute, fowen, Factils, s Prumimily MMITE. qcsccncavrccdss sessenes 15 {E} 13,182

latarfoss midelon. . T T T L LTI T L P P PP PP tesernae 3 it} 1.1

Cowplinies davicss. eedreniniivsstusRaNEEbsERIaRSSY YT b)

Jeist lenating and guidases ¢yotemw For Waldinderiovoninisnnassny AT TYITIN L ¥ (¢ V] 4,52

Cuarding and safety davidebeeroe O T T T T T P Y 4

Labt ACCAPMOTINS, Subassambilied, arupanants, ibd PATLEE Salolocrcccisrrnsasranacer ] {3 1.1

Nissallomagus foenipiet

Mtsarcs sad davalesment. terting, snd sviiesiion of syetoen and temesania

(eonaipte and bi)llage, sot reperted as anipucaes of spesific produetd}evisseseas ] .y iR la, s}

Beter Rahets prassatly are elaastfied 1 the GCamderd Induntrial Clensificacion (HIC) basnd o0 EMLT pRisaTY industTial

ol tots .

* LAPTAINRES saTe Batets Bt alavwiire slaseilind. (X} et spplicanvie.

Address

Inquiries conceming theae figures to U.8S. Department of Commerce. Burssu of the Census, ndusuy Division, Washington, D.C. 20233
or call Louies Beciatt, (301) 7834088
For sale by the Superintendant o

1 Documents, U.S. Governmant Printing Office, Washington, 0.C. 20402,
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CURRENT INDUSTRIAL REPORTY

e o
U.S. Department of Commerce
BUREAU OF THE CENSUS

1

Robots (Shipments,

198!
MAJ35X{B5}-
Issued August 133

SUMMARY OF FINDINGS

in 1985, manufactures’ shipments of compilete robots were
valued at $317.7 million, an increase of 41 percent from the
1984 total of $225.5 million. Servo-controlied robots were
valued at $296.9 million in 1985, an increase of 44 percent from
the 1984 valus of $206.0 millicn. Nonservo-controllad robots

were valued at $18.0 million in 1985, an increase of 11 pe
cent from the 1984 value ot $16.2 million. Other robots wer
valued at $2,8 million for 1985, a decrease of 15 percent fror
the 1984 value of $3.3 million.

A description of the survey methodology and related informe
tion appesrs of page 3.

Table 1. TOTAL SMIPHENTS OF COMPLEYE ROBOTS, ROBOT ACCESSORIES, AMD COMFONENIS: 1985 AND 1964

{Quantity in wnits] value in thounands of dollars}

[ 1923 19047
Product descripticn Weaber of
companies fuantity VYalus Quantity Yaluw
Rabatn, rabof AC<ensories 20d COMONARLIssaasonstaarssanssaasronussse 12 {x) 387,508 {K} 8L, 188
Bobots (COMPIabatasiurtiataretsasssanacnananscsaseensssnerisansanbidnbainr {x) 5,198 317,687 6,334 115,518

Srvo—contTolled OO uustoaocannraranantbidrsssaarssstasasnisasnsscss 16 1,172 296,862 2,676 106,018
Point—to-polint Lypa)

Weléing, soldering, bracing, ané/or cutting (velding typeleceeessees 4 (kL) T4, 45 617 56,532
Pourdry, forging, aod/or hest trestibficicsssersrsrrivnnas ] } 12 745 10 1,851
Imgpaction, messuring, pauging, aod/er sorting k] *
Watal bending, shanring, asd/or forwing, - - - - -
Plaatics molding snd/or forming.seses - - - “ -
Machios tool loading and/or unleading. 5 53 3,785 67 A, 131
prilling ll‘adlot cutting (mechine eype - - - - -
hssenbly, for nomeleckroaic praoducta h]

Asgembly, for slectronte productlucecss L) } ur i7, 161 s 20,908
Matarial bandling sndfor parts tracafer o, ? 463 A4, 863 402 30,962
OBeT point=to=point LYPE DileCursssscrsosssassrsvrsanaurs 5 } * 16 4,38

Contibaous—path typar .

Valding, soldaring, draxing, amd/or cutting (weldiog typalaas 5 87 22,351 23] 18,569
Spraying, painting, gluing, sod/er saalingeccessansesnsocces rea 1] 626 43,332 &9 45,988
Fattling, grinding, polishing, and/or deburritgescaess e ) 19 1,523 1 24,191
Othar combituoun=path LYk DelaCuisssrcrorranansbtsainnctorsssnstsrss 7 416 47,835 '

Mo arvo=cookrolind YoOROtEssrsasnrmeasansssrrasaonrrasasnsinrttbsaubtits it 9% 18,013 570 16,219
Foumdry, forging, and/or beat Lrastitges. . - - - - -
Hatal besding, ahaaring, asd/or forming -

Plestics moléing and/or foTRIRg srany 2

Hachine teol loading snd/ov yalosdi 3

luspection, masauring, geuging, and/e b 59 12,450 250 8,78
Aspambly, for non-slestronic product 2 .

Aspaubly, for els¢treaic products 1

bt noaservo—controllad robots Dudefess i J

Haterisl hendling and/or pATtS CTUBALAY D AeCossasvrtsrseranarausyians ? 37 3,564 310 T,4M

QEhaY FobotEssssnsaascapsassnraransansussaansrssnrronenessorsadobvbtdins 1 2,028 1,780 3,188 1,91

Cducationsl, bobby, and exparimental robots : } 1,018 2,100 3,280 1,291
51 x) 69,831 {x) 55,661
11 x) 3,929 (X} 1,280
1] {x) I7,965 [45] 15,244
: } 2,139
(x) & 108 Xy t
4 8,573
Ouarding und safaty dsvice 3 '
Labot fes, 2 {x) 43,249 {x 28,125
Miscallaaecus vacalpusr
Rapasrch snd drweiopmant, teating, and svalustion of systems and
compomants (racaipts and billings, oot reported ahipmants of
AMELFIC PTOBUELE ) usnsuavaensusariassesnnsnnennsanariandnsbbbbbisnsnnsrsns ] {x) 9,164 {X) 14,469

Boter The percant of estimation of ench item 1s indicated an follows (sea “Description of Snr")r"in tha vezt for a dlecusalen of wetimation of

aloeirg repotis): %10 to 2% percant of this item is entimacad,

= LApTRIADLE 34TO. Nusece Mot mlsevhers classified. Thavised. The large 1984 covisions to 0.5, llmhr.turgr"" shipeents of rabots wers dus
to soma respondants raporting complate robots vhich vers iwportsd, This survey iocludes only those tabots vhich ware {abricatad or sunqubled in the

United States, {X) Xot sppilcakle.

lbhll presently are claseified 1o the Standard Industrial Classificacisn (SIC) basad on their prisary {nduscrial function.

Address inauirles conceming these figures 1o U.S. Dapartmant of Commerce. Burasu of the Census, Industry Division. Washington. D.C. 20237
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CURRENT INDUSTRIAL REPORTS

/N o
S/

U.S. Department of Commaerce
BUREAU OF THE CENSUS

Robots (Shipments)

1986

MA3BX(86)-!
Issued August 1987

SUMMARY OF FNDINGS

in 1886, manufactures’ shipments of compiete robots were
veluad at $250.9 milion, & decrsass of 9 percant from the 1988
totsd of $275.7 million. Servo-controlled robots were valued st
$233.5 midlon in 1986, s decreasa of 8 percent from the 1986
valus of ¢254.3 million. Nonssrvo-controilad robots

Tabls L.

TOTAL SELPMENTS OF CONPLETRE HOBOTY, RMOBOT ACCRISORIES, AND COMPOWENTS:

were valied at $15.7 million in 19886, a decrsase of 13 percen
from the 1985 value of $18.0 milllon. Other robots wers vl
at $1.7 million for 1988, a decresss of 37 percent from the 188t
value of 42.8 milllon.

A description of the survey mathodology and releted informa
tion appears of page 3.

(Quancley in unice; value tn thomsssds of dellara)

Frodmat uurt.uul

Rabats, rebat ies snd comp

Basartitsnsntassnnnbarsasonine

Robocs (complata)evnisss
Satvor~controlled TObOCB.. .
Polac~co=poidt TYPR:
Welding, seldésring, btasing, sad/or cutting {(wlding cYpa)aces .
Pousdry, forging, and/a? hest LTRACITNGusrrecrinrisacansennse
laspection, ReAsuring, EAugiug, asd/or AGFLLNficiseosconnctons
Racal bemdicg, shaaring, And/or formiBferscseesorneariss
Plastics welding end/or (OTRifgecessacacares
Machice toel loadiag amd/or umlosdiogeeisess
Drilling and/er cutting (machina typalirsssirnnriacsasss
Assembly, for com=alectromic products.
Assmmisly, (47 alectrowie productBeverccass
Matarial handiing asd/or parts crassfar n.a.
Othar polBt—CO—POLEE CYPE DiksCorascnvavrsscatorstbbatsnne
Contlouous-yath TYpal
Valding, seléering, wranisy, asd/or cucting (velding tYpe)sscccensss
Spraying, patleting, gluisg, asd/or SAsliBEiccirravosesararnree
Fattling, grisding, pelishing, sad/or debuTrififscscecairsrnonneisirny
Qthar cORTiOUOUA=PEER CYPE BaBeCocarmsitrussnstraratisransasatinncnas

Nousatve~coutTellad COMCOIasrssrntrnacsanenvins
Toyndry, forging, amd/or haat traacing
Matsl hewdiog, shaaving, assd/or forming...
Plastice malding ssd/or fOTWiRgssecses
Hachice toel Loading sms/or unlosdingessrsecscans
lnspaction, SASWring, Fauging, amd/ov wortingr:coe.-
Asawnbly, for oem—slectromid preductiassssscessrnsacs
Atboukly, fOF sleatromic productis.cevensce
Othar GORBSTvW ConiTollod TeMNLE Befolaciscanranra:
Haterial handling smd/er PATEIS CXEMAlNr BudeCocracicrirpsnnnnuissrrane

gesstavnbiraesrenenivany

Othat TAMEEsccssesttecrcsninas
Liucationsl, bebby, md avye
OLhAr TOBGLE Bedutavesvanas

a, asd parts (sold separateiy).

Lobet ies, sab abliee,
Eoi=of=aCR COOLLIAE £AF TRIMEErsrrsarsnnanasciniissirrersntssnennais
Tigiown, asmid, favea, taetile, and prOmImiLy GABBOTR:cciccscnrasavesares
Interface muleBuccsnsanssuessttsntastssnisoasnnns
Compliancs davLEUNsscavousnnavibentorrsasnisnagsarrinanstntnse
Joiat locating and guidascs systamn (of veldingerorresonesrrsscasrnarnas
Guarding st SALOLY davACHR . ancncaasonassinarirasnars
Lobot sccAsNOride, esubasseadlies, coOwponaots, 4nd pATLS NaduCorrcrsveccs

sainressstEBe e

setdbatesnneiba

Niscellansous TaCOIpER! -

Nagaarch snd davalopment, testing, and avaluatiss of syetens and
componants (Teceipts amd biliiage, not ceporcad 4 shipaants of

spacific Productl decsunsnsrrunarncassrsnnrnnnsrrrnspransnonandedcrinsaiers

M D (98
T 1983
Nuphar of
LOMpEni a2 Quantity Talue Quansity ¥alos
L (n 310,034 () s, 139
(%) 5,150 130,429 T340 ::75.111
12 1,718 133,599 1,978 13,978
' () 047 " W
H } i 1,64y 12 s
H - -
s 0 1,60 { 1 1
1 - -
: i 17,991 141 .78
} w7 0,817 Wi aa. 863
s 112 1,768 el 1,192
' 1 1,467 319 abALA
2 1 1,323
: } sy o8, 104 { o1 RitHH
1k a8 19,691 Taso 18,013
' } - N
|
3 05 4,810 1T} 12,830
3
1
1
. e 3,800 31 5,569
3 2,901 1,18 1,018 2,780
! } 2,581 1,138 1,018 1,780
“ (n 59,103 (n 49,510
12 (X} 0,143 (1) t),693
1 (0 10,139 (1) TN
i } (%} 1,644
3 (x) 1,203 1 A, 308
6 (x) 1,682
1 (X W, 134 x 43,209
] 3 12,443 (23 9,181

- RAPTRESNTE IBCH. ‘Ravisad.

i

Wigea. Hot slsewhace classifled.

(X) Not applicable.

Lobats pressmcly acs classifisd Ln che Stundard ladustrisl Classtéication {$1C) basad oo ctheir prizacy induscrial funstiod.

cmmad A e AAmmapm ey Tmeerny = 70 T nemepems o o -~
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CURRENT INDUSTRIAL REPORTS
Robots (Shipments)

YN

K'hul o j .
1967
U.S. Department of Commerce MA3BX(87}-1
BUREAL OF THE CENSUS lssued August 1888 .
SUMMARY OF FINDINGS Nonservo-controlled robots were valued at $8.2 million

in 1987, a decrease of 48 percent from the 1986 value of
In 1987, manufacturers’ shipments of complete robots $15.7 million. Other robots were valued at $3.4 million
were valued at $187.6 million, a decrease of 32 percent for 1987, an increase of 14 percent from the 1986 value
from the 1986 total of $274.6 million. Servo-controlled of $3.0 million,
robots were valued at $176.0 million in 1987, a decrease A description of the survey methodology and related
of 31 percant from the 1886 value of $255.9 million. information appears on page 3.

Table 1. TOTAL SHIPHENTS UF COMPLETE ROMOTS, ROBOT ACCESSORIES, AND COMPONENTS: 1987 AND 1966

(Quantfty fn uaits; value &n thousands of dellars)

- 1987 1986
Product Product deseription Hunber of
code compenies Quanticy Value Quanticy Yalue
- 35697 Bobota, robot scceasoriead &nd CORPONENtE.eussrarasitsatiebstostasnse 36 (X} 249,912 {X} 345,939
ROBOES (COMDLATE) sonsurvavaasnansrasrasrosarnssosnstnnoroernannedubadbosss {X) 4,273 187,507 Tp,673 IN 356
Servo-contTOLled FOBOCE c s crosrsnersarsnseneneneraennatiossttsstsaarnany 25 2,459 175,980 T3,16% 155,878
Point=to=point type: .
35697 0L Welding, soldering, brazing, and/or cutting (welding type).nu.uu 3 476 43,944 969 86,047
35897 04 Foundty, lorghng, and/or hast LTeatingessernsrrananrinnsn 1 18 ) 169
35697 16 Inspection, aeasuting, gauging, acd/or $OKLiAg«evcsrssanren ceinn 1 ?
35697 07 Matal bending, shearing, and/or CoOT@ENE/srssasrenssrsnssrcrscsacnnss - 8 1,402
35697 10 Plascice molding and/or OTRINE. ssvarsruvsvrsarsssrnines I ' r
35697 13 Hachine tool loading and/or unloadingeeescrrssrssssres 3 T4 3,718
35697 19 Drilling snd/or cucting (maching CYPe)isssesnarannarss 2
35697 22 Asseubly, for non=elactronic productd.ivissiirronssa 6 N T19.091
35697 25 Asweably, for slectronic productSsseiversnarss 6 3 19,573 443 *
35697 28 Material handling and/ar parte transfer n.#.c. 8 T L 3
33697 11 Other POLNT=tO~POLDL LYPE NaBaCaasavaraessrandisrssbrsnnrsans 3 713 43,016 T4l hll
Continuous—path cype:
35697 4 Welding, soidering, braripg, and/or eutting (velding typeliassescssa 3 119 9,010 198 rll.]‘ﬁs
35647 37 3praying, painting, gluing, &nd/or sealing.essssssssncaness 9 297 41,348 296 16,864
315697 40 Tettling, gtinding, poiishing, and/or deburring. 1
35697 43 Other cOntinUaUB—PALR LYPR De@iCavsscnaronasanrrrninsnbstistserarass ] 100 15, 647 433 48,104
Honmervo~controlled robots 11 21% 8,153 451 15,691
35697 4l Foundry, forging, and/or hemt treatingscssues SaesesienmabiTEei et 1
33697 49 Metal banding, sHearing, and/or Eoralngscases R LR NREET Y] -
15697 52 Plascics nolding and/or fOTBING.ceasssissncsnsessss . 2
15697 55 Hachine tool losding and/or unkoadingeivisivesersasrancnronnississsnne 1
315697 58 lnppection, asasuring, gauging, aod/or sorcingeesescesas rerarnanat 4 125 5,048 205 7.810
315697 61 Aswambly, for non-elactronic ProductSiscesivisissasrsanrionsivansnrons I
315697 64 Assenbly, for slectronic producta i enaa P H
35697 70 Other nonservo-controlied robots NagiCucennes . Prredva . I
35697 67 Material handling and/or PRCLE LTADSEER Me@uCavennsrtassrsrsnnssansons 8 90 2,205 246 5,881
DEROE TOBOE by vasrrsunnsrssrerssersssusbessnssbetisnrsranisresssnssorases 6 1,599 1,394 1,087 F1,989
35697 13 Educacionnl, hobby, and experimental robote.... 3 T
35687 76 | ORRNT FOBOER MaBeasorrerarorsnosnnsnsnsansransnnneranseransinesansans 2 1,599 1,184 3,057 2,889
Robot accessories, subasseablies, cowponents, and parts {sold separarely). &4 {x) 62,405 (x) 11,383
35697 79 End~of-afu Tooking FOT PobOtBesessorravssiovsredrrnssaranastorarsnrannnt 12 {%) 5,936 (X} 6,357
35697 82 ¥isian, aonic, force, tmecftie 15 {x) 15, 604 (x) Tis,768 B
5697 8% Interface modulesi.aus 2 ,
35697 88 | Comphiance devices. 3 LY 813 x "“"
15697 91 Joint locating and gu 3 o) 7,989 { [¢.3] y2ud
35697 94 1 Guarding and safety deviceBascassesrerresarsnrannes 4 ' o ' l 682
35697 97 Robot sccessories, subaseasblies, components, and PErbs AcdaCresssrsrans 16 {x) 36,061 Xy 43,649
Hiscellaneous zeceipta:
99989 00 |Regzarch msd development, testing, and cvalustion of aystems and B
components {receipts and billings, not reported as shipments of ' r
HDE2f1C PrOBUCEE)aaiusioatasssoentnerunsrasonssnsannrtiststiesssssenanny 7 [¢3] 8,437 [£3)] 16,833
n"
- Reprasents rero. H.a.e, Hot slsewhers ¢lagslified, "Revised. (X} Not applicable.

Address inquiries concerning these figures to U.S, Dapartment of Commarce, Bureau of the Census, Industry Division, Washington, D.C. 20233,
or call Louise Beckett, {301} 763-4085.

For eate oy the Sunenntengent of Cocuments. 'J.S. Jovernmant Br~en g DHice, Washingron. 0.C. 204C2.
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CURRENT INDUSTRIAL REPORTS

AN
BB/

U.S. Department of Commerce
BUREAU OF THE CENSUS

Robots (Shipments)

1988

MA3EX{88)-1
lssued September 1989

SUMMARY OF FINDINGS

in 1988, manufacturers’ shipments of complete robots
were valued at $175.4 million, a decrease of 20 percent
from the 1987 total of $219.8 million. Servo-controlled
robots were valued at $149.0 million in 1988, a decrease
of 27 percent from the 1987 value of $203.0 million,

Nonserve-controlled robots were valued at $17.1 miilion

which was more than double the value of $8.2 million

reported in 1887. Other robots were valued at $9.3
million for 1988, an increase of 8 percent from the 1987
vajue of $8.6 million.

A description of the survey methodology and related
information appears on page 3. '

Tale 1. TOTAL SHIPHENES OF COMFLETE ROMITS, LOMOT ACCEMIORIES. AND COMPONWENIS: 1988 A 1107
(QuanELET LA unléd; vdiud 1n chouaands of dollare)
| 19 1907
Freduct Product deacription manr ot :
cods | cowpanter | Ouinticy Valwe 7 usaslly Vel
15891 Lobole. £OBAL ACCABNOTINN Ak COBPOOERLE L  oesssnnasbntttianinerines | » | | Tueos
BSRoLs 1 COMILUERY sunnenssnsirarinenns {1 4,392 173303 NI fay. 799
Sarvorcontrolled FEBOLd . iaaiioinn L .02 IR T, 567 201,000
| " heine-taspoint come . .
e o wildiag, saLdering, braviag, adfor cutin ) 1) n,m [14] (A1
RRIL IR Y Peunary, [obgind, andfor hast cesmiing.... 2
JIeE? 16 4 Inipaciion, seaidaling, fawglng, awW/of 1
RELL LN TS Mtal besdiAg. Ahesrisg, wdfoc forming -
IITINtY] Plsstica malding mndfor (oratig.. ... 1 n L 1 tanl
11897 1) | Asching toal [oading sndior ualosding 1
;!uf 9l orsliing endsor culting {waenine C1pe). !
W Aapeaply, (o1 ~rlackeshie rod L4 -
] Josambly, (81 aLeCrORTE Brodvctd 3 m .o w 137
RIS TN MaLerid) handiing anafec party . , r
[ UM BOINGFIarPAInE fype mumeCas : " . 0o H .00
Continuouaspath (ype:
16N N velding, saldnttag, brating, sed/ot eucting (valdlag eype). ) n 1,89 "o LR T
LI Spraying. saiatind, glulag, indfoz sedling 4 wri wam i [IRS1T
1988) 42 | Fatcling, Arindlag, polishing, sndior 4 1
15641 43 | OChE CHAELALOUBSPAER (YPE A.Faberns 3 (LI LI W0h TR
1 wonvervo-controlied roMd.ss.turss © i 1,600 s [NTY!
15697 st 1 roundev, forging. andfor huat trw. 1
WA A6 kel esding . - '
BLTLERR T Llaskien meldl 1 b et
B0 30 Achine \ 1 ™" S8
[TTLTRT Y [RapactLon, weanucing, Keuglng, sndice . ‘
LIS TN Aduambly, (o non-slaciysnig produsts. 1
1IE b Audably, for elacitonis produtiiie. 1 ey 13,805
15698 194 et AeARATYC=conNralled rebare n.e + | '
13697 87 | uterial Aasdling shajar pariy ceans 1 L 1,10
: Qther fabols T ENLH LR L4y AR
18887 11 Cducatianal, e 1 2 e
BA | e deseti aee! . Ln 1,90 1,143 ER
i w (x) IR x 8,392
1497 190 Lnd-ol-atm . " n 1,301 {xy S0
ISA4T ALt ¥laloa, soaic . I: n th, 173 R 15,41
WA 85§ Interface aodule
x
15692 B4 | Comyliance devides } o w e b
33687 01 | Jokat lotating e g
364D %5 | Cudralag ane wafscr 4 : ) S8 n anr
TN 87 | fodat sccemsarlas. subddemblies, coapeaNAbd, dnd BAFLY Audifrnroeeiseas ) 0 [N X W,881
Wiseeilansous drceipts:
PHAY (0 hisairch and daveio n ool svatear and
CapdAdntE {EaCONptY And + EInLpaanta of
BEREVTAL BPOAUCER brsmrssessnvesnnssssnsdd oatnsiiiassatsstnraratuinrries ! % ENLTY [£1) L
Tayrignd by § parCEAT O wore Itom prévioualy pudlishad {igures. 1) wot

- Reptesants refs.

Maac, Mar sidawnare claneifLed.

appiicanle,

Tabie 1.
WANST AND THE 1947 CENSUS OF MANUFACTGALS

COKPARINOX OF VALUES Of SHIVSENTL OF ROBOTS. A5 ALPOATER IN THE

Produce dercriprien

1901

i Cansug af

Froduct 1
seda i AN wwlariuten?
T
e i Rabols, FALOL ACCRABOTIZE B0 SOMPOARALA ... ovsinerarreosns Whn 1.4

Freetianary.
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CURRENT INDUSTRIAL REPORTS

YN\
&/

U.S. Department of Commerce
BUREAU OF THE CENSUS

Industrial Robots

1989

MAI5X(89)-1

issued June 1980 -

SUMMARY OF FINDINGS

In 1989, manufacturers’ shipments of complete indus-
trial robots were valued at $150.6 million, s decrease of
2.8 percent from the 19B8 total of $154.8 million. Servo-
controlled robots were valued at $135.7 million in 1989,
a decrease of 1.5 percent from the 1988 value of $137.7
million. Nonservo-controlled robots were valued a1 $14.9

million, a decrease of 14.8 percent from the 1988 total of
$17.1 million. Industrial robot accessories subassem-
blies, components, and parts were valued at $105.4

‘million in 1889, an increase of 42,7 percent from the 1988

vaiue of $73.9 million.

A description of the survey methodology and related
information appears on page 4.

Table i, TOTAL PNIPMENTS OF COMPLETT INOUSTAIAL WOBOTS, ACCLSSORICS, SUMASICMILITS, CONPOUENTS, ARG PARTS. 1%80 AWD 98

(Quastity in walts: valer I thowasnty of dollars)

T, 1] 1{1]
Preduct Pradust seeceiption Sonbar of
cnde conpanias Quanticy Yaiur Quantity Yol
197 Indwatrisl rvete, sccorsories, suba coupanents, ond
LT cremianss Cevense st b iddnas » {1} 113,970 (1] 128,08
ladwacrial rebats (conplete)., ..., rrerddatartaatan (x) b % {3 130,387 2,404 i, 770
Sarvo=contrallod FOMTh i uciniiioninnanpraratangarnersn IETTTTTY TN 1 1,0 135,404 n 137, 4%}
Polnt=ta=painL typet -
134971 0) Meldiay, seldering, Waning, smé/ar cussing (welding C700) i ccnraniss A my .90 w04 11,301
3% o Fouadry, forging, miéfor 3at treatifgeoreccincnns caressnnay “es H
35497 01 Matsl bending, shaaring, shd/ot farmiNguscesssersrasas -
1% 10 Praacies wolding ond/er [ormIngerovitovenrivsrannisn . 1 . 300 " 112
I 1D Maching taol Lopding oud/er UBISHELAG. nueenssaersen ) u : :
INY? e Inapoceion, seanring, qouging, #e/sr WrLinfencrrosssrrsivenrences 1
::1:-&9 Prilling smt/er tusting (Machimt tY94) coracnsrsnasnnsasunnnns 1
" 22 ABSORblY, (0f men=eloctronic Poducttosrrvsarisrvanstorisrannansands [} 4
1%9e7 15 Assenbly, for tlectrwale produetserssrnroransnrcorns 1 e +,011 m T
b LIN ] Watorisl ‘wadling md/or parts teaasfar.ccoecnvrersses 1 " o4 LITY) T2, 810
FTNTT OEMIE POINE=EOPOINL YPR1esrintnrusersonararasasnsnseinscansrnonns ' ' Ll :
Continpbm=path trpe:
13497 W Welding, wmidering, beasing, smd/or cutting (valding trped.iiiinnass . 1 1140 " rdan
%407 31 Spraying, patuting, glotng, amd/or SeaLiRg.e retaivsvertnnnnsannngre M 1% I fnr,; LNt
1397 &0 Fovtling, grimfing, poliahing, sad/or UBNTPIML. soaresnassstans ] fayy i
INT A CERer whtihwon=path em..f:...................................... 4 } Lol 8,1 " it
NARLOrVOtORt rl1od POBMBuocireacosrannessnsasesnocansansrssannrraresns + m 14,872 b 11,00
INET & Touadry, loeging. smd/or mat craati I
AT AP Maisl vendleg, sharing, si/ev ferni -
3N 12 Plsacies midisg mid/or (semingesrversre ] L] 1,383 ® L
148 33 Mochine tanl liading md/or wmisading... 1
1% Tnapection, sasouring, fouging, and/sr oo ¥
15497 &) Apsenhly, for wse—visqrrwale preduct S
1N Assembly, lov sloctranin praducts. t w 12,1 14 11,703
bi TN 1 Metarisl Mandiing mmd/eor pures ¢ L}
1% 20 Sthir ssasirre-coatiolled rebels - - - - -
Industvial robot sttesseries, mbssadublive, conpenante, and part
BOPATATOL e nnrrsrtancttuirsansinennassnnne » n 103,453 (n R H
N N End=ol-ary tanling for THMIB cnccccicuinaasrs [ ] [¢ 3] 3,408 [ }] 3, M2
b 3L 1 ¥isiom, maic, focea, taatile, mad pronfinity sensern..... 18 [¢ 3] 20,403 {3} W,
IIAPT B3] TALATIGES WMULAS i rriccntstinentninaontronninasttsnnseitsransnEnesninas ) () [ . " o0
AN COPPLIANES dvitatoristnrrrrannssrrarsvnrrins 3 () H13] '
b1 AL Jeint Iacsting and puidiaty eystem for waldisg H " 5308 o 5133
1997 W Quarding ond Gafoly SOviethessscsrivoictnanvonasrsarnanasnsnssnncrsensss ] ¢ - "
3N Industrial redet steereerion, b » , ond Tt
L T P P e i) 1,20} (z) 05,46
Ristellosmnus recaipes:
$PINY 00 | esroreh md dovelopenat, teeting, snd evalustion of systens and -
componante (rocelpte and Milings, mer reperted aa shipoents of 3
PP LI LE PPl e iar s uataara sttt s eI a st ebrannaanaranaainerantribttern ] {x) 2, M4 (41 3 19
Selei Detall sy {seluds shippent value of cesplels reberic spstem.
= Beprasents tare. Nt Mot elowvbars claanifind, Tarvised V7 3 peraest of wore (ree proviemsly pudliohed [igures, {E) nat

appiicadis,

Address inquiries concerning these figures te U.S. Department of Commerca, Bursaau of the Census, Industry Division. Washington, D.C. 20213

or call Alexandar E. Holgado, (301) 763.4132,
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Table 1.-+U.5, trade data
Flow: Imports for consumption
T¥pe= Customs valuae
TSUSA commodity! Total selected commoditles
(Thousands of dollars)

3 Time perfodi 1984 19858 1986 1987 1933
)

iPartner
1

1
H i
thustralia, .. vviniiniirineransat
stAustria....... Pesa b e s nabananaad
i
1
1

-
L]
OO
-

1Balgtum and Luxembourg.........
tBrazil............ S etatasenens
viCanada..... R RN T
tD@NMarK, o v vevar b eanrsasrrassal
tPominican Republic.............¢
Lk T - T« i
VIFPANCR . i s st it ens P |
tFranch Guiana. .. .ovovvevinnnans §
tGarmany, HWest. ., ... ..cveivninaee 4
tGroece....... R -
rHon? Kong, ... iuvinvinvsnnnnnsaet
tlraiand, vt it ieneasens 1
D £ T Y S |
P & £ 1 P
AJaAPAN i s eal 67,95
W
)

9
1,341

oo
~N oW R== -

-

N -
-

o e

~

Mo~

o
-1
- -
Ldar b

tJordan.. vsevsnana TN EE )
tKorea, South. .. v iiiriannsnas
L - f
L T - 1
tHetharlands, ., v ouvevnnnienn s
tHorway........ vt eaaeeaa e
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Table 1.--U.5. trada data
Flow! Imports for consumption
Typat Flrat unlt of quantity
TSUSA commodity! Tot?éus:loctod commoditios

Time pariodi 1984 1985 1986 1987 1988
1

1
‘Partner
'

H T
tAustralfa....... e et e stansranal
VT o I . |
tBelglum and tusxembourg.........!
Brazil........ R T 1
iCanada.......... vase e saebnanaal
1Denmark. .. .o it aneesranat
tDominican Republic..,..........¢
tFinland. oot ienniiinnnnnnnedt
LFranc@. s osevernenntansoncasnneslt
tFrench GUiana. ..vvvsuiiereanrsal
IGarmany, Hest,.......... N |
t0reece. . ..., P I AN N |
tHong Kong. .o oivnniinninnnnnnss 1
tlreland. . .,......... sraarrereaal
8 T T |
Ll G T T A |
TJapan....... ... PN ool
IJordan . oo eoieeesnerierosrranrest
tkoroa, South...... veravavasanasl
THeX1CO. . v v i v esarrvnbanaasnst
177
tHetherlands....... D
THOPMaY . v v v s v i tienanrrvransasal
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Sourca! Compliled from official statistica of the U.5. Dapartment of Commercs.
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Table 2.~-U.5. tradae data
Flow! Imports for consumption
a! Customa value
TSUSA commodityt 66410605--Industrial robots, 1ifting
{Thousands of dellary)
! Time perioed! 1984 1 1985 s 1986 ! 1987 [ 1938 1
tPartner ' [ 1 1 ' !
H 1 ] 1 1 13 ]
] 1 ] 1 H t 1
tAugtralia. .. ..o i cesaras! 81 1 12 1 0 0 01 - e
tAustria.. . ... eisasnenanaasl 0 200 : 541 1 9 91
thalgium and Luxembourg........ o 0 0! 206 ¢ 0 0
tBrazil. s iannnas aaaeanaal 2T 0! g9 [ ] Q¢
1Canada..c.viuiea s tarar e t 613 1 1,638 ¢ 1,819 1,008 ! 527 ¢
tDonmarK, .. v v v i e vheah 0 ! 2 25 ¢ 0
1Finland...... D | 160 ¢ 258 1 820 [ 676 1
LI T 7 1 - ok 50 ¢ 87 ! 43 ¢ 368 1,298 1
1Germany, Hest,.........c..... P | 452 791 1 5,239 ¢ 4,720 1 4,636 1
tHong Kong. ..o ivvrivrrrvannnnane ' g [ 0 30 ¢ [
tIreland.t....... e e, t 0 [ [ 202 ¢ 90 1
L - 4 1 3,756 15,276 1 3,269 ¢ 39 1 £
T T 1 T YL 6,275 1 8,866 1 6,782 1 18,225 ¢ 10,120 1 =
tKorea, South........ ... 00uvunt 0! [ g 170 ¢ g &
MaxiCo. . oii i i varaaad 0 : 0 ¢ 21! 0 0
iNetherlands................. ol 7 20 ¢ 12 193 ¢ 25
THOPMAY . v v et st e N 0 9 0! 0 197
T 3 1 16 1 13 ¢ 0! Q¢ 0
T T L ' 27 1 1,563 1 119 ¢ 1,345 ¢ 2,821 1 1
tSwitzorland. ... .. e e rs e | 28 1 636 1 531 ¢ g 343 ¢ &
TFalWan . .o v iieioernraneenans IR 0« 9 1 28 ¢ 49 60
tUnited Kingdom........ veairaanaal - 110 1 589 ¢ 307 ¢ 1,213 1 482 ¢ -
tVanezuala. .o vviurriu s neanaal 0 0! 118 1 0 3 [ ~
e ' 7,918 1 18,240 ¢ 29,895 1 30,825 21,6406 ¢
1 1 ] 1 1 1 ¢ -
Sourca' Complied from offliclal atatistics of the U.5. Department of Commerce. =
Table 2.--U.5. trade data
Flow! Imports for consumption
T‘pot First unit of quantit
TSUSA commodity! GGQIOOSEEEn?ustriaI rozotl. lifting B
! Fima period! 1984 t 1985 1 1936 [ 1987 [ 1938 t
IPartner | | ¢ [ 1 1
1 1 3 H ] | $ =
! 1 ! s 1 t L :
tAustralla............ taseries aal 6 1 g 0 [ s
lAustria........ Crraeraerennas vl 0 LI g 3 5 ¢ o
1Balglum and Luxembourg,........1 0 0 : 5 0 01 -
tBrazil. .o iiiiiiiiiiiaanasalt 1 ¢ 0 0 [ [+ B
Lot T Y N | 14 1 20 23 ¢ 57 1 55 ¢
tPenmark.,....... derasraessarsnsal 01 01 1 2 g
1Finland, .. ovieiininnvarinnneeald 121 1 21 ¢ 40 ¢t 91 51
1France. . .voiioiansnoasrannsnesl 5 1 31 4t 28 1 31
1Garmany, Hest,.,.....oooviureannald 25 1 17 ¢ t18 63 ¢ 85 ¢
lHon? KONg.covvorensanranrornnansd 01 [ 0 31 0
1Ireleand. .. i iiiriiniiinnnaant 0 0 g 4 1 2t
1Ttaly. it 21 €9 1 27 12 ¢ 2 L
L T T ] S 298 1 616 ¢ 526 1 666 ¢ 631 ¢ . -
tKorea, South......vviiuviinnaest [ ] 0 0 1t 01
'HQK‘CCA.-.a--‘-u-vau-onuc------' g1 [ I 11 "I 91 -
tHatharlands. ... .ovviivnnavraansnsf 17 1 51 3 121 6 !
|H°I“Hly...---...r...-.'.......-.’ 0 0 0 01 21
13- 11 P | 11 1t 01 0 ¢ [
LT L T P | 21 101 ¢ 18 1 38 LY
1Suwltzorland. . ioviiiin i nrenaat et 12 ¢ 51 0 12 ¢ :
ITBIMAN . cs v vavenennirirsnrsrnnsslh 0t 15 1 51 53 160 1 =
tUnited Kingdom. .. ovvrvveervanslh 11 ¢ 45 57 98 141
tVanezueld, .o ivsiriiririsiaanast [ 0 1! 0 0
:Horld..-.......................l 505 1 957 1 MZ: 1,040 1,106 1
) . ] | t
Scurce! Complled from officlal statistics of the U.5. Department of Commarca.




Toble 3.~-U.5, trade data
Flow! Importa for consumption
Type! Customs value '
TSUSA commod!ty!: 6785084--Industrial robots, napf
(Thousands of dellars) -
' Tima parfodi 1984 1 1985 1 1984 1 1987 : 1938 :
iPartner t § 1 ] ’
) . t 1 ] : .
] ] [} H I ;
PAustralia............. EEETEES 45 1 g : ‘Dg : ‘;g : ‘gz X
[Balglum and usenbourg. L0l D i 175 | 130 1 i35 1 o !
ac:ngd:'.“.??...........?I.’I.’IZ.’.’Z: 624 1 349 1 1,469 ¢ z.?sg ! 3.003 ¢
L T ] S J 1 Zg : g : 7o ! ¢ .
‘Dominican Republic..,........... ' 0 : 0 - 145 87 1
tFinland, ...... R 378 . 433 ¢ £71 1
Lk 1 LT T | 396 ¢ 229 1,056 | iz 0
IFrench Guiana........ocuena. it 9 a0 : 14,414 1 12,219
sBarmany, Hest..................1 2,493 1 4,185 o190 99 "o
LT 0 : g : g ' 18 e
tHon? Kong. . cviviiiiinnnnnennsst g . 48 1 75 1 0 [
Hradand. .. oooiiii i it : 154 1 257 268 1,132 ¢
tIsrmal. . it 0 202 352 o 5,510 829 1
B T 331 4 L350 1 42,803
] T [ 29,369 1 31,96t ¢ 26,877 : 46, 2 ] -
tordan. . v iiiiis e e o : 4;? : 42 ! 2 .
lﬁﬂfﬂ?' South,...... Firasaeaaas ' 85 : a 0 23 1 0
tHapal.,....., Ceesaee . eeas k i
FHQ:horllnd:...... s aaes t 1!8 : 703 : 71% : Sg : 1'2 X E
LT O 0 0 45 o 24 1 22 4 i
lSln?lPoro......................| ; 17 183 1 01 169 1 F
Shagon DI eeh b sl ! 33 I
tSuitzerland. RN 781 1 592 : 922 : 683 : 9 g :
l;;f?;n.a..................‘....: ‘;? : g , 0 i 0
PThatland, covoivninveeinnnenaros
PP | 282 1 2,321 ¢ 4,148 1 2,748 ¢ 1,202 ¢
:32:}3?.5!??9??::::1:::Z.'......n 56,621 1 45,296 1 43,420 L6870 1 70,375
) $ L : .
Sourcet Complled from official statistics of the U5 Department of Commerca,
Table 3.--U.S. trade dats
Flow: Imports for consumption
TYP.. First unit of quantity
TSUSA commodity! GFBSUB?ﬁal?dustrial robots, napf
' Time period: 1984 ' 1985 1 1986 1 13987 1 1933 :
Partner [l 1 Il : 1 ' e
) r 1 1 3 3 1
] H t t ] ] I
tﬂustrlill‘.....................l 3 2 0 1 3 3 .
!Austr!a........................' 0 0 1 2 71 B
‘Baelgium and Luxembourg,..,,,,..1 [ ] 5 ¢ &t 91 0 ¢
tCanada.........................l 12 ¢ 18 1 25 1 36 1 51 ¢
lDonmark.‘......................l [ 2 0 G 1 11 -
tDominican Republie.,,........ 0 (L] | [ g1 g
IFinland........................2 11 0 1 0 6 ¢t et
tFranco.........................l 7 (3 45 1 [ 22 1
tFranch Sutana.........,......"° 0 0 01 1 g
'Germany, Haat.,..,,...,.....0"" 85 87 1 t75 t93 1 157 ¢
lOraoco.........................l [t ] 0 g 12 1 o
lHun? Kong......................I 0 0 0 21 [
tire and........................3 D 21 1 01 0
llsraol.........................l 0 6 1 T q 1 §
!ltaly..........................l . 18 ¢ 9 22 ¢ 15 ¢ =
!Japan..........................l 1,854 1 1.682 ¢ 1,196 1 2,690 1 1,376
lJordan........................ | [ 3 0 0 0 -
1Koraa, South...,,.. ! 1t 21 ¢ 2 1 | 0 .
‘Hepal . .....v\yus., N 0 : 01 0 1 [
'Hethariands. ..., ' 6 12 ¢ 31 11 0
Horway...,....,... ! 0t [ [ 3] 0 21
tSingapere,....,... L1 0 01 1 ¢ 2 2
Spain, .o N [ 11 21 01 3
lSNodnn.................. ' 58 ¢ 113 21 ¢ 13 ¢ 151 I
=Suitzerllnd.............. [ 6 1 22 17 ¢ 20 ¢ 18 1
Taiwan..,..,.,,........ ' 3 0 2t 0t g1
Thallend,........,.. .. l 21 0 0 [ 0«
tUnited Kingdom,... ... .. .t 35 1 T2 1t 123 ¢ 69 131
: or | R T T 2,082 ¢ 2,871 1,666 : 3,097 1,829 ¢
- H t 1 ] [ ]
Sourcei Complied from officlal statlstTcs of the U S, Department of Commerce,




Table 4.--U.5., trada data
Flow: Imports for consumption

Typet Customs value
TSUSA commodityt 6839005--Industrial robots, welding

(Thousands of dollars)

T e

W GEL

- A o s M M A v o m e e e e

T T R

! Tima period? 1984 t 1985 ! 1936 i 1937 1 1988
tPartneor 1 [ 1 ] 1
1 ] 1 i 1 1
H ] 1 i ] ]
tAustria......... Peveberasaaersal 166 56 1 0 0 1,124
tBalgium and Luxembourg.........t 0 [ [ 81 0
'Brazil...... Phe s a et reseanl 69 1 0 [ 0 0
ICanada.......... seesr et aasarasl 103 1 226 ¢ 1.750 ¢ 791 2,976
LErance. oo tstitaraces PP 751 1 874 ¢ 490 ¢ 43 1 $18
1Germany, Hest, . ... . cc00uvensen ! 10,029 ¢ 14,295 5,141 1 5,620 ¢ 1,908
TItaly, v eu v innnnanas vevaaraaeal 0t 2:,255 ¢ 478 0 147
tJapan..... A A kb a e e W1 32,308 ¢ 48,213 ¢ 52,100 : 49,821 ¢ 41,953
tKoraa, South..... PP g 136 ¢ 88 ¢ 261 0
tNethertands. . ..... 0 vivnvennri! [ 31 1 [ 0
tSweden. . vouu i, vevresarsreanl 159 ! 27 49 1 5,933 ¢ 3,863
tSwitzerland...... versraaranensal 269 ¢ 0t 237 ¢ 173 ¢
1Untted Kingdom..... P | [ ] 22 ¢ 387 ¢ 738 ¢ t10
iYomen (Sana).........oovivrnnnn ! g 213 ¢ 0 [ 0
tHorld,.......... PP waenaan el 63,856 66,348 60,719 ¢ 61,241 ¢ 52,974
i i { 1 t 1
Sourcai  Compiled from offlclal mtatistics of the U.5. Departmant of Commarce.
Yable 4.--U.5, trade dats
Flows Infortn for conaumption
Txpal First unit of qunntltg
TSUSA commodity? 6839005;ﬁén?ustrial robots, welding
' Time pariodi 1984 ' 158% [ 1986 1 1987 [ 1988
tPartner v 1 1 ! !
t 1 ' f U [
1 ] H 1] 1 ]
thustrlia.. . ..o0vivennas e 1 49 1 0 [ 4
tBalgium and Luxembourg.........! 0 0 [ 21 0
tBrazil........c..00u . ' 2 g [ 01 0
1Canada. . .....o0uuu ! 1t 51 15 1 3 9
tFrance......... ' 91 27 ¢ I6 1 2 g
1Garmany, Hast 149 ¢ 242 62 1 35 1 20
1ltaly,....... ] (] 16 1 9 1 [ ] |
1JaPaN. . vy 1 648 1 1,129 1 1,179 1,164 1 940
1Koraa, South..,.. | [ T3 g 1 10 0
1Hathaeriands..... PN ' [ ] | 0 Q¢ ]
T T LT T e | 3 11 g ¢ 107 69
tSuitzerlend. . .ot iiiien el a3 0 L 11 0
tUnited KIngdom. covvvvivrasrnisel 01 11 3 Tt 3
IYamon (Sans). . v .ieuiviinrananrssl g 3t 0 0t 0
tHorld........ Chr et e ensaas ot 824 1 1,433 1 1,299 1,33 ¢ 1,054
1 | ] | ] i !
Sourcat  Compiled from offlelal statlstics of the U.5. Department of Commerce.

it




Table t.--U.5. trade data
Flow! [Imports for consumption
Typet_ Customs value
HS commodity! Total selected commodities
(¥haullnds of dollars)

January-May
1989

' Time pariodt
iPartnaer 1
'

1.

1989
1
)
LT 1327 18 X P N R R
tAustria....
ifelglum....
1Brazil.....
tCanada. ... .
tDenmark . crieae
tFinland. . -
1Frant@.ccovuvaraan
1Garmany, Hest.
tHong Kong,....
tIndi@.covirivinnes
(D £ 1. 1 ¥ S
13 € £ 3 3 PN
Y T R R R
tKoraa, South..

»
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-
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b b - e —Ld

e
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s rararas
T 1 T .
iHetharlands.. ... cocviiiviranns
THOPWAY + s vanessn et sasnsaarssntss
tSan Marino.. oo Ceanaaaes

I3 T T 1.7-T.8 TP Casrararaass
1Spain..... beseeraaraErr ey
ISWEABNM. v ot v ssrssnees sttt stnes
1Switzertand. . v it siii i inas
R £ T L T I I R I T
tUnitad Kingdom........ casastens
tHor g, v v vurtrssaesscisrorasans

-
T OB0:

1
1
]
1
]
H
H
i
1
t
]
t
H
H
el
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1
3
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t
H)
]
1
1
1 10,
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H
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1
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1
Sourca! Complled from official statistics
of the U.5. Dapartment of Commarce. . k
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Table 1.--U.5, trade data
Flow! Imparts for consumption
Type:t First unlt of quantity
HS commodity? Tota%ugoguctnd commoditias

January-Hay
1989 1990

1 Tlma porlod!
tPartner 1
1

1989
1
1
tAustraliasa.......ov.0nt,
tAustria. .. iooinnnne
tBelgium ‘e
tBrazil...ivvivnnnenias
1CANAdE. . v i e
tDemark. .o vi i e !
tFinland......
tFrance. . ...,
iGermany, Hest......
tHong Kong..vvasasae
tIsrael ..., vinineine
L T
L T ¥ T N
tXorea, South.............
tHotherlands.............
THORPMAY s vsvvsvvnnsanrnnas
tSan Marine. ..o e i rennanan
ESINOApPOr®. v o it v ican it
137 -1 1 1 T |
L T L L T |
tSwitzerland, .. covviinrnenenas 1
LT LT T T '
tUnited Kingdom....... o000 t
LT - of
| [
Sourcet CLompiied from official statistics
of the U.S. Dapartment of Commarce.
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Table 2.~-U.5. trade dats
Flow'! Imports for consumption
T¥pal Customs value
HS commedity: 8428900010--Tndustrial
robots for Ifting, hand, load or unload
(Thousands of dollars)
i
' Partnar Time pcriod:, : January-Hay :
: : 1939 : 1989 : 1396
1 N ; - i - -
tAugstralis. ... iiviiiviiianiine, H :
tAustria, ..oiveeas ..............: 62 t 5? : e
tBalglum. . ousiiiiiiii e 1 [ 01 i
:grazél.......................‘.t 103 ¢ 01 1ot :
Denmank[ LI PR R 2nep e
‘Finland.......... I
'grancn........ ................. : ng : az : "423 :
‘Germany, Hest, . ........ o000
Iil'lgn Kzng.?? ..... terasenianans : 2'31!?3 : “g : 1,347 :
Htaly, oo iiiiiiiana, raread 686 : 686 1 1
L T O | » 361 ¢
‘Hetherlands.......... Chaeias vant Zf:gag X "'fg; : 9'073 :
Sweden, ... ..., e r s e e 1 4,727 ¢ 2,559 1 2,226 ¢
15wl tzariand, ..ol llll et 1,418 1 870 : "548
=Ea::ag..i.... .......... saaaa st 4G @ 3 44% :
tunited Kingdom...... SPIFUR | 2,157 1 358 .1 1,58 I
» . . {1 | E
:Horld.....‘ ........ ............: 43,625 : 20,582 : 20,804 @ =
Sourca! Complled from official statistl l
of the U.S5, Department of Commarce, atistics
Table 2.--U.5. trade dats k
Flowt ll‘ortl for consumption B
Typat First unit of quantity o
Hs couﬂod!txl 842890004 0-~Industrial
robots for Iftlnginglgd.lond or unload
d Ti{me period: ' January-Hay s
1Partner ] ' s
1 ¥ 1989 ! 1989 t 19340 $
: 1 ! ' 1
3 1 1 i ' L
tAuStralim . coirrinrieniiarneeand g1 0 1
LAUSEr B, s oviiitrnsrnernvorinssl 2t 1 3! L
Belglum. i ivviiinniessnsrsesanat 0 0 ¢ 2!
LD . DF 71 1 S T 3 01 0
1CaNBAa. . covvsssarenssvarsarnans? 282 105 1 183 1
1DQNMBrK . cavarosasasrsersnssssaal 51 0 01
tFinland. .o vorisanriivcevsriaansnt 3t I 24 1
TErance. cvoverrvassansansnvsnnest 32 3t ¢ 1
1Gardany, West.....cvovivranranse! 346 51 540 ¢
tHong Kong, .. .coovsvanvananrnesal 12 1 0 g
11ta y-c-!;lcllolonncI.IIleli.ll 33 351 2
1JBPBA e sarronassacressssnasnral 971 474 365
tHatherlands. . cciveaivoscorraraadt 131 11 2
SSMOdEN . s v i ssirersrsnrrsanivanld 11 65 1 AT
1Suttzariand. ..oooiieiarereaianat 40 1! I I 8
ITO MBN. s cciiannrrasecssssssnansh 61 1t | (I
tUnited Kingdow,..ovooivvvnaraal! 61 ¢ 21 55
:Horld..........................l 1,981 : 748 1,15 :
) 1
Sourca: Complled from officlal statistics .oF
of the U.35. Departmant of Commerce. : g




Table 3,--U,5, trade dets
Flow: Imports for consumption
Tgpel Customs value
HS commodityt 8479899040-~Industrial robots for multiple uses
{Thoumsands of dollars)

! Time period! ] January=
tPartnar ’ P n t y=Hay
' ! 1989 ! 1989 ' 19990
t ! ] L
] { ] H
tAustrelda. v i i v raenl 10 1 0 1]
1Austria..... Ceestnaaraarsaaas et 355 ¢ 171 1 1,521
tBalgium..cosarsanrvatiararasaral a4 0 152
tCANBdE. c i anrasar st 3,169 1,284 1 849
1DGNMBrK . s s rasrn v ananns ! 107 3 1]
IFPrOnC®. . voarrsnarsrosns ¢ 676 ¢ 42 1 0
tGermany, Hest....... N 7,068 1 3,484 ¢ 3,068
tHong Kong.....vsus 4 2 2 2
tisraal,, . ! 782 1 187 1 289
titaly... . ' 778 1 01 192
tJapan.... v 115,295 ¢ 47,127 ¢+ 22,095
1Koroa, South...... s (L] 0 55
iHethearlands,........ ) 39 1 20
THOPWBY . vov v s .t 1,274 ¢ 592 ¢ t21
tSan Marino.... a 5 ¢ 0 : 1]
1Singapore | 16 1 12 ¢ 0
tSpain..... 1! a 0 208
1SHeden. oo ' 4,400 1 0781 ¢ 2,499
tSwitzerliand. ! 3,044 1,879 @ 527
1TaiWAN o000 o 216 1 1353 ¢ 0
tUnited Kingdem...... ..., ' 550 1 217 507
: 137,767 1 56,846 1 32,404
1 1

tHorld. oo vaceinnesnsnriernine
t

Sourcet' Complled from officlal statlstics

of the 0.5, Department of Commerce.

Table 3.--4.5. trade data

Flow! Imports for conmumptlon
Typat First unit of quantity
HS commodity! 04755990d0——1nd?§5r;al robots for multiple uses

T T I T e

' Time period:
Partner $
1

1929

January-Hay

1929

1990

!

tAustrelia....... .
rAuatrid. . oo
tBalgium. ... Caaae
tCanada. , ..
iDenmark., .
IFranc@..cosvevsvvon
1Garmany, Hest. ... .......
tHong Kong. ... eaavenn
tIsrael..ciorinvans
tTtaly...
tJapan.....
tKoraa, South.
tNetherlands. .
Horway. ooves
tSan Marino..
:Singapore. .
tSpatn....
tSwedan.. .
15uitzerland,
ITAIWM@R . sreaarsorcanan
tUnited Kingdom....
tHorld. v vvevenans e
t

1
13
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Sourcat Complled from official sfatistics

of the U.5. Departmant of Commerce,
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Table §4.--U.5.
Flow! Imports for consumption
Typa: Customs value
HS commadityr 84 9908040--?|rts of industrial robets
: (Thousands of docllars)

trade data

! Time period:
‘Partner

January-Hay

1989

1990

tAustralia. ...
tAustria. . ... st rs e 1
1Belglum, . .viieiiervannns ciaeanl
tCanada. ... voernsrananas TR YEEE
tFinland, oo v i iiiroirinesanaadd
Francl. s s reantrenanrraacas !
tGermany, Hest., . ... ..o vveaedd
TIndY ., s cvvosiiransnancieasrsandl
tlsresel......... S tartassessaa ol
1Ttaly........ Chrers i aens e

1JapPaN. st e ol
1Korea, South. ... vuvvisaenanns t
LT - l
‘Hetherlands,........ eeeaaaaarat
tHOPMAY e vs v i tsvnanarassnsanas t
T T T -1 Lot t
tSedan . i i ra s rrasnst
Switzerland. .. vaniiiniiniian it
tTatuan. oo cvveranrainrsveannoavest
tUnited Klngdom............... ot
lNorld .................. . ....l

ol NS OF ™ LN R e O

47,214

[*£ .

-~
- mN O
P = ONUALE A

W
-
MO A D D= DB ONNNNAD =~ a0

MO Oy =
DGR OO

-
-

1
3
!
3
t
i
|
t
1
1
i
1
1
1
1
H
1
H
1
1
H
H
t
'
1

_ ARG A=Y L0 DHWONUWOoOOO N

WA =LA Ly
e Gk O OF = S0 O8N

-
-

Source! Compiled from offic!al statistics

of the U.,5, Dopartment of Commarce.
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Tablae 2.--U.5, trade dets
Flow: Domestic exporta

Type' F.a.s. value
HS commodity! 8428900010-~-Industrial
robots for Yifting, hand, load or unload
{Thousands of dollars}
: Time perlod! 1 January-May )
‘Partner i 1 1
! ! 1989 1 1989 ' 1990 d
1 1 13 1
1 I' ] t L}
LT 1T =T F P 38 33 0
tAustralia, . voisiviinriareinnanidt A 47 ¢ f1 1
tCanada., . .vvinuen.. . .1 3,792 ¢ 1,583 1 976
Chind. . vvenns 1 363 86 1 178 1
tFranca..... P 1 677 ¢ 13 1 342 1
tGermany, Haest..... o3 344 1 268 364 v
tHong Kong......... 4 [ g t5 1
tIndia,........ RPN [P et 62 o g
L 8 T - T 30 [ 14 1
L 2 ' 138 1 133 1 165 1
L T 181 156 1 84 1
itKorea, South.... i encnnnnnn ! 690 1 6 1 36 1
tHalayBla. . vvuviiivernrvanens et 13 0 4 1
T g T T | 3,535 2,238 1 43 1
tHow Zaaland, ... ovvvvnininraaal 10 10 0
tSingapore..... Se e ¢ 138 ¢ 48 1 17
iSpaln. ... anea ek 232 -] g
tSueden.iavnaans resieas P ' 18 [ ] 13 ¢
1Switzerland. ..o vivnnninions 1 20 1 16 ¢ 0
thnited Kingdom,....... ..o uant 915 ¢ 10 28 1@
tYugoslavia., . .. i, ' 40 ¢ 0 0
tHorld, o ovsii i ennenes PN 1 11,306 @ 4,650 ¢ 2,350 1
S 1 [ ] i
Sourca! Complled from official statistics
of the U.S. Dapartment of Commerca.
Table 2.--U.5, trade dats
Flow! Domestic exports
Typat Flrst unit of quantity

H3 cunnodltyl §428%00010~-Industriai

robots for lftlngiusl?d.load or unload
! Time parled: 1 January-Hay 1
tPartner ' 1 1
¢ it 1949 1 19589 i 990 '
1 I 1 ] 1]
' 1 T 1 '
LT T ' G 1 L 0
tAustrallas a e edara e a s J 30 16 4 11
1Canada, .. erssrtanarariaseaat 221 172 331
tChina.... 36 t g 18 1
L L1 veat t15 ¢ 44 1 16 1
Oermany, Hast, ! 12 1 69 1 81
1Hong Kong ‘e t 0 4 it
tIndla,.. v ' 1 g 01
ilorae . Wt 1 0 f1
titaly.. v H 3 2 14 1
1JBPAN. cevvnnian.s t 16 : 15 ¢ 5
1Korea, South..... ! 8 ¢ L 21
Halaysin......... N 4 1 [ 3
Ly T P | 115 ¢ 55 @ 7
THew Zoaland..,.v.vvvvuven... vaaad { [ 0
1Singapore............ 28 ¢ 7t 18
tSpaln, ....uvuins. 3 0 01
T T 45 1 [ 1
iSwitzerlend......... 14 1 13 @ Q1
tUnited Kingdom....,, 22 1 31 21
tYugoslavia.......... 2 1 0 0
tMorld. . .ovnvniiinan, . 747 410 140 1
t H 5 1

1
Sourcat  Complled from officlial statistics
of the U.5. Dapartwment of Commerce.
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Tau.e §.--U.5. trade date
Flow! Domewstic oxports

F.a.»., valu

Typet ®
HS commed!ty! lQ7¥;03040--P|rts of industrial robots
(Thousand® of dollars)

t Time poriod!
tPartner 1
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January-Hay
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13%0
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Lo T
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L 11 -1
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L - S
tltaly. v s
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tHatherlands............... Ceeas
iNl?erlo......... .....
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Poland. .o vvvviiiininianens

,'Portu? | o
1Republic of South Africa.. ..
tSaud] Arabla. ... viiriivnnrneas
1Singapore. .. ... T sarrerarae
ISP N cs v asnsrestnntonntnnsnnrns
'swﬂdln.....-....---n-.-.-.-.--
tSwitzarfand. .. ..oiiiiiiiiennaes
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LT L P |
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APPENDIX

lICll

INSTALLED ROBOTS IN
SELECTED COUNTRIES
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SURVEY INSTRUMENT




7. Before returning your completed questionnaire, be sure to sign the certification and identify the
verson and a phone number should we need to contact your firm. Return completed questionnaire

»n

Mr. Brad Botwin, Director

Strategic Analysis Division

Office of Industrial Resource Admin.

Room 3878, BXA : A
U.S. Department of Commerce

Washington, D.C. 20230

DEFINITIONS

ESTABRLISHMENT - All facitities in which robots are produced Incindes auxiliary facilitles operatsd in conjuncilon with (whether or not physically
separate from) such prodaction facilities. Does not Include wholly-owned distribution facilities.

FIRM - An individaal proprietorship, partoership, joint venture, assoclation, corporation (including any substdiary corporation in which more than 50
percent of the outstanding votlng stock ie owned), business trusi, cooperalive, irustees in bankrupicy, or rectivers under decree of any court, owning or

confrolling one or more establishments ss defined above.

FRACTICAL CAPACITY - (For purposes of determining capacity utilization In question #1 of Part f1, please consider the following) Sometimes referred lo
as engineering or design capacity, this b the greaiest level of ontput & robot manufscturing establishment can achieve within the framework of a realistic
work pattern. In estimating praciical capacity, take into sccount the following conaideratfons:

1. Under most circumsiances ssgume YOur 1989 product mix. If no produciion took place in 1989 of & particular item or ltems which you have, or will
have the capabliity to produce and can aniicipste receiving orders for in the fulure, include & reasonable quantify as part of your 1989 produoct mix

: sider only the machinery and equipment in place and resdy 1o operate. Do not conshder facilities which have been inoperative for a long period of
and, therefore, require extensive reconditioning before ihey can be made operative.

3. Take Into account the additional downtime for maintenance, repair, or clean-up which would be required as you move from current operations to full

capachty,
4. Do not consider overlime pay, added costs for materials, or other costs to be limiting factors in setling capacity.

5. Although it may be possible to expand plant output by using productive facilities outside of the plant, such as by contracting out subassembly work, do

ot assume the use of such outside facllities Ln greater proportion than has been characteristic of your operaiions.

PRODUCTION WORKERS - Persons, up through the line supervisor tevel, engaged In fabricating processing, assembling, inspecting recelving storing,

handling, packing, warehousing, or shipping. In sddition, persons engsged In supporting acilvities such as maintenance, repair, product development,
auxiliary production for your flrm's own use, record keeping, and other services closely associated with production aperations at yoor firm. Employees above

the working supervisor level are excinded from this Hem.

RESEARCH AND DEVELOPMENT - Research and development includes baske and applied research In {be sciences and in engineering, and design and
development of prolotype producis and processes. For the purposes of this gquestionnaire, research and development includes aciivities carried on by person
irained, eliber formally or by experience, in the physical sclences including related engineering, if the purpose of such actlvity is to do one or more of the

following things:
1. Puuu-plmnedmnhforwhuhdﬁwbetberormuhemnhhalreferenulollpecmc
creatlon of a new product or process, including work required to evalunie possible uses.

application. _

2 Applyexhun;knwbd';elopnbkuinwhodlnme

3. Apply exiating knowledge 1o problems involved in the improvement of m present product or process.

ENGINEERS - Persons engaged in research and development work or production operatlons (hat have at least & four-year coliege education In the physlc'hl

sciences or engineering.

of domestically produced robots shipped by your flrm from 1985-1989 for each equipment category listed for
are included in your end product should aiso be incloded In
should exclude shipments of products produced by other

SHIPMENTS - Repori unit and dollar valoes
“ons In Part IIL. The value of components sourced from other manufscturers that

+ni values. Such shipments should include inter.plant or inira-plani transfers, but
iacturers for resale under your brand name. Do not sdjust for relurned shipmenis.

UNITED STATES - The term "United States” includes the fifty States, Puerio Rico, {he District of Columbls, and the Virgin Islands.
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FORM BXA-0062 U.S. Department of Commerce OMB Approval Not

Bureau of Export Administration Required: less than
10 respondents

NATIONAL SECURITY ASSESSMENT OF
ROBOTICS MANUFACTURERS

THIS REPORT IS REQUIRED BY LAW

Failure to report can result in a maximum fine of $1,000 or imprisonment up to one year, or both.
Information furnished herewith is deemed confidential and will not be published or disclosed except in
accordance with Section 705 of the Defense Production Act of 1950, as amended (50 U.S.C. App. Sec.

2155).

1.

2.

n

GENERAL INSTRUCTIONS

Please complete this questionnaire in its entirety as it applies to U.S. robbotic manufacturing and
related operations. Your response is due by March 23, 1990. The survey has seven parts as

follows:

Part L: FIRM IDENTIFICATION

Part II: PRODUCTION CAPABILITIES AND
FOREIGN DEPENDENCE

Part III: SHIPMENTS AND EXPORTS

Part IV: TECHNOLOGY

Part V: APPLICATIONS AND MARKETS

Part VI: FINANCIAL INFORMATION

Part VI COMPETITIVENESS

Complete Part II separately for each of your establishments that produce robotic equipment in the
United States. Please make photocopies of this section if additional pages are needed.

For Parts I, ITL, IV, V, VI and VII, firms operating more than one establishment may combine the
data for all establishments into a single report. Any necessary comments or explanations should
be supplied in the space provided or on separate sheets attached to this questionnaire. Ensure that
you reference the proper question if you use extra sheets. If any answer is "none", please indicate.

It is not our'desire to impose an unreasonable burden on any respondent, IF INFORMATION IS
NOT READILY AVAILABLE FROM YOUR RECORDS IN EXACTLY THE FORM REQUESTED,
FURNISH ESTIMATES AND DESIGNATE BY THE LETTER "E".

Information furnished in response to this questionnaire will be treated as proprietary and will not
be published or divulged to reveal the operations of individual firms.

Questions related to the questionnaire should be directed to Ms. Rebecca Racosky, Trade and
Industry Analyst, at (202) 377-2322, or Mr. Pat McGibbon, Industry Specialist, at (202) 377-0315,
Department of Commerce.

et

H

TETT

Y




Aan in - 1 CLE

i H TR S sl

A
||

(1s1] asead)
stexoydriad 3 SOTIOSSIDOV

(-739 “jupod-o3-autod ‘paxi})d
wo3sAks ToIUOD

(-39 "onwenaud ‘314129719)
A1ddng Iamod

(-21@ 'jeoLsayds "usiJpuLlAD)

To3uindTUuRKH

HOIIE0d 4d17ddN8 FASNOH-NI
7o138anod ZNANOIHOD agonaoad

\
N

ANEROIROD

dig 03u38 K310

XII'TIONd NOILONQOodd

NOILIONOJ TAJOH

: (topow yowe 103 ebud sTYI JO setdoo eyvw) UOTIVWIOJUT pugmoi1oz oy3z opracad
(ubyezo3 I0 DT3ISeWOP) Tepouw UYowd Iod :gNOIIYD01 INTWKHSITAVISA ONIUALOVAONVH °“8°Q °S

(penur3juod) NOILVYOIAIINIAI W3l I Lyud



PART I. PIRM IDENTIFICATION

1. COMPANY ADDRESS: Please provide the name and address of your
firm or corporate division.

2. PARENT FIRM: If your firm is wholly or partly owned by
another firm, indicate the name and address of the parent firm

and extent of ownership.

Ownership: %

3. BUY/BELL SOLICITATIONS: If your firm has received inquiries
or solicitations from another firm about purchasing or merging
robotics operations; or, if you have offered or solicited bids to
sell these operations in the last year or plan to do so in the
next year, please describe below the circumstances, naming the
firm(s) involved, the parts of your assets in the consideration,
the purchase/selling price offered, and the reason the

solicitation took place.

4. R & D FACILITY: If you have a separate facility(ies) or
building dedicated to robotics research and development, please
provide the facility's address and current number of full time

employees below.

Address: Full Time Employment:

T EE
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PART I. FIRM IDENTIFICATION {(continued)

6. DOMESTIC AND FOREIGN RELATIONSHIPS: 1In the spacs provided
below, please list the joint ventures, partnerships, teaming
efforts, licenses, marketing agreements, or other arrangements
you have associated with your robotics operations with domestic

and foreign firms.

DOMESTIC:
U.B.
Type Relationship Partner's Name Primary Activity
FOREIGN: .
Foreign Primary Purpeose

Type Relationship Partner's Name Country of Relationship

T IER:
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