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PREFACE

On December 1, 1982, on its own motion and in accordance with section
332(b) of the Tariff Act of 1930 (19 U.S.C. 1332 (b)), the United States
International Trade Commission instituted investigation No. 332-149, a
competitive assessment of the U.S. metalworking machine tool industry. This
study examines the factors affecting the present and future international
competitive position of U.S. metalworking machine tool producers. It assesses
the impact of the growing competition from imports on the U.S. metalworking
machine tool industry, explores the related development of further competition
in the industry's overseas markets, and examines the steps that have been and
may be taken to counteract these developments. Notice of the investigation
was given by posting copies of the notice of investigation at the Office of
the Secretary, U.S. International Trade Commission, Washington, D.C., and by
publishing the notice in the Federal Register (47 F.R. 55343, Dec. 8, 1982)

(app. A).

In the course of this investigation, the Commission collected data from
questionnaires sent to 200 producers, 100 importers, and 100 purchasers of
metalworking machine tools. Responses were received from 140 producers, 52
importers, and 57 purchasers. A public hearing in this matter was held on
June 28, 1983, in the Commission's hearing room in Washington, D.C., and
testimony was received from U.S. metalworking machine tool producers, foreign
metalworking machine tool producers, and importers of metalworking machine
tools (app. B). Additionally, information was obtained from published
sources, from questionnaire responses prepared by overseas posts of the U.S.
Department of State, from interviews with corporate executives representing
producers, importers, and purchasers of metalworking machine tools, from the

Commission's files, and from other sources.
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EXECUTIVE SUMMARY

The U.S. machine tool industry is concerned about the decline in its
competitive position in domestic and foreign markets in recent years. During
1977-82, the worldwide machine tool market was characterized by two distinct
trends. First, during 1977 to early 1981, the United States (and most all
major machine-tool-producing countries) experienced a tremendous growth in the
production and use of machine tools following the increased emphasis on
automation in most major manufacturing industries.

Then, as the impact of the recession hit the world machine tool industry
during late 1981 and 1982, U.S. and foreign machine tool production, exports,
and consumption dropped substantially. Although the changes in the world
machine tool industry affected all major machine tool countries, the impact on
the U.S. machine tool industry appeared to be generally more severe than that
on other countries, especially in areas of production, exports, employment,

and capacity utilization.

The major findings of this study are summarized below.

1. Structure of the domestic and foreign industry

o The U.S. machine tool industry is currently the world's second
largest behind Japan.

Until 1981, the United States and West Germany were the world's
leading producers of machine tools; the United States surpassed West
Germany in 1979 to rank first in world machine tool production during
1979-81. The surge in Japan's production of machine tools propelled it
past the Soviet Union in 1979, past West Germany in 1981, and then past
the United States in 1982 into its current position as the leading
machine-tool-producing country, accounting for 17.1 percent of total
world production. The increases in Japan's machine tool production
during 1977-82 were, in part, a result of more than 20 years of
Government intervention in the machine tool industry. During the
growth years 1977-81, U.S. machine tool production, by value, increased
109 percent, and that of Japan increased 200 percent.

o The U.S. machine tool industry is generally composed of smaller and
more specialized producers than that of all other major foreign

competitors except Japan.

The average number of employees per machine tool firm in the United
States was 77 in 1982, the lowest among major machine-tool-producing
countries, with the exception of Spain and Japan. 1In the United
States, the top 10 firms together account for approximately 40 percent
of total employment. Data on Japan's metal-cutting machine tool
employment for 1980 indicate that 1,972 machine tool producers together
employed approximately 37,000 workers in 1982, or an average of 17
employees per firm. The majority of Japanese machine tool producers

employ less than 10 persons. 1Italy's machine tool industry employs ix



an estimated 84 workers per firm; Spain's industry, 61 workers;
Switzerland's industry, 94 workers; and France's industry, 115
workers. The United Kingdom and West Germany have the largest
concentration of workers per firm, with 215 and 225 workers,
respectively. Data are not available for the U.S.S.R.

o Capacity utilization in the U.S. machine tool industry has dropped.
significantly from its pesk in 1979.

Capacity utilization in the U.S. metalworking machine tool industry,
" according to respondents to the Commission's survey, increased from 69
percent in 1977 to 76 percent in 1979, and plummeted to 36 percent by
the end of 1982. At the same time, respondents indicated that capacity
to produce metalworking machine tools increased 15 percent from 1977 to
1982, primarily through the expansion of facilities and purchases of

new equipment.

o Mergers and acquisitions were not significant in number in terms
of total number of firms in the industry during 1977-82, but are
expected to increase in the near future.

There were at least 64 mergers, acquisitions, and purchases of
corporate assets in the U.S. metalworking machine tool industry during
1977-82 and 4 have occurred during January-May 1983. These mergers and
acquisitions have involved principally larger companies acquiring
smaller companies. There has been a trend toward foreign acquisition
of U.S. machine tool companies by manufacturers based in the United
Kingdom, West Germany, and Japan. Antitrust investigations involving
mergers and acquisitions have been minimal.

In public hearings at the Commission regarding the U.S. metalworking
machine tool industry's competitive status, industry representatives
stated that the failure rate for firms in the industry would increase
in the next 6 months, with a number of defunct firms being acquired by

larger companies.

o Expenditures for research and development on machine tools are often
partly supported by Government funds in the United States and
other major producer countries.

The majority of Governments of the top nine countries which
currently export machine tools into the U.S. market have established or
sponsored programs dedicated to machine tool development as opposed to
supporting basic research in the area of manufacturing. Those
countries having dedicated machine tool research facilities include
Japan, Taiwan, and Switzerland, with the West German and Italian
Governments sponsoring machine tool research at universities, often
with industry participation. The United Kingdom sponsors programs in
the area of information systems, which include Flexible Manufacturing



Systems (FMS), Computer-aided design (CAD) and Computer-aided
Manufacture (CAM), and robotics. 1/

The U.S. Government generally funds generic research and development
(R&D) programs in many technologies not directly related to the machine
tool industry, such as materials processing, computer applications, and
electronics. Such R&, however, can be applied to the manufacture of
machine tools or in the product itself. U.S. Government-funded
manufacturing research frequently is concerned with issues in machining
or machine tools. However, the National Bureau of Standards and the
U.S. Air Force fund programs which specifically benefit the machine
tool industry and have direct application in nondefense production.

The U.S. Department of Defense spends approximately $150 million to
$200 million annually (projections for future years are about $300
million annually) for its Manufacturing Technology program, which
indirectly benefits the U.S. machine tool industry. 2/

o Major foreign machine tool producers are more likely to acquire
capital outside the firm than are U.S. producers and, therefore,
have greater access to capital.

Historically, the U.S. machine tool industry has had difficulty in
generating capital. Commission staff research of available documents
and interviews with industry officials indicate that the small size of
most U.S. producers and the cyclical nature of the industry have made
it difficult for machine tool producers to secure external financing,
and that fsw U.S. financial institutions are willing to invest in such
a small, cyclical industry. This situation is reflected in the
debt-to-equity ratios of U.S. firms, which are typically less than 50
percent. Major foreign machine tool producers, on average, have more
financial leverage. For example, Japanese firms typically have
debt-to-equity ratios of 150 percent to over 550 percent, an indication
that the Japanese machine tool companies have easier access to capital
than their U.S. counterparts. Generally, the major European producers
have debt-to-equity ratios that vary between 30 and 120 percent.

o The production and assembly of foreign-designed metalworking machine
tools are increasingly occurring in the United States.

U.S. manufacturers are increasingly producing or assembling
foreign-designed machine tools under license from foreign

1/ FMS consist of one or more computer-controlled machine tools, other
machinery (such as testing and inspecting machines), automated material-
handling systems, and a central computer which controls the other three

elements. CAD/CAM are systems in which computers are used to eliminate

repetitive, time-consuming tasks (such as mathematical calculations of a tool

path through a workpiece), and improve the accuracy and speed with which

design and machining operations may be accomplished.
2/ R. Donnelly, MTAG-81, Proceedings, Thirteenth Annual Tri-Service
Manufacturing Technology Coordination Conference, San Diego, Calif., Nov.

30-Dec. 3, 1981, p. 19.
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manufacturers, and at the same time, foreign manufacturers are
establishing production or assembly facilities in the United States.
Foreign manufacturers are either establishing new facilities or are
acquiring U.S. manufacturers. Most notably, this is occurring among
manufacturers from West Germany, Switzerland, and Japan. European
firms have indicated that production or assembly in the United States
is a reaction to increased Japanese competition in the U.S. market.
The Japanese producers have stated, however, that production in the
U.S. market is a way to minimize the increasingly protectionist mood in
the U.S. machine tool industry. 1In addition, U.S. manufacturers are
increasingly producing foreign-designed machine tools in order to
maintain or expand their market share by augmenting their product line,
mostly with standard, multiuse machine tools.

2. The current U.S. market

o The United States is the largest machine-tool-consuming country;

however, Japan experienced the most significant consumption growth
during 1977-82.

During 1977-82, the United States was the largest consumer of
machine tools in the world; U.S. consumption peaked in 1981 at almost
$5.6 billion, representing a gain of 233 percent over the amount
consumed in 1977, and then fell to $4.4 billion in 1982. During
1977-81, Japanese consumption increased more than 200 percent to
$3.3 billion in 1981 from $1.1 billion in 1977, the most significant
increase of the 10 largest consuming countries.

o Imports of machine tools constitute a growing share of the U.S.
market.

U.S. imports of machine tools increased from $401 million in 1977 to
$1.49 billion in 1981, or by 259 percent, before declining to
$1.3 billion in 1982. During 1977-81, U.S. imports as a share of

apparent consumption grew from 16.7 percent to 26.6 percent, and
increased to 29.5 percent in 1982.

o The import share of domestic consumption of machines tools increased
significantly more in the United States than in any other major
machine-tool-consuming country.

In the United States, imports as a share of domestic consumption
increased to just under 30 percent in 1982 from 17 percent in 1977--a
gain of nearly 13 percentage points. Import penetration was higher in
France (61 percent in 1982) and the United Kingdom (61 percent in
1982), however, the percentage increase in import penetration in the
United States during 1977-82 exceeded that of all other major
machine-tool-consuming countries during that period. Japan's import

penetration, the lowest among major machine-tool-consuming countries,
was only 8 percent in 1982.

Xii
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o The Japanese share of total U.S. imports increased significantly
during 1977-82, partially at the expense of West German and United

Kingdom suppliers.

In 1977, Japan accounted for $105 million, or 26 percent of total
U.S. imports; West Germany accounted for $91 million, or 23 percent of
the total; and the United Kingdom accounted for $446 million, or 11
percent of the total. By 1982, the value of Japanese imports reached
$535 million, or 41 percent of total U.S. imports, whereas imports from
West Germany, valued at $204 million, accounted for only 16 percent,
and those from the United Kingdom dropped to 9 percent of the

total.

o The distributor network in the United States plays an important role
in the sales of off-the-shelf machine tools.

Approximately two-thirds of the value of U.S. machine tool sales is
accounted for by independent distributors. The remainder is marketed
through company-owned distributors, or sold direct. For both U.S.-made
and imported machine tools, highly specialized machines are sold
primarily to the end user directly, whereas off-the-shelf (standard)
machines are sold principally through independent distributors.

3. Factors of competition in the United States

o U.S.-made, standard-type machine tools are perceived by U.S.
purchasers to be of a lesser quality than those of foreign
manufacturers; however, the quality of the specialty U.sS. machine

tools are rated superior.

Product quality entails not only the technology embodied in the
product, but also performance features such as engineering design,
productivity yield, durability, maintenance costs, and energy
efficiency. The Commission's survey of domestic machine tool
purchasers revealed that certain foreign-made machine tools are
generally perceived to be better designed than U.S.-made machine tools,
have higher productivity, and require less maintenance. This appears
to be especially applicable to standardized machines such as lathes and
machining centers. However, U.S.-made machines for specialized
applications for such industries as aerospace, fabricated-metal
products, and transportation, are viewed by purchasers as superior to
their foreign competitors'. A 1982 survey of U.S. purchasers by a
private research group revealed that both specialized and standard
U.S.-made machine tools maintained only a slight edge in engineering
features, compared with foreign-made machine tools.

The average prices of U.S.—made.numerically controlled lathes and
machining centers were well above the average prices for imported
like products, according to respondents to the Commission's survey. i

According to responses of the producers and importers in Commission
questionnaires, importers have a significant advantage in price over



U.S. producers of NC lathes and machining centers. U.S. domestic
shipment prices of NC lathes in 1982 were, on average, $92,714 more
than import shipment prices. U.S. domestic shipment prices of
machining centers in 1982 were, on average, $89,000 above import

shipment prices.

o U.S. machine tool manufacturers generally require longer lead times

for delivery than do major foreign competitors.

The length of the lead time from purchase order date to delivery
appears to be an important factor in a successful machine tool sale,
especially for manufacturers of standardized machines. Machine tool
purchasers in the U.S. market indicate that foreign producers have
gained market share in part because of their ability to provide more

timely delivery.

o U.S. machine tool producers generally provide better after-sales

service on specialty machine tools than do their major foreign
competitors, but U.S. producers are ranked lower in after-sales

service for standard machines.

After-sales service not only affects the reputation of the
distributor (if the product is sold through such a network), but
ultimately the manufacturer as well. This is especially true if the
manufacturer sells directly to the customer. The quality of
after-sales service is reflected in providing spare parts in a timely
manner, implementing warranties and product servicing, communicating
product changes to the customer, and customer training.

According to the Commission's survey of machine tool purchasers, in
the U.S. marketplace, after-sales service for foreign-made standard
machine tools, such as NC lathes and machining centers, appears to be
superior to that for comparable U.S.-made machine tools. After-sales
service for U.S.-made specialty machine tools, however, received a
higher rating from U.S. purchasers than the comparable foreign-made

products.

o Inventories of foreign-built machine tools in the United States have
grown substantially in recent years.

The Commission's survey of U.S. importers of metalworking machine
tools indicated that as of December 1982, there were at least 5,246
foreign-made machine tools in inventory in the United States, and this
figure could have been as high as 12,000 units.

According to a survey by the Japan Machine Tool Builders' Association
in 1982, of the 3,878 numerically controlled (NC) lathes and 2,180
machining centers shipped to the United States in 1981, 2,500 and
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1,000, respectively, were considered to be in inventory. By the end of
1982, estimates of unsold Japanese machine tools in the United States
ranged between 5,000 and 10,000 units, worth up to $500 million. 1In
late 1981 and throughout 1982, when demand for machine tools was
severely depressed, large inventories of foreign-made machine tools led
to price-cutting competition, with manufacturers' discounts of 15

percent being commonplace.

o U.S. manufacturers are competitive in the United States and world
markets with respect to highly specialized machine tools and
somewhat less competitive in the standard-type machine tools.

The U.S. industry is regarded in world markets as the leader in high-
technology machine tools that are designed for highly specialized
operations. Such operations include aircraft component machining,
military equipment machining, special health care equipment machining,
and long assembly line operations such as those found in the automobile
industry. In the standard-type machine tools, such as lathes and
machining centers typically ordered by independent job shops, the U.S.
equipment is perceived to be of lesser quality than that of major
foreign producers, especially Japanese producers.

4. Factors of competition in foreign markets

o The value of U.S. exports of machine tools dropped in recent years as
the U.S. share of the world market declined.

In 1977, U.S. exports of metalworking machine tools were valued at
$452 million, which represented 3.4 percent of world consumption of
machine tools ($13.1 billion). This share of world consumption
remained relatively unchanged through 1980. 1In 1981, U.S. exports were
about $1 billion and represented 4.3 percent of world consumption, and
the U.S. ranked as the third largest exporter of machine tools. The
U.S. share decreased to 3.1 percent in 1982, when U.S. exports were
$623 million and the U.S. fell to the sixth largest exporting country.

o U.S. machine tool manufacturers export considerably less of their
total production than do those in most other major producing

countries.

During 1977-82, the United States exported between 16 and 19
percent of domestic production, making its export-to-production ratio
the second lowest among major machine-tool-exporting countries. Tradi-
tionally, U.S. market demand was sufficient to absorb most of U.S. pro-
duction. Foreign producers could not rely on their rather limited
domestic market to the extent that U.S. producers could. West Germany
consistently exported between 63 and 69 percent of its total production
during 1977-82. Japan's export-to-production ratio ranged between 33
and 43 percent during the same period. Switzerland exported as much as
89 percent of production, the United Kingdom exported as much as 67 per- XV
cent, and Italy exported as much as 60 percent of domestic production.



xvi

o Most major producing machine tool countries enjoy a competitive
advantage over the United States because of labor and input costs

and exchange rates.

Most of the inputs used in the production of machine tools in any
country are purchased from domestic sources. Approximately 60 percent
of the inputs in the machine tool industry are labor, and much of the
remaining 40 percent consists of steel that is typically purchased
domestically. Therefore, the evidence suggests that most foreign
producers of machine tools have enjoyed an increase in competitiveness
vis—-a-vis that of the United States since 1976 because of the
differences in relative inflation rates, labor costs, and changes in

exchange rates. :

o Japan's machine tool productivity has risen to twice that of the

United States and all other major producing countries.

‘Machine tool productivity among major machine-tool-producing
countries increased significantly during 1977-80 (or 1981, depending on
the particular country). Japan's productivity gains during this period
were the most pronounced among major producing countries, growing to
$114,000 worth of production per employee in 1981 from $36,000 per
employee in 1977, reflecting, in part, moves by Japanese producers to
concentrate on mass production of standard-type machining centers and
lathes as opposed to production of specialty machines. U.S.
productivity in machine tools steadily increased, from $29,000 per
employee in 1977 to $53,000 per employee in 1981, representing less
than one-half the productivity of Japan. 1In 1982, U.S. productivity
ranked third among major machine-tool-producing countries behind Japan

and Switzerland.

5. Future markets in the United States and foreign countries.

o Future developments in the U.S. and foreign machine tool
industries will focus on flexible manufacturing systems and

computer—-aided design and manufacturing.

In both the United States and foreign countries, the technological
areas of increasing importance in the machine tool industry will be FMS
and CAD/CAM. When FMS is combined with CAD/CAM, an engineer will be
able to design parts and initiate production of that particular part
almost immediately. The industries which consume machine tools,
particularly the automobile and aerospace industries, have recently
increased their purchase of numerically controlled machine tools as
opposed to conventional types. Total numerically controlled machine
tools in use in the United States increased from about 1 percent of all
machine tools in use in 1976 to 2.2 percent in 1982, with consumption
of NC machine tools equal to approximately 36 percent of total machine
tool consumption in the United States in 1982. Currently, the United
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States lags behind both Japan and Europe in the installation and
application of FMS units; the United States does maintain the lead in
CAD, but lags in the application of CAM. Other areas with important
future applications to machine tools will be lasers, microelectronics,

and computer data-base techniques for controlling manufacturing systems.
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DESCRIPTION AND USES

Machine tools are responsible, directly or indirectly, for almost every
manufactured product. They either produce the machines which produce the
products or they produce the products directly. Machine tools are the only
machines capable of producing other machines, including -other machine tools.
Thus, machine tools are responsible for almost any rise in productivity and
are the standard by which a nation's industrial development and wealth are
measured. Metalworking machine tools constitute the bulk of production and
consumption of machine tools in the United States, as opposed to woodworking

and other types of machine tools.

Metalworking machine tools are machines used for shaping or surface-
working metals, including metallic carbides, "whether by cutting away or
otherwise removing the material or by changing its shape or form without
removing any of it." The term does not include rolling mills and
hand-directed or hand-controlled tools. 1/ Metalworking machine tools are
generally classified as one of two types—-metal-removing or metal-cutting, and
metal-forming. 2/ Metal-removing machine tools are those that "shape or
surface-work metal by removing metal either in the form of chips, dust, swarf,
or similar forms or by spark-erosion, ultrasonic, electrolytic, or other
chipless methods.” Metal-forming machine tools are "metal-working machine
tools other than metal-removing (metal-cutting) machine tools." 3/

Machine tools are power-driven devices designed to cut or form metal
(workpieces) to a specified size and shape within allowable tolerances and
finishes. The cutting or forming of a metal part is accomplished by the
precisely controlled relative movement between the workpiece and a tool. The
workpiece and the tool are generally both mounted on and rigidly supported by
the machine tool, although in large applications, the workpiece may be mounted
externally to the machine, requiring precise movement of the machine.

Five basic types of relative motion are provided by machine tools. The
five types of relative motion are accomplished when: (1) a workpiece is
rotated and the cutting tool is simultaneously fed into the workpiece and
traversed along its length (this is the basic cut performed on a lathe); (2)
there is reciprocation 4/ between a workpiece and the tool (on a planing
machine, the workpiece reciprocates and the tool is fed and traversed, and on
a shaping machine, the workpiece is traversed and the tool is fed and
reciprocated); (3) the workpiece is held stationary while the cutting tool is
rotated and fed (as in drilling); (4) the workpiece is traversed and fed while

1/ As defined in the Tariff Schedules of the United States Annotated

(app. C).
2/ App. D illustrates the types of machine tools in each of the two major

groups.
3/ As defined in the Tariff Schedules of the United States Annotated (app.

C).
4/ Reciprocation refers to the alternate back and forth motion of the
workpiece or tool; feeding is the term applied to motion that tends to deepen
the cut; traversing is the type of motion that exposes new areas of the
workpiece to the tool, broadening the cut.




the cutting tool rotates (milling and grinding operations); and (5) the
workpiece is positioned between opposing tools which move together to strike,
squeeze, or shear the workpiece (as in punching, bending, stamping, forging,

and similar operations).

Metal-removing machine tools include machines for boring, drilling, gear
cutting and finishing, grinding (special-purpose, surface, and tool and cutter
grinding), polishing, lapping, honing, milling, planing, shaping, slotting,
broaching, sawing, filing, turning, threading, and for multiple functions
(machining centers). Metal-forming machine tools include machines for
punching, pressing, shearing, bending, forging, forming, and other special
tasks. In addition to the above-named machine tools, special-purpose and one-
of-a-kind machine tools are produced to meet the special needs of individual

customers.

Hundreds of different operations can be performed by machine tools;
however, areas of application can overlap, and most operations can be
performed by at least three types of machine tools. Under a given set of
circumstances though, only one machine tool will do the best job. Therefore,
an engineer must have a good working knowledge of the various metals to be cut
or formed and the various capabilities of the machine tools available. The
basic operation of the machine tools, the type of material being cut or
formed, the size, shape, tolerance, and finish of the workpiece, and the types
of cutting tools available are all factors which must be considered in the
selection of the proper machine tool for a specific job. '

Machine tools have changed little over the years with respect to their
basic functions of metal cutting and metal forming. What has changed and what
has caused most of the variations in machine tool design and construction are
the methods by which the machine tool motions that enable it to cut and form
metal are controlled. Early machine tools were entirely manually controlled.
However, as component parts of machinery and equipment became more
sophisticated, there developed a need for likewise sophisticated methods of
production. Numerical control (NC) evolved from an electronic control system
that was developed through a program funded by the U.S. Air Force in the late
1940's and early 1950's, and the first commercial NC machine tools appeared on
the market in the mid-1950's. However, it took nearly 20 years for NC machine
tools to gain acceptance. As late as 1976, only 1 percent of all types of
machine tools in use in the United States were NC. 1/ This is not to say that
NC lends itself to all production processes, but NC is the first step toward
computer-aided manufacturing (CAM). The major factors inhibiting the adoption
of NC in its early stages by machine tool purchasers were its price and the
size of the control unit. The development of integrated circuits resulted not
only in a substantial reduction in the size and price of NC units, but also in
simpler operation and reduced programming complexity, faster, more flexible
machine tool control, and the ability to interface computers with the control
unit. Notwithstanding these developments, however, interest in NC machine
tools has not increased significantly--in 1982, in the United States, only
about 2.2 percent of all machine tools in use were NC. 2/ However, the

1/ "The Machines Behind The Machines,”" Iron Age, Aug. 30, 1976, p. 291.
2/ Based on "12th Inventory of Metalworking Equipment, 1976-1978," American 2

Machinist, and industry shipment data for 1979-82, National Machine Tool
Builders' Association.



Department of Commerce reports that about 3.5 percent of the quantity of U.S.
shipments of machine tools in 1982 were NC. 1/ 1In, addition, testimony was
presented at the U.S. International Trade Commission hearing 2/ that indicated
U.S. consumption of NC machine tools in 1982 was 36 percent of the value of
total machine tool consumption that year. Although NC machine tools have
accounted for a relatively small portion of machine tool consumption in the
past, they are the leading edge of technology and are expected to account for
a significant portion of industry output and consumption in the future.

The most important function of numerical control is the accurate
positioning of the tool in relation to the workpiece by means of signals or
commands from a preprogrammed source. The command input to the control unit
is typically in the form of numerical coding on punched paper tape. It can
also be in the form of magnetic tape or punched cards, although these methods
are not commonly used. The punched paper tape is scanned by a reader which
sends signals to a control unit which, in turn, sends instructions to the
stepping motors and drive units for each machine axis that is being
controlled. Machine tools have been designed with up to eight axes
numerically controlled. 1In addition to controlling the axes of motion, NC
functions include selecting the proper tool from a magazine and controlling
the speed and direction of spindle rotation. Numerical control was
instrumental in the development of the machining center, since it was
impossible to control more than two axes of motion simultaneously before the
advent of NC. Numerical control programming can be either point-to-point or
continuous path. Point-to-point programming locates the spindle or workpiece
in one specific relative position after another, without the tool contacting
the workpiece while moving from position to position. Continuous path
programming provides the means for contouring operations since the tool is in
contact with the workpiece as the tool or workpiece or both are moved about

their axes of motion.

Other types of control for machine tools are programmable control (PC),
direct numerical control (DNC), and computer numerical control (CNC).
Programmable control allows the machine tool operator to interrupt the program
at any time and interject another operation or machining sequence. Direct
numerical control is a method by which a common computer directly controls one
or more numerically controlled machine tools. This computer can also be used
to provide information on machine utilization and for production reports.
Computer numerical control systems utilize microcomputers to store machining
programs in read-only memories. The computer is used to augment or replace a
numerical control unit. The advantages of CNC are its adaptability to
different types of machine tools, ease of programming and information
retrieval, and the ability of one computer to simultaneously control two or

more machine tools.

Some basic machining operations which require only one or a few parts are
still most cost effective when performed by a skilled machinist on a manually
controlled machine tool. However, complex machining and accurate reproduction
of a number of similar parts are best accomplished by numerically controlled

machine tools.

1/ U.S. Department of Commerce, Current Industrial Reports, Metalworking 3

Machinery, 1982.
2/ Hearing held before the U.S. International Trade Commission, June 28 and

29, 1983.




THE WORLD INDUSTRY AND WORLD MARKET
World Production

During 1977-80, there was significant growth in world production of
machine tools; the United States and West Germany shared the two top positions
as world producers of metalworking machine tools (fig. 1). West Germany's
machine tool production climbed from $2.64 billion in 1977 to $4.71 billion ‘in
1980, before declining sharply to $3.95 billion in 1981 and $3.5 billion in
1982. U.S. production followed a similar trend; however, unlike that of West
Germany, U.S. production growth was sustained through 1981, and in that year
reached $5.11 billion, up from $2.44 billion in 1977, before plummetting to

$3.62 billion in 1982.

During 1977-81, production by Japan increased greatly, from $1.60
billion, making it the world's fourth largest producer in 1977, to $4.8
billion in 1981, surpassing West Germany and putting it in second place behind
the United States as the leading producer of machine tools. Japan's 1982
production, valued at $3.89 billion, surpassed that of the United States.
Although Japan's production also fell in 1982, it did not fall to the extent
experienced by United States and West German producers. During 1977-81, the
value of U.S. production increased 109 percent, and that of Japan increased
200 percent. Production of machine tools by the Soviet Union, the world's
fourth largest producer during 1977-82, fluctuated between $2.2 billion and

$3.1 billion.

Other important producing countries displaying impressive production
gains during 1977-80 were Italy and the United Kingdom, with growth rates of
97 and 137 percent, respectively. The current world slump in machine tool
production began in 1981 for most countries except the United States and
Japan, which, as mentioned earlier, sustained production growth through 1981.

Total world production increased significantly during 1977-80, from
$15.1 billion in 1977 to $26.7 billion in 1980, or by 77 percent, as shown in

the following tabulation:

Production
Year (billion dollars)
1977 15.1
1978~ 19.1
1979 22.9
1980-- 26.7
1981 26.4
1982 22.7

Reflecting the beginning of the current world slump in machine tool demand,
world production dropped slightly to $26.4 billion in 1981, and then fell more
sharply to $22.7 billion in 1982, or by 14 percent. 1/

4

1/ If adjusted for inflation, the decline in world production in 1981 and
1982 would be much more precipitous.



Figure 1.--Metalworking machine tools: Production, by
specified countries, 1977-82.

Source: Data compiled from various issues of the American Machinist.
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In 1977, the four leading machine-tool-producing countries--West Germany,
the United States, the Soviet Union, and Japan--together accounted for 58.7
percent of total world production (table 1). By 1982, these four countries
had increased their share of world production to 61.3 percent, and the
relative position among these countries had changed considerably. Japan's
share of the world market increased 6.5 percentage points during 1977-82;
conversely, West Germany's world share fell 2 percentage points. U.S.
production of machine tools accounted for 16.1 percent of total world
production in 1977 and the U.S. share of total world production reached 19.3
percent in 1981, before dropping to 15.9 percent in the following year.
Japan's share of world production jumped sharply in 1981 to 18.2 percent,
almost 4 percentage points higher than its share in 1980.

Table 1 .--Metalworking machine tools: Percentage distribution of world
production, by major producing countries, 1977-82

Country oo1977 1978 ° 1979 1980 1981 f 1982
Japan-—————-————————m—m—: 10.6 : 12.3 : 12.6 : 14.3 : 18.2 : 17.1
United States——————————-: 16.1 : 15.8 : 17.7 : 18.0 : 19.3 : 15.9
West Germany-——————=————=: 17.4 : 17.8 : 17.5 : 17.6 : 15.0 : 15.4
U.S.S.R——————mmmm——; 14.6 : 13.9 : 12.7 : 11.5 : 11.1 : 12.9
Italy-——————————— 5.8 : 5.6 : 5.9 : 6.5 : 5.7 : 5.5
East Germany—--—-----——-——- : 4.2 : 3.7 : 3.5 : 3.3 : 3.1 : 3.6
Switzerland—-———————————- : 3.8 : 4.0 : 4.1 : 3.7 : 3.2 : 3.4
United Kingdom————--——--: 3.9 : 4.3 : 4.4 : 5.2 : 3.5 ¢ 3.2
France——~—————————————— : 3.9 : 3.8 : 3.8 : 3.6 : 3.1 : 2.7
Romanig-———————————————-: .8 ¢ 1.5 : 2.0 : 2.2 ¢ 2.4 ¢ 2.7
Peoples Republic of : :

China - 2.4 2.1 1.8 1.6 1.7 : 2.1
Czechoslovakig—————————- : 1.7 1.9 : 1.6 : 1.2 : 1.4 : 1.9
All other—————————————a : 14.8 : 13.3 : 12.4 : 11.3 : 12.3 : 13.6

Total-——————=———m— : 100.0 : 100.0 100.0 100.0 : 100.0 : 100.0

Source: Data compiled from various issues of the American Machinist.




Most other machine-tool-producing countries of note decreased their share
of world production during 1977-82. Such countries include Italy, East
Germany, Switzerland, the United Kingdom, and France, which collectively saw
their share of world production fall from 21.6 percent in 1977 to 18.4 percent
in 1982. Of the lesser world machine tool producers, only Romania
significantly increased its share of world production. Romania's share

increased steadily from 0.8 percent of world production to 2.7 percent in
1982, or by more than 230 percent.

One measure of the importance of machine tool production to national
economies is the ratio of the value of machine tool production to the total
gross national product (GNP). This ratio varies significantly among the major
non-Communist machine-tool-producing countries (fig. 2). For example, the
value of machine tool production in Switzerland reached 0.094 percent of that
country’'s total GNP during 1977-82, the highest such ratio of the major
producing countries. Conversely, machine tool production in the United States
accounted for 0.012 percent of U.S. GNP in 1982. Machine tool production in
West Germany fluctuated between 0.051 and 0.058 percent of GNP during 1977-82,
representing the second highest among major machine tool producers. The value
of Japan's machine tool production to its total GNP reached almost 0.042
percent in 1981 from 0.023 percent in 1977, representing the largest such
growth of all major machine-tool-producing countries.

World Imports

Although annual imports of machine tools by most major importing
countries fluctuated considerably, U.S. import growth during 1977-81 was the
most striking (table 2). U.S. imports grew from $401 million in 1977 to $1.44
billion in 1981, or by 259 percent. U.S. imports fell somewhat in 1982 to
$1.3 billion. The Soviet Union's imports ranged between $803 million (1978)
to $988 million (1980). West Germany's imports of machine tools grew 143
percent during 1977-80, from $320 million in 1977 to $802 million in 1980,
before declining to $514 million in 1982. With few exceptions, most major
importing countries saw their imports increase from 1977 through 1980 or 1981
and decline thereafter, reflecting the general downturn in the worldwide
industrial cycle.

Table 2.--Metalworking machine tools: Imports, by specified countries,
1977-82

(In millions of dollars)

Country f 1977 i 1978 1979 1980 1981 . 1982

United States——==——==—- : 400.9 : 715.3 : 1,043.8 : 1,298.5 1,437.0 1,300.0
U.S.S . R e : 900.0 : 803.0 : 881.0 : 987.8 : 951.9 : 960.0
West Germany——-—=——=——= : 320.4 ¢ 462.0 : 620.9 : 802.1 : 616.4 514.5
France-————————~—-—=-—=: 286.2 : 289.6 : 371.4 554.0 : 566.6 : 484.2
United Kingdom-------: 238.3 : 399.2 : 600.4 : 623.4 : 432.0 385.2
Bulgaria-——=—=——=———=: 35.0 : 25.0 : 23.0 : 24.0 : 267.8 273.0
Austria-—-—~———————=e- : 86.3 : 98.9 : 135.6 : 165.6 : 290.2 : 271.9
Canada—-—-—==-==—---—=: 190.9 : 228.0 : 260.5 : 433.0 : 557.4 : 260.6
Republic of Korea----: 130.0 : 156.0 : 397.6 : 344.3 : 324.5 : 250.0
Japan-———mme——mm e : 87.8 + 119.9 : 164.3 : 229.3 : 215.8 : 228.4
Italy——————==—m=———-=: 187.7 : 194.4 : 255.9 : 379.7 : 300.0 : 221.4
Rep. of South Africa--: 46.0 : 80.5 : 140.5 : 205.7 250.0 : 212.0
Mexico=——mmmmmm—————— 80.0 : 75.0 : 85.0 : 310.0 : 450.0 : 202.0
Romania-----———=----=: 150.0 : 339.0 : 374.1 - 316.9 : 311.5 : 197.5

9 : 217.8 : 243.8 257.5 : 214.6 197.0

East Germany-——-—-=-—=: 173.

Scurce: Data compiled from various issues of the American Machinist.
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Figure 2.--Metalworking machine tools: The value of production of metal-
working machine tools as a share of GNP, by specified countries, 1977-82
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World Exports

West Germany and Japan consistently ranked as the major exporting
countries during 1977-82 (fig. 3). During this period, West Germany's exports
climbed to almost $3.0 billion in 1980 from $1.8 billion in 1977, or by 67
percent. West Germany's exports then declined in each of the next 2 years,
falling to $2.3 billion in 1982. Japan's exports increased steadily during
1977-81, to $1.7 billion in 1981 from $616 million in 1977, or by 176 percent.
Japan's exports fell to $1.3 billion in 1982.

In 1982, the United States ranked sixth as an exporting country, with
exports valued at $640 million. U.S. exports in 1982 represented a decline of
34 percent from the $972 million in exports recorded in 1981--the peak export
year for the United States. During 1977-81, U.S. exports grew by 115 percent
from $452 million in 1977. Other major exporting countries in 1982 were Italy,
($749 million in exports), Switzerland ($680 million), East Germany ($642
million), and the United Kingdom ($490 million). The peak years for exports
during 1977-82 for all major exporting countries were, depending on the
country, either 1980 or 1981.

The level of exports as a share of total production for individual
countries varied considerably. West Germany, for example, exported almost.66
percent of its total production in 1982, and it consistantly exported from 63
to 69 percent of total domestic production during 1977-82 (see fig. 4 for a
comparison of 1977 and 1982 export-to-production ratios). Conversely, during
1977-82, the United States exported between 16 and 19 percent of domestic
production, making its export-to-production ratio the second lowest of major
machine-tool-exporting countries. Japan's export-to-production ratio ranged
from 33 to 43 percent during the same period, and its export share of domestic
production has declined since 1979.

The export market is much more important to most other countries in terms
of total domestic machine tool production than it is for the United States.
Switzerland, for example, exported as much as 89 percent of its production
during 1977-82. East Germany's exports in 1977 reached 93 percent of
production, the United Kingdom exported as much as 67 percent of domestic
production, and Italy exported as much as 60 percent of its production during
1977-82.

Of the major exporting countries, only Japan, Italy, and the United
Kingdom increased their shares of total world exports in 1982 compared with
those of 1977. Japan's share of total world exports increased from 9.5
percent in 1977 to 13.4 percent in 1982 (fig. 5), that of Italy increased to
7.9 from 6.7 percent, and that of the United Kingdom increased slightly to 5.1
percent (1982) from 4.6 percent (1977).

During 1977-82, Japan maintained its position as the world's second
largest machine-tool-exporting country, trailing only West Germany. West
Germany's exports as a share of total world exports declined almost 4
percentage points, from 28.0 percent in 1977 to 24.2 percent in 1982. This
decline coupled with Japan's increase narrowed the gap between the two
countries to 10.8 percentage points in 1982, compared with a gap of 18.5
percentage points in 1977. 9
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Figure 3.--Metalworking machine tools:

Exports, by specified countries,

1978-82.
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Figure 4.--Metalworking machine tools: Exports as a share of domestic
production, by specified sources, 1977 and 1982.
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Figure 5.--Metalworking machine tools: Exports as a share of total
world exports, by specified sources, 1977 and 1982.
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The U.S. share of world exports declined to 6.7 percent in 1982 from 7.0
percent in 1977. The fall in U.S. exports in 1982 is much more pronounced
when considering that it represents a declining share of a declining world
export market. Other countries losing world export shares include East
Germany, Switzerland, and France.

World Consumption

Apparent world consumption of machine tools by the 10 largest consuming
countries increased dramatically to $19.1 billion in 1981, or by 93 percent,
from the $9.9 billion consumed in 1977 (fig. 6). Consumption in these 10
countries dropped to $16.3 billion in 1982. With the exception of 1977, the
United States was the largest consumer of machine tools during 1977-82. U.S.
consumption peaked in 1981 at almost $5.6 billion, representing a gain of 133
percent over that in 1977, and then fell to $4.4 billion in 1982. Japan's
consumption growth was the most significant of the 10 largest consuming
countries. During 1977-81, Japan increased its consumption of machine tools
more than 200 percent, from $1.1 billion in 1977, to $3.3 billion in 1981.
Consumption of the second largest machine-tool-consuming country, the Soviet
Union, fluctuated between $2.8 billion (1977) and $3.8 billion (1980). 1In
1982, the four largest machine-tool-consuming countries, the United States,
the Soviet Union, Japan, and West Germany, together accounted for $8.2 billion
in consumption, or 50 percent of the total consumed by the 10 major countries.

The share of domestic consumption accounted for by imports (commonly
referred to as import penetration) varies widely among major machine-tool-con-
suming nations. For most years during 1977-82, imports accounted for more than
half of domestic machine tool consumption in the Republic of Korea, France, and
the United Kingdom (fig. 7). Among major machine-tool-consuming countries,
the United States, the United Kingdom, and France experienced the greatest
growth in import penetration during 1977-82. 1In the United States, imports as
a share of consumption increased to just under 30 percent in 1982 from almost
17 percent in 1977--a gain of nearly 13 percentage points. Import penetration
in both France and the United Kingdom was 61 percent in 1982, representing
increases of 14 and 15 percentage points, respectively, over 1977 penetration
ratios. 1Italy's and West Germany's import penetration ratio fluctuated
slightly during 1977-82 between 28 and 32 percent. Imports of machine tools
accounted for only 8 percent of Japan's domestic consumption in 1982--the
lowest such ratio of the major machine-tool-consuming countries. During
1977-82, Japan's ratio of imports to consumption peaked in 1980 at just over 9
percent.

Romania's import penetration ratio declined dramatically to 30 percent in
1982 from just over 65 percent in 1977, representing a decline of more than 35
percentage points. The drop in Romania's import penetration is a measure
of the successful development of the Romanian machine tool industry.

Productivity of World Machine Tool Producers

Machine tool productivity among major machine-tool-producing countries
increased significantly during 1977 through 1980 (or 1981, depending on the

13
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Figure 6.--Metalworking machine tools: Consumption, by
specified countries, 1977-82.

Source: Data compiled from various issues of the American Machinist.
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Figure 7.--Metalworking machine tools: Imports as a share of apparent
domestic consumption, by specified countries, 1977-82.

Percent
30
...n‘»‘.
i Republic of Korea
70~ .
‘e .'..' Mol
60
50
404
- West Germany
- USRI TEr TR ceeeen v
30.. L‘-\ - l'o'y g e ’ffs‘
. o'out.\.‘.-..o‘oo"" ’,g
Soviet Union et e e
-———-——”——/”-——\—&"\\
'l"""————‘ T ———
ited States
20 Umt/e(, ‘ China
e /
/
Tt
10+
——— e T -
G G e Gt e G G S — —
Japan N—— e ———
0 1 I 1 1 I 1
1977 1978 1979 1980 1981 1982

Source: Data compiled from warious issues of the American Machinist.
15 .




16

particular country), as shown in table 3. Japan's productivity gains during
1977-82 were the most pronounced among major producing countries, growing to
$114,000 worth of production per employee in 1981 from $36,000 per employee in
1977. 1/ 1In 1981-82, Japan's productivity was more than twice that of its
closest competitors. The principal reason for Japan's productivity gains was
that Japan's machine tool producers concentrated on production of standard-
type machining centers and lathes, and production of such machines was
conducive to assembly line production. Other countries, the United States
included, tended to concentrate on specialty machine tools requiring small
batch production. The productivity of U.S. producers steadily increased from
$29,000 per employee in 1977 to $53,000 per employee in 1981, before declining
to $41,000 per employee in 1982. Productivity in the seven major
non-Communist machine tool producing countries dropped in 1982, reflectlng the
decrease in worldwide demand for machine tools. During 1981-82, the
productivity of U.S. producers dropped by $12,000 per employee and that of
Japan dropped by $22,000 per employee to $92,000.

Table 3 ,--Metalworking machine tools: Value of production per employee
(productivity) for the major, non-Communist producing countries,
1977-82

(In thousands of dollars)

Country * 1977 ¢ 1978 * 1979 ° 1980 © 1981 © 1982
Japan 1/--=--——mmeen : 36 : 62 : 71 89 : 114 : 92
Switzerland—————=~———en . 2/ : 44 . 55 59 : 51 : 48
United States————————-—-: 29 : 34 42 48 53 : 41
Italy-- : 31 : 29 : 37 : 46 42 37
West Germany-—-——--——-———— : 27 : 34 40 : 48 40 : 37
France : 28 : 35 : 44 49 : 43 35
United Kingdom————===—- : 12 : 16 : 20 : 31 : 22 : 19

1/ Productivity data for Japan are based on production of metal-cutting
machine tools only; productivity data for all machine tool production are not
believed to differ significantly from the data shown.

2/ Not available.

Source: Compiled from data provided by the National Machine Tool Builders
Association, American Machinist, and various submissions to the staff of the
U.S. International Trade Commission by interested parties.

1/ Unadjusted for inflation. 1o
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EFFECT OF EXCHANGE RAIES ON THE MACHINE TOOL INDUSTRY

From 1977 to 1982, the value of machine tools imported by the United
States increased from $401 million to $1.3 billion, or by 224 percent. Part
of the sharp increase may be due to the increase in competitiveness that the
products of most countries have enjoyed since 1977 due, in large part, to
changes in the exchange rates as reflected in the price of inputs available to
foreign producers in their domestic market. Exchange-rate changes between the
U.S. dollar and major foreign currencies are discussed in appendix E.

The price advantage that foreign products enjoy in the United States
applies only to those products that are produced using inputs that are priced
in foreign currency. If the price of all inputs are denominated in U.S.
dollars, then no competitive advantage accrues to the foreign producer. 1/

Most of the inputs used in the production of machine tools are purchased
from domestic sources: approximately 60 percent of the inputs in the machine
tool industry are labor, and much of the remaining 40 percent consists of
steel that is purchased domestically. Therefore, the evidence suggests that
most foreign producers of machine tools have enjoyed an increase in
competitiveness in the United States since 1977 because of the differences in
relative inflation rates and changes in exchange rates.

1/ Vage rateé and the cost of labor are nearly always denominated in the
local currency, whereas the price of raw materials is often denomin%ped in
dollars. ‘ I
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THE U.S. INDUSTRY AND MAJOR FOREIGN COMPETITORS

Industry Profiles

United States

The U.S. metalworking machine tool industry has declined both in number
of firms and in employment since 1977. However, industry shipments, imports,
and exports increased from 1977 to 1981 and then decreased in 1982. The
industry has attempted to help itself and has utilized various Government
programs, including trade adjustment assistance and various petitions under
public laws. The U.S. Government funds generic research and development

programs of benefit to the machine tool industry, and particular agencies fund
programs of specific benefit to the machine tool industry.

Industry

In 1982, there were approximately 1,140 establishments producing metal-
working machine tools in the United States, representing a 15-percent drop
from the 1,343 establishments reported in the 1977 Census of Manufactures. 1/
In addition to the primary producers, there are a small, but unknown, number
of establishments, in other industries that manufacture machine tools and
parts as secondary products. Since 1977, there have been significant changes
involving the number of machine tool establishments. Because the number of new
openings is relatively insignificant, compared to the total number of
establishments mergers, acquisitions, consolidations, and closings have
accounted for a decrease in the number of establishments. A total of about
200 establishments have been affected by mergers, acquisitions,
consolidations, or closings since 1977. During 1977-82, there were 64
mergers, acquisitions, and purchases of assets in the metalworking machine
tool industry. These mergers principally involved larger companies acquiring
smaller companies. The number of corporate changes showed an increasing trend
through 1980, but declined in both 1981 and 1982. The following tabulation
shows merger, acquisitions, and asset purchases 2/ data obtained from the

1/ U.S. Department of Commerce and Commission staff interviews with industry
executives. It should be noted that the Bureau of the Census and the National
Machine Tool Builders' Association estimate that only 60 percent of the
reporting establishments produce primarily completed machine tools, whereas
the remaining 40 percent produce primarily only machine tool accessories,
dies, tools, jigs, and fixtures. This implies that the number of
establishments engaged primarily in manufacturing machine tools dropped from
about 800 in 1977 to approximately 600 in 1982.

2/ Includes machine tool builders taking over firms which manufacture
products other than machine tools, but related to machine tool production,
such as electronic controls or machinery. Includes takeovers of machine tool
builders by corporations not in the industry. s
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Federal Trade Commission and various editions of the Yearbook on Corporate
Mergers, Joint Ventures, and Corporate Policy, and other literature:

Number of mergers, acquisitions,

Year and purchases of assets
1977~ 8
1978-- - 7
1979 10
1980 ———————————— e 18
1981 10
1982- 11
1983 (January-May)--——-—- 4

Seven mergers involved foreign firms taking over U.S.-owned firms, and
five involved a U.S.-owned firm acquiring a foreign firm.

In 1978, the Justice Department opposed the merger of the Cross Co. and
Kearney and Trecker; however, this merger was completed in 1979. Other major
acquisitions included Bendix acquiring Warner and Swasey, Ogden Corp.
acquiring Danly Machine Corp., and AMCA International, Inc., (Canada)
acquiring Giddings and Lewis. There is a consensus among manufacturers and
purchasers of metalworking machine tools and industry analysts that mergers,
acquisitions, and closings will accelerate in the 1980's. 1/ 1In response to
the Commission's survey, 18 U.S. firms reported they are 25 percent or more
beneficially owned by foreign entities. 1In addition, 24 U.S. producers
reported that foreign companies have direct investments in their firms, or
participate in joint ventures or licensing arrangements to produce
metalworking machine tools. A total of 50 U.S. producers have direct
investments abroad in foreign affiliates or subsidiaries, or participate in
joint ventures or licensing agreements, according to survey responses.

The average U.S. metalworking machine tool establishment employs 77
persons, of which 48 are production workers. The majority of U.S.
establishments employ fewer than 20 persons and less than 1 percent of the
establishments employ 1,000 or more workers.

Employment in the U.S. metalworking machine tool industry fluctuates with
the cyclical demand for its products. In 1977, when shipments totaled $2.4
billion, there were approximately 84,000 employees in the industry, 53,000 of
whom were production workers. This figure rose dramatically in the ensuing
years to a peak of about 100,000 in 1980, when U.S. shipments totaled
approximately $4.8 billion. Employment in 1982 dropped to 88,000 (55,000
production workers) as shipments fell to pre-1979 levels. 2/ At present,
employment totals approximately 69,000. 3/ The average employment reported by

1/ Commission staff interviews with manufacturers and purchasers in Ohio,
Illinois, and Michigan, and "Foreign Competition Stirs U.S. Toolmakers,"
Business Week, Sept. 1, 1980, pp. 68-70.

2/ Employment figures from U.S. Department of Commerce reports U.S.
Industrial Outlook 1982 and U.S. Industrial Outlook 1983.

3/ Commission staff interviews with machine tool manufacturers revealed that
total employment in the metalworking machine tool industry has been rediced by
as much as 25 percent since December 1982.
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questionnaire respondents followed a similar pattern, increasing from 36,950
in 1977 to 46,169 in 1980, before declining to 34,541 in 1982. Most of the
increase and decrease in employment was reported in the metal-removing machine
tool sector, however, employment in the metal-forming sector also changed, as
shown in table 4. As the employment level drops, a certain number of highly
skilled workers must be terminated. Generally, older, skilled machinists with
tenure are retained, and younger employees are laid off. These younger people
tend to migrate to other jobs and are not available when an upswing in the -
industry occurs. Others new to the industry are then recruited and put
through a training period of 4 or 5 years. Since demand cycles are usually
shorter than training periods, some newly trained machinists are laid off
shortly before or shortly after their training period is completed. The
results are a skilled manpower shortage in the machine tool industry and
difficulty in recruiting qualified people. However, as technology advances
are applied to the manufacturing process, fewer skilled machinists will be
required to efficiently run the production equipment. For example, advances
in numerical control have made it possible for one skilled machinist to run
two or more machine tools, where before, one machinist was required for each
machine tool. The application of new technology in the manufacturing process
will continue to affect employment levels in the industry. Workers will still
be required for the assembly and testing of machine tools; however, they are
most affected by the cyclicality of the industry.

Table 4.--Average number of employees in U.S. establishments producing metal-
working machin2 tools, by major types, 1977-82

Item " 1977 % 1978 % 1979 ¢ 1980 © 1981 1982
Metal-removing machine : : : . : :
tools -: 31,087 : 34,310 : 37,087 : 39,467 : 38,778 : 30,378
Metal-forming machine : : ) : : : :
tools—— : 5,863 : 6,392 : 6,868 : 6,702 : 6,073 : 4,163
All metalworking machine : : : : : :
tools : 36,950 : 40,702 : 43,955 : 46,169 : 44,851 : 34,541

Source: Compiled from data submitted in response to questionnaires of the
U.S. International Trade Commission.

20
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Wages paid to machine tool industry production workers have increased
from approximately $6.33 per hour in January 1977 to about $10.00 per hour in
October 1982, the last month for which data are available. 1/ Production
workers' wages in the machine tool industry have generally been above those of
production workers in durable-goods industries, although motor-vehicle,
transportation equipment, and aircraft industry production workers have
maintained a 10- to 30-percent edge over machine tool production workers since
1977. 2/ Respondents to the Commission's survey reported man-hours worked -
increased from 1977 to 1980 and decreased in 1981 and 1982. Wages paid were
reported to increase from 1977 to 1981 and decrease in 1982, as illustrated in
table 5.

Table 5.--Man-hours worked by and wages pald to U.S. production and related
workers producing metalworking machine tools, by major types, 1977-82

Item “ 1977 Y 1978 Y 1979 Y 1980 G 1981 1982

Man-hours (1,000 hours)

Metal-removing machine : : : : : :
tools—- . 45,9]3 . 53,796 . 59,370 ., 63,168 , 58,537 . 39,588

Metal-forming machine : : : : : :
tools . 8,839 . 9,962.. 10,561 , 9,792 . 9,360 ., 5,555
Total 54,812 : 63.758 : 69,931 : 72,960 : 68,329 : 45,143

Wages (1,000 dollars)

Metal-removing machine : : : : : :
tools :346,376 :420,077 ;438,538 .567,750 .589,882 . 426,042

Metal-forming machine : : : : : :
tools : 68,708 : 83,094 : 95,101 . 98,393 :.102,729 . 70,250
Total :415,084 .503,171 .533,639 :666,143 ;692,611 . 496,292

Source: Compiled from data submitted in response to questionnaires of the
U.S. International Trade Commission.

1/ U.S. Department of Labor, Bureau of Labor Statistics, "Employment and
Earnings February 1978" and "Employment and Earnings December 1982,"
2/ Ibid.
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The major users of machine tools, transportation equipment producers, are
concentrated predominantly in the East North Central region, and the largest
share of machine tool production is also in that area. The major producing
States for metalworking machine tools are Ohio, Michigan, and Illinois, which
together accounted for approximately 54 percent of production, according to
the 1977 Census of Manufactures, the latest available source.

U.S. shipments of metalworking machine tools, as reported by the
Department of Commerce, increased from $2.5 billion in 1977 to $5.1 billion in
1981, and decreased substantially to $3.7 billion in 1982. 1/ 1In response to
the Commission's questionnaire, U.S. producers reported that total shipments
increased from $1.6 billion in 1977 to $3.4 billion in 1981, and decreased to
$2.5 billion in 1982. As indicated in table 6, domestic shipments increased
from $1.4 billion in 1977 to $3.0 billion in 1981, and decreased to $2.3
billion in 1982.

Table 6.--Metalworking machine tools: U.S. producers' domestic shipments,
by major types, 1977-82

Ttem “ 1977 7 1978 0 1979 © 1980 - 1981 - 1982

. o . .

Quantity (units)

Metal-removing : : : :
machine tools—--: 28,538 : 31,708 : 35,804 : 35,877 : 34,796 : 18,855

Metal-forming : : : : : :
machine tools——-: 5,037 : 5,657 : 6,035 : 4,955 3,464 : 2,302

Total-———————- : 33,575 : 37,365 : 41,839 40,832 : 38,260 : 21,157
: Value (1,000 dollars)

Metal-removing : : : : :
machine tools---:1,216,905 :1,604,255 :2,007,257 :2,447,553 :2,699,357

: 2,067,749

Metal-forming : : : : . :
machine tools---:_ 202,699 : 273,823 : 331,207 : 358,649 : 315,999 : 206,250
Total———-————- :1,419,604 :1,878,078 :2,338,464 :2,806,202 :3,015,356 : 2,273,999

. .

Source: Compiled from data submitted in response to questionnaires of the U.S.
International Trade Commission.

During 1977-80, U.S. manufacturers' shipments of NC lathes and machining
centers grew at an average annual rate of 32.5 and 21.1 percent,
respectively. However, during 1980-82, manufacturers' shipments decreased
roughly at an average annual rate of 26.3 percent for NC lathes. 1In contrast,
shipments of machining centers decreased by 2 percent in 1981 and by 39
percent in 1982. Table 7 depicts U.S. Department of Commerce data and 14
respondents’' data submitted in response to Commission questionnaires for
domestic shipments of NC lathes and machining centers for 1977-82.

1/ Obtained from official statistics of the U.S. Department of Commerce. 22
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Table 7.--Metalworking machine tools: U.S. producérs' domestic shipments
of numerically controlled lathes and machining centers, 1977-82

‘Numerically controlled lathes’ Machining centers
Year : - ) -
Quantity | Value Quantity Value
Million Million
Units : dollars Units : dollars

Commerce data: : : :
1977 1/-——————- : 1,178 : 195.3 : 1,201 : 175.0
1978 1/~——————-: 1,464 : 237.2 : 1,486 : 246.0
1979 : 2,362 : 347.7 : 1,953 : 356.5
1980-—————————- - 2,739 : 481.2 : 2,132 : 413.0
1981 —————————— : 2,021 : 441.4 : 2,081 : 482.6
1982————————~ —_ 1,489 : 333.4 : 1,264 338.8

Commission ques- : : : :

tionnaire

~ data: : : : :
1977 ————————— - 996 : 165.8 : 611 : 74.5
1978 : 1,213 : 203.3 : 724 : 98.7
1979 : 1,755 274.5 : 1,005 : 154.5
1980-———————na—— : . 2,183 : 399.2 : 1,193 : 189.3
1981l————————— : 1,792 : 440.5 : 1,229 : 222.5
8 756 : 167.9

1982~ e : 1,317 : 340.

.

1/ Data compiled from the National Machine

Tool Builders' Association,

Economic Handbook of the Machine Tool Industry, 1982 and 1983, pp. 100 and 101.

Source: Compiled from official statistics
Commerce and from data submitted in response

of the U.S. Department of
to questionnaires of the U.S.

International Trade Commission, except as noted.

Table 8 shows U.S. producers' export shipments of NC lathes and machining

centers for 1977-82.

23



24

Table 8.--Metalworking machine tools: U.S. producers' exports of
numerically controlled lathes and machining ce<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>