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PREFACE

On June 28, 1985, the United States International Trade Commission
instituted investigation No. 332-216, Competitive ‘Assessment of the U.S.
Forging Industry. The investigation, conducted under section 332(g) of the
Tariff Act of 1930, is in response to a request from the United States Trade
Representative, at the direction of the President (app. A). This study
examines the competitive position of the U.S. forging industry in domestic and
world markets. The study also includes an overview of the U.S. forging
industry, together with a detailed analysis of selected key products 1/ that
are important to the U.S. forging industry and are representative of major
segments of the industry in terms of the manufacturing process, import
competition, marketing, and its financial condition.

Notice of this investigation was given by posting copies of the notice at
the Office of the Secretary, U.S. International Trade Commission, Washington,
DC, and by publishing the notice in the Federal Register (50 F.R. 28293 and 50
F.R. 32777) (app. B).

A public hearing in connection with this investigation was held in the
Commission's hearing room on January 21, 1986, and testimony was received from
U.S. producers and foreign producers of forged products (app. C).

In the course of this investigation, the Commission compiled data and
information from questionnaires received from 136 producers, 56 importers, and
68 purchasers of forged products. The questionnaires were mailed to all known
producers, importers, and purchasers of the products covered in the study.
This listing was derived from previous Commission investigations, the Forging
Industry Association, Custom's Importer File, and individual firms in the
forging industry. U.S. producers responding to the questionnaires accounted
for over 70 percent of total industry shipments 2/ during 1981-84. 1In
addition, data provided by producers in the nine selected products represented
an estimated 40 to 90 percent of their respective industry shipments. The
Commission also received questionnaire responses from most major importers and
purchasers of all forged products. Actual data as reported by respondents are
used throughout the report; however, shipments, exports, and imports in the
nine individual product categories were projected to the industry universe
based upon discussions with domestic and foreign industry sources, data
supplied in response to Commission questionnaires, and available Census data.
Finally, information was gathered from various public and private sources,
from U.S. embassies and consulates, and from interviews with both domestic and
foreign producers, importers, and purchasers of forged products, as well as
from public data gathered in other Commission studies.

1/ The products covered include forged steel crankshafts, forged steel
connecting rods, forged steel undercarriage components, forged steel axles and
spindles, steering arms and knuckles, forged steel valves and valve bodies,
forged steel fittings and flanges, forged steel transmission parts, forged
steel hooks, shackles, loadbinders, and other attachments, and forged metal
turbine rotor and generator components.

2/ Total industry shipments compiled from official statistics of the U.S.
Department of Commerce.
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The information and analysis in this report are for the purpose of this
report only. UNothing in this report should be construed to indicate how the
Commission would find in an investigation conducted under other statutory
authority covering the same or similar matter.
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EXECUTIVE SUMMARY

The U.S. forging industry is composed of some 400 forges, which produce a
variety of ferrous and nonferrous forgings for aerospace, automotive, power
generation and marine equipment, and many other applications. The manufacture
of forgings involves processes that shape, refine, and improve the mechanical
properties of metals by subjecting them to impact or pressure. This study.
assesses trends from the perspective of the steel, aluminum, and other forged
products (e.g., titanium) segments of the industry, followed by a detailed
analysis of nine key products.

While the use of forged products is widespread, the health of the
industry is most closely related to conditions in the automotive,
construction, agricultural, and aerospace markets. In recent years, the
industry has faced a contraction in demand and an erosion of its competitive
position in domestic and foreign markets. Given the diversity of products
produced and the fact that many forgings are traded as components of engines
and other assemblies, the industry has not been able to assess the level of
import penetration in the U.S. market accurately.

This report examines the competitive position of the U.S. forging
industry and its foreign competitors on a country—by—country and
product-by-product basis. The assessment, which is based on questionnaire
responses by producers, importers, and purchasers of forged products, and
Commission staff interviews with both domestic and foreign industry officials, -
examines industry structural factors and product characteristics which are
generally considered to provide the basis of market leadership. There were 15
significant areas of cost, technology, marketing, and government involvement
included in the structural assessment (see tables 29 and 30, pages 44 and 45);
whereas 11 product-associated criteria, ranging from price/exchange rates,
tooling costs, and engineering assistance to delivery time, supplier
relationships, and performance features were considered (see tables 79 and 80,
pages 103 and 104). Statistical highlights are presented in table A. The
principal findings of this study are summarized below: .

World Market

o Production in 10 major countries of ferrous and nonferrous drop
forgings, which represent about 70 to 80 percent of the forgings
manufactured in most major producing countries, declined by 12 percent
during 1981-82 from 4.4 to 3.9 million tons.  After a further decline
in 1983, production is believed to have increased in 1984 as worldwide
industrial activity recovered from the recession; production in 1984,
however, was probably still significantly below the 1981 level.

XXl
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o Japan is one the world's largest producers of these forgings,
accounting for 1.4 million tons or 37 percent of identified world
production in 1982. The United States and West Germany are also
major producers, accounting for 17 and 20 percent, respectively, of
1982 production. Other principal world producers include the Soviet
Union, reputed by industry sources 1/ to be the world's largest
producer (no production data are available), the Republic of Korea
(Korea), Brazil, Italy, and the United Kingdom.

U.S. Market and the Domestic Industry

o During 1981-84, the U.S. .economy outperformed the market for forgings.
While the U.S. Gross National Product (GNP) increased by 25 percent
(and the durable goods component of GNP by 24 percent), consumption
of the nine forged products profiled in this study increased overall
by 1 percent to an estimated $2.5 billion. Markets for the products
not specifically profiled in this study are believed to have
experienced a more limited degree of turnaround as growth in industrial
machinery demand, which is relatively more important for the other
products, lagged behind that of the automotive and related industries.
The overall increase in consumption is largely attributable to the
recovery in the automotive and construction markets.

o Improvement in market conditions was not matched by domestic
shipments, which fell overall by 18 percent to $3.1 billion (shipments
of profiled products fell by 10 percent). The decline in shipments
contributed to weakened financial conditions in the domestic
industry. The ratio of net profits to sales fell from 9.9 to 5.9
percent during 1981-84, while capital expenditures and research and
development spending fell from 6.8 to 5.5 percent of sales.

o Financial performance differed markedly, however, among major types of
forgings and their end markets. 1In 1984, the return on sales of
forged steel products, which are shipped principally to the automotive
and bus and truck industries (which experienced increasing returns on
sales during 1981-84), was 3.8 percent. The return on aluminum
forgings (which are shipped principally to the aerospace industry) was
a negative 1.2 percent, far below those of the automotive and
aerospace industries. Throughout the period these two forged products
segments were far outperformed by the higher-valued “other" forgings
(such as titanium and nickel-based superalloys), which are used
primarily in aerospace applications. The return on sales in this
segment was 16.3 percent in 1984, down from a period high of 22.1
percent in 1983, but still several times higher than that of its major
market, the aerospace industry.

1/ Interviews with domestic forgers by USITC staff, December 1985.
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Reported capacity by the steel sector declined by 3 percent during
1981-84 to 3.1 million tons of product, whereas capacity in the
aluminum and other forged products sectors increased by 17 and 15
percent, respectively, in anticipation of growing demand in the
aerospace and defense-related industries by four forges located in
California. Reported production declined by 15 percent to 1.6 million
tons during 1981-84. Industry employment of production workers fell
by 21 percent to 30,118 workers during 1981-84, reflecting both
improved productivity and production declines.

-Imports

Imports of the nine forged products profiled in the study increased by
57 percent during 1981-84 to $607 million, which is more than double
the 24-percent increase experienced by the United States in imports of
durable goods and services. This resulted in an increase in import
penetration from 15.6 to 24.3 percent. Import penetration was highest
in crankshafts (55 percent in 1984) and fittings and flanges (44
percent), and lowest in turbine rotors (9 percent) and axles and
‘spindles, steering arms and knuckles (15 percent) (see table 47, pages
75-77).

Industry Structural Factors of Competition

Raw materials and labor costs are the two largest cost components in
the forging industry. To the extent that foreign forging industries
are similar to the U.S. industry in terms of use of these two inputs,
it would appear that U.S. producers are at a significant cost
disadvantage in these two areas. The recent decline in the dollar,
however, has undoubtedly narrowed the disadvantage.

With respect to raw materials, U.S. producers account for substantial
shares of the U.S. market for steel, aluminum, and other metals, such
as titanium. It would appear that foreign prices of steel and
titanium have been gsubstantially below domestic prices (ranging from
20 to 36 percent for steel (1985 prices) and 36 to 58 percent for
titanium (1983 prices)), while a relatively small premium may have
been paid for aluminum. These three metals account for about 40
percent, 30 to 35 percent, and 45 to 55 percent of typical steel,
aluminum, and titanium forgings, respectively.

With regard to labor, labor costs account for over 29 percent of
forged steel costs and over 25 percent of forged nonferrous costs
(based on the U.S. input-output model). Wage rates in the industry
exceeded those for all U.S. manufacturing by about 60 percent in each
of the years during 1981-84, when the rates rose from $14.73 to $15.67
per hour. Data suggest that total foreign labor costs (i.e.,
including benefits) were 10 to 87 percent below U.S. costs in 1983.
All other things equal, these lower labor costs would translate into
foreign production cost advantages of 3 to 25 percent for steel and 3
to 22 percent for nonferrous forgings.
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Technology is an important factor affecting competitiveness in the
forging industry. Discussions with forging officials suggest that
current technological developments in the aenospacg sector, such as
precision or near-net-shape forging, could represent the leading
technological edge for the forging industry as a whole. Although U.S.
forgers appear to be somewhat ahead of the rest of the world in
aerospace forging technology, they are, at best, about equal in other
forging sectors.

The same technology is available to both U.S. and foreign forgers, but
some domestic and foreign forgers believe that many U.S. forgers are
not utilizing much of the more modern equipment. This reflects the
U.S. industry's inability to generate profits sufficient to fund
increased investment in plant and equipment. One of the most
important technological developments in recent years has been the
incorporation of computer-aided design and manufacturing processes
(CAD-CAM). The expense of CAD-CAM processes has limited its
implementation thus far to the larger domestic and foreign forgers.

U.S. producers, when evaluating their competitive position on a
product-by-product basis, indicated that marketing factors such as
distribution and market response were comparable factors among both
U.S. and foreign industries in only four segments out of nine. One
explanation for these results could be that foreign producers are
increasingly warehousing their products without charge at locations
close to U.S. purchasers. U.S. producers also indicated that foreign
industries have an advantage in raw materials, capital, -and labor
costs (see above references) and in most government-related factors
such as nontariff barriers and research and development support.

On a country-by-country basis, U.S. producers generally rated domestic
and foreign producers of forged products as comparable overall. The
producers indicated that although many foreign industries allegedly
benefited from government involvement (that is, the existence of
subsidies, higher tariff levels, and nontariff barriers to imports),
the U.S. and foreign industries were considered comparable with
respect to production technology and foreign government regulations
which increase costs. U.S. producers considered themselves at a
disadvantage when competing with the Japanese forging industry,
particularly in the areas of cost-related factors and government
involvement. U.S. producers assessed themselves as on an equal
footing with the other foreign industries (Taiwan, Korea, Brazil, West
Germany, Italy, and Canada) principally because of marketing factors,
production technology, and fuel costs. : :

Product-Related Factors of nggetiéion

on a product-by-product basis, U.S. produceésfand im@&rters
of forged products agreed that foreign producers were at an advantage
in the U.S. market in seven product categories. Domestic producers
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considered both the U.S. and foreign industries as equally competitive
in two product lines--forged steel hooks, shackles, loadbinders, and
other attachments; and metal turbine rotor and generator
components—-whereas U.§. importers judged the foreign producers as
having the competitive advantage in hooks and domestic producers, an
advantage in rotors. The advantages accorded foreign-produced
forgings by both U.S. producers and importers were concentrated in
cost areas, such as priecing, favorable exchange rates, and the cost of
tooling and dies. Of these items, price was cited by purchasers as
the most important factor influencing their foreign purchases. The
principal factor influencing U.S. purchasers' decisions to buy
domestic forgings was their shorter delivery time.

o On a country-by-country basis, U.S. producers accorded all foreign
producers (Taiwan, Japan, Korea, Brazil, West Germany, Italy, the
United Kingdom, and Canada) as having an overall competitive advantage
in the U.S. market, with importers following suit in all but two
cases. In these two instances, domestic forgers were considered to be
equally competitive with the United Kingdom and as having an overall
advantage over Canadian forgers.

0 With respect to U.S. exports of forged products, U.S. producers
exporting to foreign markets indicated that all eight countries
evaluated had a competitive advantage in foreign markets, principally
because of price-related factors such as lower prices, cost of
tooling/dies, and favorable terms of sale and exchange rates.

0 With respect to barriers to U.S. exports, U.S. producers of
forged products cited 22 different quantitative restrictions,
nontariff charges, and government regulations and standards as placing
them at a disadvantage in principal foreign markets. Respondents most
frequently cited: (a) exchange and other monetary controls; (b)
foreign government subsidies and other aids to. industry; (c) local
content requirements, and (d) foreign government laws and practices
that discourage imports. The countries most frequently alleged to be
involved in such restrictive practices include the United Kingdom,
Canada, France, Japan, and Mexico.

Implications of the Forging Industry's Competitive Pogition
The U.S. industry

o U.S. producers of forged products are responding to competitive
conditions in U.S. and foreign markets by lowering prices, initiating
cost-reduction programs, and reducing production. These actions could
lead to an eventual streamlining of the U.S. industry, wherein a few
large, highly automated firms dominate high volume work, certain
med ium-sized forges focus on specialized work, and a number of small
firms survive as jobbers. These firms would likely need to become
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. more assertive in the application of new technology and the innovation

Related

(o]

of product design to remain competitive--thereby altering the largely
reactive nature of the industry. Furthermore, the U.S. industry is
facing increased competition from European and other foreign '
competitors, some of whom have increased production capacity and
targeted the U.S. market as part of a deliberate marketing strategy.
Foreign exchange rates, however, will likely be an important factor
affecting the degree and speed at which import competition intensifies
or abates. The significant decline in the value of the dollar in
recent months, for example, has undoubtedly narrowed cost
disadvantages in certain areas, putting the industry on a more cost
competitive basis with major foreign suppliers.

In addition to direct import competition, the U.S. forging industry
faces challenges in other areas which could have implications for the
industry. For example, U.S. purchasers have changed sourcing patterns
to enhance their market position. The automotive and construction
machinery industries have begun to import finished assemblies
incorporating forgings in order to become more price competitive with
imports of finished products (such as automobiles). Moreover, the
forging industry is facing increased competition from cast products;
substitution is expected to increase in the automotive sector as
advances are made in casting and ceramics. ‘

The aerospace sector, which has been fortified by increased defense
equipment expenditures, remains a stabilizing influence in the
industry, particularly for the aluminum and other forged products
sectors. Research and development expenditures for a variety of new
manufacturing methods, new materials, and a broadening of end-use
applications improve the outlook for continuing changes in products
and production techniques.

In summary, the outlook for the U.S. industry .is dominated by the
general level of U.S. economic activity and by prospects for the
automotive and aerospace industries in particular. Fluctuating sales
of domestic autos, increased production in the United States by
foreign automotive firms, and intensifying competition from substitute
materials and imports of complete forged components and autos
incorporating forged articles leave the near-term outlook for sales to
the automotive market uncertain.

industries and the U.S. economy

Oonly a few industries are significantly affected by changes in the
output of forgings. The supplying industries most affected by changes
in the output of forgings are iron and ferroalloy ores mining and
electrometallurgical products. WNo other industries directly or
indirectly supply more than 4 percent of their own industry output to
the makers of forgings. This implies that no others besides those
listed above would experience more than a 2-percent drop in production
if the output of forgings were reduced by one-half.
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0 Output of forgings in the United States amounts to less than 0.1
percent of GNP. Under these circumstances any reduction in U.S.
production of forgings caused by increased imports would have a very
small impact on overall U.S. production.
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OVERVIEW OF THE U.S. FORGING INDUSTRY

Industry Structure

There are three principal markets for domestically made forged products:
(1) small to medium sized, low-value forgings produced primarily for the motor
vehicle, construction, agricultural, and manufacturing markets; (2) large,
relatively low-value forgings produced for the shipbuilding, rail, and heavy
industrial markets; and (3) high-value forgings manufactured for the aerospace
and power-generating equipment sector. 1/ Although there is some overlap in
these three sectors and there are additional products/markets that the forging
industry supplies, these three market segments represent the vast majority of
the uses for forged products. The principal raw material utilized to produce
small to large low-value forgings is steel; whereas aerospace and
power-generating equipment forgings use mostly aluminum, titanium, or other
lightweight, more exotic metals in the manufacturing process.

The principal products forged for the motor vehicle, agricultural, and
construction industries are crankshafts and connecting rods for internal
combustion engines; gears, shifter forks and levers, shafts, and other parts
for manual and automatic transmissions; and suspension parts, such as knuckles
and steering arms. Other principal low-value forgings used by U.S. industry
include steel valves and valve bodies; steel fittings and flanges; hooks,
shackles, loadbinders, and other lifting or material-handling attachments; and
forged hand tools such as large wrenches and hammers. In addition to
crankshafts, connecting rods, and transmission and suspension parts, the
construction industry also uses forged steel undercarriage components in
crawler-mounted tractors. The parts of a crawler tractor that are normally
forged are rollers, links, and segments. Most heavy forgings consist of very
large crankshafts and connecting rods used in large marine, locomotive,
ordnance, and industrial internal-combustion engines. Forgings for the third -
market segment consist mostly of parts for turbine engines and airframe and
landing gear assemblies for aircraft and main rotor shafts for power-
generation equipment.

The production processes utilized by the forging industry in producing ‘
low-value forgings (using steel as the principal raw material) and high-value
products (using more expensive metals, such as aluminum and titanium) are
quite similar. For example, aerospace turbines, automotive crankshafts, and
crawler-mounted undercarriage components may be produced in the same forging
facility since the same hammers or presses are often used to manufacture all
three products. Although the independent production processes are similar in
many respects, the practice of many forging companies is to specialize in low-
or high-value forgings and produce each in separate plant facilities since
each is a separate market.

1/ A typical motor-vehicle forged part would have a value of less than $1
per pound, while most forgings used by the aerospace industry would be valued
at over $10 per pound.



An important factor affecting both domestic and foreign forgers is the
increased competition from the casting (or foundry) industry. 1/ Many
mechanical components such as certain types of crankshafts and transmission
parts were formerly forged, but due to improvements in casting technology
during the last S to 10 years and their generally lower cost, these parts are
now cast. A representative of a large Italian forging operation stated that
the firm lost a major contract in 1984 for a six-cylinder forged crankshaft
and expects to lose the contract for a large forged, eight-cylinder crankshaft.
within the next 2 to 5 years when the engine manufacturer will change to a
cast crankshaft. 2/ In addition to competition from the casting industry,
representatives of the largest crankshaft manufacturer in West Germany predict
that ceramics and plastics could become strong competitors of the forging
industry but practical applications for most ceramic and plastic components
are 10 to 20 years in the future. 3/

Since a major percentage of total shipments of forged products are used
by the motor vehicle and aerospace industries, the trends in production,
shipments, sales, and profits (or loss) tend to follow economic developments
in these two industries. Because some forgers specialize in only one market
segment (for example, automotive, construction, or aerospace), each may follow
a somewhat different pattern. For example, forgers that specialized in
automotive forgings in the early 1980's were affected by the decrease in
demand for autos, trucks, and buses; but forgers that produced primarily for
the aerospace industry were able to capitalize on the rapid defense build-up
during the period 1980-84. Also, European Community (EC) forgers were not
affected by the slowdown in EC demand for heavy-truck forgings nearly as much
as U.S. heavy-truck forgers, because a much higher percentage of EC heavy
trucks and corresponding forgings were exported worldwide. 4/ Since the U.S.
truck producers export few heavy trucks and components (except to Canada),
U.S. forgers supplying the domestic truck industry were more heavily impacted.

Manufacturing Process

The manufacture of forged products is a process whereby metal is shaped
under impact or pressure to produce a desired shape with improved mechanical
properties. This process is carried out by several basic forging methods (all
of which are fundamentally related to hammering and pressing); the choice of
method is determined by the quantity of parts to be produced, the
characteristics of the material, and the configuration to be formed.

After forging stock (typically bars and billets) arrives at the forge
plant, a sample is often sent to the laboratory for examination to ensure
proper grain structure, fiber formation, and cleanliness. Stock is then cut

1/ This information was conveyed to the USITC staff repeatedly by both
domestic and foreign forgers and industry association officials.

2/ Interview with the general manager of Teksid, Hot and Cold Forging
Division, Turin, Italy, Nov. 26, 1985.

3/ Interview with officials of Gerlach Werke GMBH, Homburg, SAAR, West
Germany, Nov. 18, 1985.

4/ Interview with officials of the Industrial Association of German Forges,
Nov. 19, 1985.
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to lengths of 6 to 8 feet by either shearing or cutting by power hacksaws,
automatic circular sawing machines, band saws or abrasive wheel cutoff
machines.

Although there have been new developments in cold forging, materials to
be forged are typically heated to temperature ranges conducive to shaping.
Principal methods of heating stock include electric or fuel-fired furnaces,
electrical induction or resistance processes, or by special gas burning
techniques; the choice of method is often determined by factors such as the
forging temperature required for a particular material and the availability of
various fuels. 1/

A new set of dies is typically released after die proofs of the final
impression have been approved by the customer and the forging engineer. An
operations sheet is then issued which describes the sequence of forging
operations to be used, recommended stock size, number of pieces on the initial
order, and target dates for production. The dies are then installed, heated,
and forged with a sample piece of stock. The piece is inspected and checked
for defects; if no corrections are necessary, production begins.

In a typical sequence, stock is delivered from the furnace where
preliminary hot working proportions the metal. Using the operation of the
hammer as an illustration, the stock is hot worked in successive blows, thus
forcing the workpiece to flow into and fill the blocking impressions in the
dies. Flash is produced and appears as flat, unformed metal around the edge
of the product. The exact shape of each product is obtained by the impact of
several additional blows of the hammer that force the stock to completely fill
every part of the finishing impression. Finally, the flash is removed from
the forging with trim dies in a mechanical press or by sawing and grinding.

Depending on customer requirements, many impression die forgings produced
by hot forging methods are heat treated after completion of final forging
operations and before machining and end use. The range of heat treating
facilities includes equipment for normalizing, annealing, hardening with
either water or oil quench, and tempering.

As a result of the high temperatures required for forging and heat
treating, forgings produced from most materials acquire a thin coating of
scale; it is generally necessary to remove scale before further processing is
performed (e.g., machining, plating, painting or coating). Cleaning is
typically accomplished by blast cleaning, tumbling, and pickling.

After heat treating and cleaning, finishing operations (e.g., coining,
and straightening) are performed cold and consist primarily of minor
dimensional corrections. Coining is performed in a press whereby extremely
close tolerances can be met; manual or mechanized straightening corrects the
warping that can occur during trimming, heat treating, cleaning, or handling
operations. Finally, the forging is given a final inspection and prepared for
shipment.

1/ Interview with Gerlach-Werke GMBH, Homburg, West Germﬁny, Nov. 18, 1985.



Hammer and press forging

Over the years, forging hammers have been the most widely used type of
equipment for impression die forging. The three basic types of forging
hammers operate on the same basic principle- a heavy ram containing the upper
die is raised and is driven or allowed to fall on the workpiece which is
placed on the bottom die. These hammers are classified by the method used to
raise the ram, i.e., board hammers, air-lift hammers, and steam hammers.
Other types include counterblow hammers and helve and trip hammers.

Forging presses comprise the second type of basic forging equipment
employed in impression die forging and are classified according to the means
used to deliver energy to the workpiece. Mechanical forging presses provide a
fixed stroke; hydraulic presses have a variable stroke that can be adjusted to
selected speeds, pressures, and dwell times. In contrast to the hammer, the
material is typically struck only once in a die impression, thus the design of
each impression is critical, and operator skill is less important. 1/

Impression die forging

Inmpression die forging accounts for the bulk of commercial forging
production. In a simple illustration of impression die forging, a round or
rectangular workpiece is placed in a lower die, where it is formed into the
desired shape as the top and bottom dies are brought together. At the same
time, a small portion of material begins to flow outside the die impressions,
forming flash. The flash cools quickly and presents resistance to the forming
process, thus aiding the flow of the material into parts of the impressions
previously unfilled.

Although the terms are often used interchangeably, the method known as
closed die forging is a special form of impression die forging that does not
depend on the formation of flash to fill the die completely. 1In closed die
forging, the material is shaped in a cavity with virtually no escape of excess
material. Closed die forging is very demanding with respect to die design-
i.e., since pressing is typically completed in one stroke, careful control of
workpiece volume is necessary to achieve complete filling without creating
abnormal pressures in the dies from overfilling. In addition, another
potential problem is the trapping of gas and lubricant, thus die vents
are often necessary to prevent excessive pressure buildup.

Open die forging

Open die forging is differentiated from impression die and closed die
forging in that the material is never completely confined as it is being
formed by the dies. The open die process is typically associated with large
parts such as shafts, sleeves, and disks; however, weights of parts can range
from 5 to 100,000 pounds.

1/ Interview with Jung and Sohn, Halver, West Germany, Nov. 20, 1985,



Open die forgings are produced on flat dies, round swaging dies, and V
dies; materials range from carbon, alloy, stainless, and tool steels to
aluminum, titanium, and nickel-based alloys. As the workpiece is hammered or
pressed, it is manipulated between the lower and upper dies until hot working
forces the metal to final forged dimensions. Because this is not a precise
process, the skill of the forging master in changing the positioning of the
workpiece is very important; furthermore, the workpiece often cools below its
hot-working temperature and must be reheated several times before final forged
dimensions are achieved.

The workpiece then moves to heat treating and rough machining. At this
time, it is important to establish accurate centers for mounting large items
in the lathe; i.e., the as-forged shape is never perfectly round nor entirely
straight, hence, precise lathe centers aid in achieving accurate, final,
rough-machined dimensions.

Precision forging

Precision die forgings are distinguished from other forgings principally
by their more detailed geometric features and closer dimensional tolerances.
These types of products are most commonly manufactured from light metals, such
as aluminum and titanium (e.g., for aerospace applications) in which weight,
strength, and special design are important factors as well as price and
delivery.

Precision forging produces a finished part that requires little or no
preheating, descaling, lubrication, or machining. These advantages must be
evaluated with respect to the relative economies of additional operations and
tooling, thus precision forging is typically limited to high-quality
applicationms.

Cold forging

Cold forging involves either impression die forging or closed die forging
with lubricant and circular dies at room temperature. Carbon and standard
alloy steels are most frequently used; parts are generally symmetrical and
typically under 25 pounds in weight.

Cold forging efficiently uses raw materials by producing precision shapes
that require few finishing operations. Closed die impressions and
extrusion-type metal flow yield close-tolerance components; furthermore,
production rates are very high with long die life.

Ring rolling

Seamless rolled rings are produced in nuﬁerous cross-sectional shapes,
ranging from several inches to over 20 feet in diameter. Rings can range in
weight from one pound to over 20,000 pounds. Rolled rings are typically used



in gears, couplings, rotor spacers, and components for pressure vessels and
valves.

Seamless rolled rings are produced on different equipment, which is often
modified by individual producers to meet customer specifications. Manufacture
of a rolled ring requires the production by means of a press or hammer of a
doughnut-shaped forging from a cut-to-weight billet. The pancaked stock is
then prepunched and preformed, punched and restruck, then placed over the
idler roll of the rolling mill. By applying pressure to the wall as the ring
rotates, the outside diameter and inside diameter are gradually expanded.

Production Technology

Aerospace

Discussions with forging industry officials suggest that current
technological developments in the aersospace sector could represent the
leading technological edge for the future of the forging industry as a whole.
In general, the greatest advances have been in the areas of materials and
precision forging processes, The aerospace forging industry, noted to be at
the forefront of high technology applications 1/, is widely considered to be
free from import competition because of this technological superiority.
Aerospace forging technology, based on information obtained from domestic and
foreign forging industry officials, is discussed below.

Currently, forgings are utilized in three main areas of an aircraft: the
engine; the landing gear; and the fuselage and tail assembly. These are areas
in which a high degree of metal strength and reliability are necessary for the
aircraft's operation. In an engine, the critical rotating parts are always
forged, including the turbine, rotor, rings, and certain disks, shafts and
blades. The fuel nozzle supports and hot-gas manifolds are also forged,
because of the need for high temperature resistance. Landing gear
manufacturers indicate that every major member of an airplane‘'s landing gear
system is made from forged steel because of the need for strength and
durability. The main structural portions of the fuselage and tail assembly
utilize forgings for wing and engine attachment and support, as well as for
control surface fittings. Additionally, a large number of parts for missiles
and expendable and reuseable launch vehicles require forged components.
Precise product specifications are common characteristics of all of the
aerospace forgings described in this section.

Industry sources indicate that some of the machinery used by the aircraft
forging industry is almost 30 years old; with many of the heavy presses built
under Department of Defense contracts in the 1950°'s being used to produce many
of these forgings. Recently, however, additional heavy presses have been
added to expand the capacity to produce large, conventionally forged aircraft
parts. Improved forging presses, utilizing advanced CAD/CAM processes, have

1/ statement of Richard Steele, Ladish Company, at the public hearing,
Jan. 21, 1986, p. 44.



been installed by only a few forgers. 1/ New machinery to accomodate the
exotic materials and “superalloys" utilized by this industry sector have also
been installed. Electronic feedback mechanisms are being used, to a limited
extent, to provide more precise control of presses, rolling mills, and other
forming equipment. 2/

Raw materials utilized by the aerospace forging industry must be of
"aircraft quality"” and procedures in the manufacture of the forged components
must be closely controlled in order to meet rigid aeronautical requirements. 3/
Aluminum, titanium, steel, or combinations thereof comprise most of the
materials used in aircraft forgings. These parts, when used in static
applications, are normally conventionally forged, using either cold or hot
dies. In aircraft engine applications, because of the high temperatures
involved and the need for strength and oxidation resistance, "superalloys" and
powdered metals are commonly used for rotating parts. The term “superalloy"”
is generally used in reference to a complex, solid-state nickel- or iron-based
alloy, further strengthened by a precipitation-hardening process. These
alloys include the INCO (International Nickel Company) series, Astroloy,
Waspaloy, Merle 76, and the Rene series of alloys. In 1981, approximately
10 percent of an aircraft engine‘'s weight was accounted for by superalloys.
However, superalloys represent almost 70 percent of the weight of the new
high-thrust engines currently under development. 4/ Intense interest from the
forging industry has also accelerated the production timetable for light-
weight aluminum-lithium alloys to be forged for aerospace applications. 5/

Because of the use of aerospace strategic metals and their cost,
isothermal and near isothermal forging processes are frequently utilized to
manufacture aircraft engine parts. Industry sources indicate that in
isothermal forging, the die is heated to the same temperature as the material
to be formed and the processing is very slowly performed in a positive
pressure chamber, with an inert gas (usually argon or nitrogen), or in a
vacuum. The vacuum or inert gas atmosphere is necessary because the
refractory metal dies needed to forge some aerospace alloys would oxidize
rapidly in a normal atmosphere. This method allows a very precise (near net)
forging to be produced, as the heat loss during processing is reduced, which
improves the plastic deformation of the material during forming, resulting in
very little unacceptable material that must be machined off. 6/ Near

1/ "Forging Industry Pushes Improved Productivity Across a Wide Front:
Through Partial Automation, Materials Improvements, Die-Making Gains and
Better Process Controls,” Forging Industry Association News Release, Jan. 29,
1986.

2/ "Six Technical Trends In Forging Reflect Industry's Continuing Stress on
Improvements, Cost-Cutting Production Techniques and New Materials
Development,'” Forging Industry Association News Release, Dec. 4, 1984.

3/ Forging Industry Association and the American Society for Metals, Forging
Handbook, 1985, p. 275.

4/ Data provided by the Forging Industry Association, January 1986.

5/ Op. cit., Forging Industry Association News Release, Dec. 4, 1984.

6/ John McKeough, "Forging Savings," American Metal Market - Aerospace
Metals & Machines, Mar. 15, 1982, and statement of Paul Haussman, Wyman-Gordon
Corp., at the public hearing, Jan. 21, 1986, p. 41.’



isothermal forging, sometimes referred to as hot die forging, is a process in
which the die system is heated to within approximately 200 degrees
(Fareinheit) of the material temperature. The forging process is then
performed in atmospheric conditions, using nickel-based alloy dies. 1/
Isothermal and near-isothermal forgings offer several advantages over
conventional forgings, including substantial materials savings and reduced
machining costs, as well as reduced forging pressures and, in many cases, the
replacement of multiple die operations with a single die. 2/ Impression die
forging is the method most commonly used for nonengine aerospace forgings.
Conventionally forged aircraft parts are characterized by excellent tensile
strength and ductility but only modest fracture toughness. 3/ It is important
to note, however, that industry officials assert that the material and forging
methods used for airframe and engine parts vary considerably, depending on the
aerospace manufacturer and the end use. Often, a combination of materials
and/or processes is used to obtain the necessary grain structure and forging
strength. ‘

Advanced machinery for material processing has also been utilized for
aerospace forgings. Hot isostatic pressing (HIP) is one of the newer
superalloy powder consolidation processes. The powder metal is placed inside
the HIP facility, heated, and subjected to pressure, which consolidates the
powder. For some applications, hot isostatically pressed and heated parts can
be used "as is."” However, most often the HIP facility is utilized to produce
superalloy powder preform shapes for subsequent hot die or isothermal
forging. 4/

In recent years, efforts directed toward advanced and more cost-effective
techniques for forging aerospace components have focused on precision or near
net shape forgings. Advancements in state-of-the-art near net shape
technology, sponsored by the Air Force Materials Laboratory and MANTECH
programs, have resulted in significant product improvements. 5/ These
advanced processes require expensive die materials, equipment, and preforms.
Computer simulation has also recently been used to reduce costs and improve
efficiency. This simulation allows the process designer to modify the die and
preform geometry on the computer in order to obtain the desired metal flow
(before the dies and preforms are prepared), and also lowers manufacturing
costs and shortens lead times. 6/

1/ Ibid.

2/ "Forging Materials: Titanium Alloys," Forging Topics, 1979, p. 7.

3/ 1bid.

4/ “"Forging Materials: Superalloys Powder Metals," Forging Topics, 1981,
p. 10.

5/ Sanjay N. Shah and John McKeough, "Status of Near Net Shape Forging For
Major Aerospace Applications,” Technical paper for the American Society of
Manufacturing Engineers, presented at the Near Net Shapes-I Conference,
September 1982.

6/ s.I. Oh, J.J. Park, S. Kobayashi, and T. Altan, "Application of FEM
Modeling to Simulate Metal Flow in Forging A Titanium Alloy Engine Disk,"
technical paper for the American Society of Mechanical Engineers, 1983, p. 1.
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In some cases, large investment castings have replaced forgings in
aerospace structural parts. Castings are now challenging wrought items in
such areas as jet engine compressor shroud rings and vanes, and in selected
rotating disc applications. 1/ Industry sources note that as casting
techniques are improved, resulting in more consistent quality, a larger amount
of aircraft assemblies will be made from castings to reduce cost. Cast
structures are expected to be used in primary aircraft structural applications
in 5 years and could replace 30 percent of current aircraft forging
applications in 10 years. 2/ Also, the increased usage of composites (kevlar,
graphite-expoxy, and glass-fibre reinforced plastics) and diffusion bonding,
in order to reduce weight and increase fuel efficiency, have led to a minor
decrease in metal forgings in secondary structural applications. However,
"because of the complex nature of airframe and engine design, and the long lead
times involved, these substitutions have occurred only to a small extent. 3/
Industry sources note that in areas where there is a critical need for
strength, durability, and/or high temperature resistance, there are few
current substitutes for forgings. In this regard, research is being performed
in the use of ceramics. In February 1986, the National Bureau of Standards,
in cooperation with the U.S. Energy Department and research organizations in
West Germany and Sweden, is developing an international consensus on
standardized ceramic material for advanced engine hot sections. 4/ Industry
sources indicate, however, that this technology is believed to be at least a
decade away from commercial application.

Other sectors

The basic technology in all forging sectors other than aerospace has
changed little in the last decade. This applies not only to the U.S. forging
industry, but also to forging industries throughout the world. For example,
many of the hammers currently in use are over 20-years old, yet the
productivity levels of these hammers are, for certain forgings, just as high
as newer hammers or presses less than 2-years old.

Although presses are more productive than hammers on most higher volume
forgings, the basic technology of a press has also changed little during the
last decade. For example, a forge shop may use a press to produce a large
number of crankshafts for an original equipment diesel engine manufacturer,
but as a result of the very large investment needed for a new press, the shop
will utilize an older hammer to produce low volume forgings for the same
customer. ’

1/ Edward Argo, "Castings Now Challenge Wrought Aerospace Items," American
Metal Market, Sept. 5, 1985. '

2/ Harry E. Chandler, "Emerging Trends in Aerospace Materials and Processes,"
Metal Progress, April 1984, pp. 23-24.

3/ The Analytic Sciences Corp., for the Federal Emergency Management Agency,
Cost Effective Options to Enhance U.S. Industries Mobilization Potential,
Sept. 28, 1984, pp. 5-39.

4/ "Industry Observer," Aviation Week & Space Technology, Feb. 3.-1986,
p. 13. .
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Most of the improvements in forging technologies have not been the
hammers or presses themselves but improvements in raw materials, die making,
material handling, computer-aided processing, and other auxiliary equipment
and processes. One of the most significant technology developments in
worldwide forging operations during the last 5 to 10 years has been the
incorporation of computer-aided-design and -manufacturing (CAD-CAM)
processes. 1/ According to discussions with U.S. and European forging
companies, CAD-CAM is now only being used principally by the largest forgers.
During the Commission's hearing, a representative of the domestic industry
testified that CAD/CAM is currently widespread throughout his company and that
there is great interest within the industry. As a result of heavy startup
costs, however, CAD/CAM is currently limited to the larger forgers, as the
cost of entry is a major barrier for some of the smaller companies.

Computer-aided-design systems have been used principally to aid in the
design and production of the dies used in the hammers and presses in both the
United States and in foreign countries. One of the major expenses of the
forging process is the cost of tooling and designing dies. 2/ Formerly, a die
design would require days or weeks to develop, and would also require a series
of drawings by the designer. With the new system, a designer can use a
computer which projects the image on a screen and make minor design
alterations in minutes instead of days. Thus, the forger can not only
decrease the cost of developing a new die, but also respond to customer
requests for new dies or minor changes to the old dies much more rapidly.

Robots are used almost exclusively for material handling in forging
plants. For example, many workers who previously manually moved large
forgings, such as truck crankshafts from a preform operation to a press and
then to a trimming press, have been replaced by robots. Therefore, it appears
that robots are currently used only in large forge shops that produce limited
products in high volumes. Robots, like presses, often cannot be justified
when there are low production runs of many divergent size products.

The use of micro-alloyed steel has been a major development in raw
material technology. Micro-alloyed steels are carbon steels with low content
of vanadium, niob, or nitrogen. 3/ By using micro-alloyed steel, a forging is
not required to be heat-treated after it cools, but is subject to controlled
cooling directly out of the press. This results in increased mechanical
properties and fatigue strength to a level that formerly could be achieved
only with additional heat treating. Micro-alloyed steel was developed in
Europe and is used very little in the United States. This type of steel is
used rather extensively by some European forgers because their customers
request it, but according to one U.S. forger, very few U.S. customers request
it. 4/ The principal reason for not using micro-alloyed steel in the United

1/ Hearing before the U.S. International Trade Commission, Jan. 21, 1986,
PP. 46-47.

2/ Posthearing brief submitted by Justin M. McCarthy, Manager of Harketing,
Unit Drop Forge Company, Jan. 24, 1986, p. 2.

3/ Publication from Gerlach—ﬂerke GMBH, Homburg (SAAR), West Germany.

4/ Hearing before the U.S. International Trade Commission, Jan. 21, 1986,
p. 55. .
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States appears to be its very high cost to the forgers. This additional cost
would have to be passed on to the customers, thus any savings realized by not
heat treating the forging would be more than offset by the higher material
costs. 1/ .

Some of the other developments in the forging sector that have affected
technology are flashless preforms, near-net shape, and precision forging. All
of these techniques have the ultimate goal of reducing the amount of final
machining of the forged product. The closer a rough forging is to the final
shape used by the ultimate consumer, the less additional work, such as
machining and polishing, needs to be done. Since these processes are labor
intensive, it is to the benefit of the high-labor cost countries to forge the
product as close as possible to the final shape. Based on conversations with
both large and small forgers located in Europe, it appears as though both
European and Japanese forgers have an advantage over domestic forgers in
producing near-net shape or precision forgings in the low-value area. 2/

In addition to the previously mentioned developments, the U.S. and
foreign forging industries are both using statistical process/quality control
methods, the latest numerically controlled machinery, and conducting various
types of studies regarding new material usuage. In joint efforts with
material suppliers, U.S. forgers are currently studying ladle metallurgy,
desulfurization, inclusion-shape control, and rare earth addition. 3/ 1In
Europe, energy costs are relatively high, and forgers there have worked to
reduce energy usuage by using zone induction heating and furnaces with
automated control of the temperature and gas mixture. Many European forgers
now use mostly induction heating equipment, but they also heat-treat using

formerly wasted forging heat and utilize reciprocative or regenerative heat
recovery methods.

The World Market

International demand for all forged products is dependent on the level of
business activity in transportation, construction, and other industrial
sectors. The economic downturn of these industries during 1982-83 adversely
affected the level of output of the world's forging manufacturers.

Drop-forging 4/ production in 10 major countries reflected the
significant impact of the recession, particularly in the United States. Drop-
forging production declined by 12 percent (544,600 tons) in 1982 to 3.9
million tons, the greatest portion (308,200 tons) of which was absorbed by the
U.S. industry (table 1). World drop-forging production is believed to have
resumed an upward trend in 1984 as a result of the economic recovery
experienced by many end markets, but probably never attained the 1981

1/ Ibid.
2/ Interviews with foreign forgers by USITC staff, November 1985.

3/ Post hearing brief submitted by the Forging Industry Association, Jan.
29, 1986, p. 8.

4/ Drop-hammer manufacturing method.
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production level. Drop- forging production is believed to account for 70 to
80 percent of total forgings production in most major producing countries.

Japan is one of the leading world producers of ferrous and nonferrous
drop forgings, with 1.5 and 1.4 million tons of production in 1981 and 1982,
respectively, representing 35 and 37 percent, respectively, of reported world
production. Japanese drop forging production is believed to have risen
slightly in 1984,

The United States is also a major world producer of drop forgings,
producing 867,900 tons in 1984. The recession of 1982-83 appears to have
affected the U.S. forging industry to a greater extent than those of the other
countries exhibited in figure 1, since U.S. production of drop forgings
declined by 35 percent during 1981-83 to 612,200 tons compared with a range of
1 to 25 percent for other producing countries.

West German production of drop forgings fell by 8 percent during 1981-83
to 727,700 short tons before increasing in 1984 to an estimated 743,000 tons.
West Germany was the third largest producer of drop forgings in 1984. Other
principal world producers include the Soviet Union, reputed to be the world's
largest producer (no production data are available), Korea, Brazil, Italy, and
the United Kingdom.

Comparable data for other segments of the world forging industry, such as
open die production, are not available. As indicated earlier, the other
segments of the industry are believed to represent only 20 to 30 percent of
world production.

Table 1.--Drop forgings: Production by specified countries, 1981-84

. .
.

Country . 1981 | 1982 1983 | 1984
: 1,000 tons -

Belgium : 15.5 : 15.6 : 1/ : 1/
Brazil--——- : 45.7 : 34.2 : 35.7 : 56.1
France- : 187.9 : 169.1 : 141.3 : 2/ 141.3
Italy-- - : 472.5 : 415.8 : 384.7 : 365.4

Japan ¢ 1,547.0 : 1,423.0 : 1/ : 1/

Spain-- : 107.8 : 121.6 : 1/ : 1/

Sweden - : - 63.7 : 57.6 : 63.0 : 1/

United Kingdom - : 237.3 : 219.8 : 222.7 : 1/
United States - : 947.4 : 639.2 : 612.2 : 867.9
West Germany : 793.0 : 777.3 : 727.7 : 2/ 743.0

Total : 4,417.8 : 3,873.2 : 1/ : 1/

1/ Not available.
2/ Estimated.

Source: Data collected at the 1llth International Drop Forging Congress, the
1984 Euroforge Presidents®' Meeting, the Forging Industry Association, and a
report from the U.S. Consulate, Sao Paulo, January 1986, except as noted.12
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Figure 1.--All forged products: Indexes of world productiqn of drop
forgings, by specified countries, 1981-84
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1/ Data for 1983-84 are not available.
2/ Estimated.

Source: Data collected at the 11th International Drop Forging
Congress, the 1984 Euroforge Presidents' Meeting, and the Forging
Industry Association.
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The U.S. Industry and Major Foreign Competitors

United States

The U.S. forging industry consists of approximately 400 to 450 forges,
approximately 15 percent of which produce nonferrous forgings, according to
the 1982 Census of Manufactures. These forges are concentrated in the heavy
industrial Great Lakes region and California, with a secondary concentration
in the South Central States. Ohio, Illinois, and Michigan accounted for 38
percent of all steel forging establishments in 1982 and are believed to have
maintained a comparable share through 1985. California accounted for 41
percent of all nonferrous forging establishments in the comparable period.
Employment in the industry totaled about 50,000 workers in 1982 and is
believed to have declined since that time because of plant closures (see app.
D) and production cutbacks. Two steel companies are known to have closed 3
forges during 1981-85; most steel companies which operated forges closed these
plants prior to 1981. Company mergers, cross investments, and joint ventures
within the forging industry during the period were minimal. MNearly 60 percent
of the domestic forgers employed more than 20 workers. Industry shipments
amounted to about $4.0 billion in 1982, 73 percent of which represented
ferrous forgings.

Approximately half of the total forgers employ the hot impression die
manufacturing method; another 40 companies are primarily cold impression die
forgers. Open die manufacturers number about 80 to 100 companies, and rolled
ring forgers total about 25 firms. These firms produce a wide variety of
products, ranging in size from small desk calculator parts weighing less than
an ounce to large structural components weighing many tons.

Forges generally fall into two categories: production plants, which
manufacture large quantities of a limited range of forgings; and job shops,
which concentrate production on a number of small orders. Commercial (or
custom) plants then sell their customized forgings to others, whereas captive
plants manufacture for their company's internal needs. Most captive producers
manufacture forgings for the automotive industry.

Production, capacity, and employment.--Despite the recovery in the
automotive and construction markets, overall production has not increased

proportionally. U.S. production of forged products reported by questionnaire
respondents declined during 1982-83 from the previous year's level before
resuming growth rates ranging between 23 and 26 percent in all sectors in 1984
(table 2). The decline was most pronounced in the steel sector, where
production dropped by 31 percent, compared with 26- and 2l-percent declines in
the aluminum and other products sectors, respectively. Production levels
through the first eight months of 1985 reflected continued growth for aluminum
forgings whereas forged steel and other products are lagging the August 1984
benchmarks.

According to questionnaire respondents, original equipment manufacturers,
such as those in the construction equipment and machine tool industries, have
increased their purchases of imported rough and finished forgings and
assemblies, have lost market share to imported merchandise, have not sustained

14
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export market growth, or have moved manufacturing facilities abroad, 8ll to
the detriment of domestic ferrous and nonferrous forgers seeking to .
reestablish their prerecession production and profitability levels. Although
the Commission was unable to gather specific information concerning the
magnitude of offset transactions (a range of industrial and commercial

Table 2.--U.S. forging industry: U.S. producers' practical capacity, production,
and capacity utilization, 1981-84, January-August 1984, and January-August
1985 v

January-August

e oo oo oo
ee eo oo oo

Item . 1981 1982 1983 : 1984 i -
i : X 1984 : 1985
. Practical capacity
Forged steel : : : : : :
products : : H : : :
short tons--: 3,178,356 : 3,087,343 : 3,071,485 : 3,097,361 : 2,458,501 : 2,508,767
Forged : : : : : :
aluminum : : : : : :
products : : : : : :
1,000 : : : : : :
pounds—-: 60,743 : 60,959 : 64,446 71,054 : 57,366 : 59,142
Other forged : : : : : :
products : : : : : :
1,000 : : : : : :
pounds--: 100,134 : 102,974 : 106,112 : 114,959 : 81,908 : 87,129
All forged : : : : : :
products : : : : : :
short tons--:_3,258,795 : 3,169,310 : 3,156,764 : 3,190,368 : 2,528,138 : 2,581,903

Production

e
e oo

Forged steel
products
short tons--
Forged
aluminum
products
1,000
pounds--
Other forged
products
1,000
pounds--
All forged
products
short tons--:

.

1,501,365 : 1,019,609 : 951,718

1,779,294 : 1,244,429 : 1,220,287

%0 ee oo oo oo oo oo o

34,791 26,402 25,909 32,553 20,567 24,745

e oo oo oo oo oo oo
0o eo oo oo oo oo oo eo oo ceo oo oo

0o eo oo oo oo oo oo se

67,929 54,340 : 67,611 41,807

ee e oo eo eo oo oo oo oo o

53,966

1,551,447 : 1,050,796

.
.

ee oo @0 00 40 ¢ S0 0 €0 0% e B0 eE s e e o0

oo Joee ee oo oo
oo Joe oo oo oo

1,830,654 : 1,284,800 : 1,260,225
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Table 2.--U.S. forging industry: U.S. producers' practical capacity, productionm,

1985--Continued

and capacity utilization, 1981-84, January-August 1984, and January-August

January-August

e s oo
e oo oo oo

e oo oo oo
* oo ee e

Item 1981 1982 : 1983 1984 -
i : 1984 i 1985
: Capacity utilization
Forged steel : : : : : :
products : : : : : :
percent--: 56.0 : 40.3 : 39.7 : 48.5 : 41.5 : 37.9
Forged : : : : . :
aluminum : : : : : :
products s : : : :
~ percent--: 57.3 : 43.3 : 40.2 : 45.8 : 35.9 : 41.8
Other forged : : : : : :
products : : : : :
percent--: 67.8 : 52.8 : 50.9 : 58.8 : 51.0 : 47.0
All forged : : : H : :
products : : : : : :
percent--: 56.2 : 40.5 : 39.9 : 48.6 : 41.6 : 38.1
Source: Compiled from data submitted in response to questionnaires of the U.S.

International Trade Commission.

practices generally tied to the purchase of military-related exports),
respondents indicate that forgers producing for the U.S. aerospace industry
have encountered difficulties involving such arrangements. In addition,
whereas forgings for the U.S. defense industry generally have been
domestically procured, increasing levels of foreign purchases have occurred
under dual sourcing procedures.

Reported practical capacity for forged steel products remained stable
during 1981-84 at about 3.1 million short tons. Reported capacity for
aluminum and other forged products rose by 17 and 15 percent, respectively,
during the period to 71.1 and 115.0 million pounds in 1984. Two California
forgers in each of these sectors expanded capacity during 1983-84 in
anticipation of increased demand, particularly from the aerospace and
defense-related industries. During 1981-84 operating rates declined in all
three product sectors as production fell and/or capacity expanded while

production experienced no net growth (table 2). Forged aluminum products is

the only segment that demonstrated a utilization rate during the first 8
months of 1985 higher than that of 1984.

Paralleling the production decline experienced by these producers during

the economic downturn of 1982-83, the level of employment in the forging

establishments of all questionnaire respondents fell by 26 percent to 38,570

workers during 1981-83, before rising slightly to 40,287 workers in 1984
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(table 3). Production and related workers accounted for 73 to 77 percent of
total employees reported during the period and showed a 25-percent reduction
during 1981-83 before increasing to 30,118 workers in 1984. Principally as a
result of this significant employment decline and improved productivity in all
three sectors, man-hours worked and wages paid fell to their lowest levels of
the period in 1983 and increased only slightly in 1984, when direct and
indirect labor costs accounted for about 27 percent of net sales. 1/ Average
hourly wage rates (excluding benefits) rose overall by 6 percent to $15.67 in
1984.

Financial experience of U.S. producers.--Reflecting both the production
downturn and reported suppressed or lowered prices for these products, total
net sales of reporting producers of forged products declined by 36 percent
during 1981-83 to $2.8 billion, before rising to $3.2 billion in 1984 (table
4). Approximately 85 percent of net sales in 1984 amounted to the cost of
goods sold. Of this total, net materials cost amounted to 34 percent; labor
cost, 27 percent; and other costs (such as maintenance and repair, fixed
expenses, and supervisors' salaries), 25 percent, with a net inventory loss of
1 percent. 2/ The respondents experienced declining profits during 1981-83,
falling 60 percent to $176.4 million in 1983, before rising slightly to $187.3
million in 1984. Net operating profits declined annually during the period,
from 10.0 percent of net sales in 1981 to 5.9 percent in 1984, and 3.9 percent
during January-August 1985.

While the industry was profitable overall during 1981-84, the three
sectors differed markedly in their financial status. Reflecting the
significant losses recorded by two major domestic aluminum forgers, the
aluminum sector recorded the only losses of the U.S. forging industry during
1982-84. Contrary to the other industry segments, which continued to exhibit
declining profit ratios, the net profit to sales ratio for the aluminum
products sector rose in January-August 1985 to 1.6 percent.

Reflecting the specialized nature of other forged products, their more
stable customer base, and the ability to sustain price increases, this segment
remained the most profitable during 1981-84, with the highest net operating
ratios in the industry (16.3 to 22.1 percent of net sales). The steel sector
operated at a profit ranging between 2.6 and 8.2 percent during the period.

The fortunes of the forging industry did not necessarily mirror that of
their primary markets (table 5). The other forged products sector recorded
profitability several times higher than the aerospace industry, its major
market. The return on aluminum forgings, however, was far below those of the
aerospace and automotive industries. The return on sales of steel forgings
fluctuated during the period, while the automotive industry increased its
returns each year and the construction equipment sector suffered continued
losses.

/ Posthearing brief, Forging Industry Association, Jan. 29, 1986, p. 6.
/ Posthearing brief, Forging Industry Association, Jan. 29, 1986, Exhibit C.
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Table 3.—U.S. forging industry:

18

Average number of employees and
enmployed in the forging industry, man—hours worked, wages paid,
forge, 1981-84, January-August 1984, and January-August 1985

production and related workers
and productivity, by types of

ee oo oo

3

.
.
.
.

.

o oo

January-Augus t-—

Productivity—hours/ton—:

Item 1981 1982 1983 1964 N -
: : ; : 1984 ' 1985
Steel: : : : : :
Number of employees and : : : :
wages paid: : : :
Production and related H : : : :
workers 24,778 : 19,534 : 16,677 : 17,858 : 17,880 : 17,160
Man-hours worked : : : : : . :
1,000 hours—: 51,035 : 37,866 : 33,541 : 37,030 : 25,080 : 24,319
Wages paid : : : : : :
1,000 dollars—: 771,408 : 679,814 : 586,460 : 590,742 : 399,001 : 401,929
Productivity—-hours/ton—: 28.7 : 30.4 : 27.5 24.7 : 24.6 25.6
Aluminum: : : : H : :
Number of employees and : : : : : :
wages paid: : H : H : H
Production and related : : : : :
workers : 7,880 : 8,446 : 8,383 8,314 : 6,307 : 5,989
Man—-hours worked : : : : : :
1,000 hours—: 3,183 2,279 : 2,189 : 2,688 : 1,765 : 1,893
Wages paid : : : : : :
1,000 dollars—: 44,495 31,652 : 32,198 : 39,373 : 25,878 : 28,465
Productivity-—hours/1,000 : : : : : :
pounds—: 9.1 : 8.6 : 8.4 : 8.3 : 8.6 : 7.7
Other: : : : : : :
Number of employees and : : : : : :
wages paid: : : : :
Production and related : : : : :
workers 5,606 : 4,851 : 3,793 . 3,946 : 3,929 : 4,052
Man-hours worked : : : : : :
1,000 hours—: 10,715 . 9,110 : 6,927 . 7,770 : 5,158 : 5,451
Wages paid : : : : : :
1,000 dollars—: 140,597 128,378 : 98,894 114,002 : 75,787 . 81,333
Productivity-—hours/1,000 : : . : : : :
pounds—-: 15.8 : 16.8 : 12.8 : 11.5 : 12.3 : 13.3
Total: : : : : : :
Number of employees and : : : :
wages paid: : : : : :
All persons : 52,137 42,820 : 38,570 : 40,287 : 40,189 : 39,845
Production and related : : : : : :
workers - 38,264 : 32,831 : 28,853 30,118 : 28,116 : 27,201
Man-hours worked : : : : : :
1,000 hours—: 64,933 . 49,255 : 42,657 . 47,488 : 32,003 : 31,663
Wages paid : : : : : :
1,000 dollars—-: 956,500 : 839,844 : 717,552 : 744,117 : 500,666 : 511,727
35.5 : 38.3 : 33.8 : 30.6 : 30.5 32.2

Source: Compiled from data submitted in response to questionnaires of tha {

Trade Commission.

.S. International
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Table 4.—U.S. forging industry:

19

U.S. producers' net salas and net operating profit or (loss)

on their operations producing forged products, by types of forge,

and January-August 1985

1981-84,

January—-August 1984,

January—-August—

Item ‘1981 1982 ' 1983 1984 -
: : : : ‘1984 ' 1985
Forged steel products: : : : : : :
Net sales 1,000 dollars—: 3,206,471 :2,507,092 :2,087,318 :2,430,480 :1,637,157 :1,559,454
Net profit or (loss) : : : : : :
1,000 dollars—: 262,187 : 64,586 54,095 93,180 76,481 31,441
Ratio of net profit or : : :
(loss) to net sales : oot : :
percent—: 8.2 : 2.6 : 2.6 : 3.8 4.7 : 2.0
Firms reporting losses : : : : :
number—: 15 : 39 40 32 32 39
Forged aluminum products: : : : : ! :
Net sales 1,000 dollars—: 264,172 : 216,931 : 128,502 : 155,279 : 99,966 : 113,893
Net profit or (loss) : : ' : : : :
1,000 dollars—: 8,345 : (3,368) : (5,994) :  (1,891) : (2,121) : 1,824
Ratio of net profit or : : H : : :
(loss) to net sales : : H : ' :
percent—: 3.2 : (1.6) : (4.7) : (1.2) : (2.1) : 1.6
Firms reporting lossas : : Y : : :
nunber——' 4 5 6 : 6 6 4
Other forged products: : : : :
Net sales 1,000 dollars—— 931,228 : 792,769 : 580,734 : 589,370 : 399,059 404,401
Net profit or (loss) : : : : :
1,000 dollars—: 169,960 : 165,880 : 128,267 : 95,963 62,031 47,413
Ratio of net profit or : : : :
(loss) to net sales : : : : : :
percent—: 18.3 : 20.9 22.1 : 16.3 : 15.5 11.7
Firms reporting losses : : : : :
number—: 4 4 5 : 6 4 5
Total: : : : : : :
Net sales-——1,000 dollars—: 4,401,871 :3,516,792 :2,796,554 :3,175,129 :2,136,182 :2,077,748
Net profit or (loss) : : : : : :
1,000 dollars—: 440,492 : 227,096 : 176,368 : 187,272 : 136,391 : 80,678
Ratio of net profit or : : : : : :
(loss) to net sales : : : : : :
percent—: © 10.0 : 6.5 6.3 : 5.9 6.4 : 3.9
Firms reporting losses : : : : :
number—: 18 : 41 A 35 33 41
Source: Compiled from data subnxtted in response to questionnaires of the U. s International

Trade Commission.
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Table 5.--U.S. aerospace, ;] automotive, 2/, construction equipment, and
forging industries: Ratio of net operating profit or (loss) to net sales,
1981-84

Item ; 1981 o 1982 . 1983 . 1984

Ratio of net profit or (loss) : : : :

to net sales: : : : : :
Aerospace--——-——--— percent—-: 4.4 3.3 : 3.5 : 4.1
Automotive d40—-~—-: (1.2) : 0.3 : 4.5 : 6.1

Construction : : : :
equipment——- do : 7.6 : (3.1) : (6.7) : (6.8)
Forgings- -do—---: 10.0 : 6.5 : 6.3 : .9

Forged steel products : : s
percent—-: 8.2 : 2.6 . : ‘2.6 3.8

Forged aluminum products : : : :
percent--: 3.2 : (1.6) : (4.7) : (1.2)

Other forged products : : : :
percent--: 18.3 : 20.9 : 22.1 : 16.3

1/ Includes aircraft and spacecraft only.
2/ Data for worldwide operations.
3/ Estimated by the staff of the U.S. International Trade Commission.
Source: Data supplied from Automotive News, the Aerospace Industries
Association of America, Standard and Poor's, and data submitted in response to
the questionnaires of the U.S. International Trade Commission.

Capital expenditures and research and development expenditures.--
Respondents indicated that funds for capital expenditures, particularly in the

steel sector, were lacking or unjustifiable because of the decline in
production, earnings, and product prices, and the unfavorable outlook for
increased market share and business. As a result, capital expenditures on
domestic facilities by U.S. producers during 1981-84 fell by 53 percent to
$110.5 million, 3.5 percent of net sales (table 6).

Capital expenditures in the aluminum sector fluctuated between $2.7
million in 1983 (2.1 percent of net sales) and $18.3 million (6.9 percent) in
1981, representing the lowest percentages of net sales of all sectors during
1982-84. In both the steel and other forged products segments, expenditures
peaked in 1982 at 7.1 percent of net sales before falling to period lows of
3.5 and 3.6 percent, respectively, in 1984. All sectors of the industry
increased investments in capital expenditures during January-August 1984/85,
with increases ranging from 9 percent for the aluminum sector to 29 percent
for other forged products.

Research and development expenditures have also suffered from declining
industry profitability and an uncertain economic future. Research and
development expenditures for all forging sectors fluctuated during 1981-84
between a low of $41.0 million (1.2 percent of net sales) in 1982 to a peak of

20



Table 6.—U.S. forging industry:

21

by types of forge, 1981-84, January—August 1984, and January-August 1985

U.S. producers® capital expenditures on domestic facilities,

(In thousands of dollars)
. . . . " January-August—
Item ©1981 ‘1982 © 1983 ' 1984 ' - —
X : : ' 1984 T 1965
Facilitias in the United : : : : : :
States: : : : : H :
Forged steel products— : 179,966 : 178,665 : 85,846 85,361 : 54,249 : 55,940
Forged aluminum products : 18,338 : 6,410 : 2,710 : 3,918 : 2,614 : 2,838
Other forged products———: 35,418 : 56,198 : 35,569 : 21,250 : 11,020 : 14,244
Total H 241,273 : 110,529 : 67,883 : 73,022

233,742

124,125

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

Trade Commission.
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$106.7 million (3.8 percent) in 1983 (table 7). The aluminum sector invested
less than one percent of their net sales in research and development during
each year of the period, whereas the other forged products sector dedicated
increasing percentages of its net sales to this effort. Investment in
research and development by the steel sector fluctuated between 0.8 and 4.2
percent of net sales during 1981-84. Respondents indicated that efforts are
being made to develop new materials, such as aluminum-lithium alloys and metal-
matrix composites; to improve manufacturing processes with precision or near-
net-shape forging, powder metallurgy, and CAD/CAM; and to develop new
manufacturing techniques, in such areas as metalworking, flash reduction, and
welding.

Table 7.--U.S. forging industry: U.S. producers' research and development
expenditures, by types of forge, 1981-84, January-August 1984, and
January-August 1985 )

(In thousands of dollars)

. January-August--

Type o 1981 ° 1982 | 1983 | 1984 -

: X : : . 1984 | 1985
Steel--m—ememmeeeeeeee: 45,664 : 20,021 : 87,011 : 43,713 : 15,487 : 32,273
Aluminum-—-—- e - 430 : 790 : 661 : 1,124 : 646 894
Other- : 18,773 : 20,189 : 18,996 : 19,148 : 13,605 : 14,401

Total : 64,867 : 41,000 :106,668 : 63,985 : 29,738 : 47,568

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

U.S. producers' shipments and exports.--The quantity of U.S. producers'’
shipments of forged steel products declined by 13 percent, from 1.6 million
tons in 1981 to 1.4 million tons in 1984, and the quantity of U.S. producers'
shipments of forged aluminum products and other forged products declined 2
percent and 10 percent, respectively, during 1981-84 to 31.2 million pounds
and 56.4 million pounds in 1984. The decline in shipments of certain
nonferrous products was less severe than the decline in ferrous products as a
result of the increase in defense expenditures (e.g., aerospace) in recent
years. The value of U.S. producers' shipments of all forged products
decreased by 18 percent from $3.8 billion in 1981 to $3.1 billion in 1984 as
shown in table 8; shipments generally paralleled developments in the U.S.
market during the period. Unit values for forged steel products, forged
aluminum products, and other forged products fluctuated downward during
1981-84, peaking at $1.00, $5.05, and $14.22 per pound, respectively, in 1982.

Exports of U.S.-produced products accounted for between 4 and 5 percent
of domestic shipments during 1981-84. During 1982-84, exports were affected
by the high value of the U.S. dollar relative to other foreign currencies and
the worldwide economic recession. The value of exports of forged products
fell by 42 percent from $183.0 million in 1981 to $106.5 million in 1983, then
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Table 8.—U.S. forging industry:

23

forge, 1981-84, January--August 1984, and January-August 1985

U.S. producers' domestic shipments, by type of

January--Augus t-—

Type 1981 1982 1983 1984
1984 1985
Quantity
Forged steel
products : : : : : :
short tons—: 1,628,233 1,163,233 : 1,142,951 : 1,421,407 : 963,312 . 890,839
Forged aluminum : : :
products : : : : : :
1,000 pounds—-: 31,659 25,307 . 26,107 . 31,178 : 19,863 : 24,168
Other forged : : : : :
products : : : ~ : : :
1,000 pounds-—: 62,531 : 50,406 : 47,847 56,438 : 37,850 . 36,198
Value
Forged steel
products : : : : : :
1,000 dollars—: 2,880,385 : 2,320,807 : 2,086,082 : 2,426,380 : 1,636,000 : 1,550,111
Forged aluminum : : : : :
products : : : : . :
1,000 dollars—: 156,588 : 127,919 : 120,515 : 148,140 94,232 : 108,205
Other forged : : : :
products : : : : : :
1,000 dollars—: 769,054 716,918 : 558,924 : 564,672 : 385,785 : 370,535
Total : : : : : :
- do--—:_ 3,806,027 : 3,165,644 : 2,765,521 : 3,139,192 : 2,116,017 : 2,028,851
Unit value
Forged steel
products : : : : : :
per pound-—: $0.88 : $1.00 : $0.91 $0.85 $0.85 : $0.87
Forged aluminum : : '
products : : : : :
per pound-—-: 4,95 : 5.05 : 4.62 : 4.75 4.74 . 4,48
Other forged : :
products : : : :
per pound-—: 12.30 : 14.22 : 11.68 : 10.01 10.19 : 10.24

Source: Compiled from data submitted in response to questionnaires of the U.S.
International Trade Commission.
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increased to $119.3 million in 1984 (table 9). Exports of forged steel
products accounted for an increasing share of total exports of all forged
products during 1981-84.

Major foreign competitors

Major foreign competitors of the U.S. forging industry are Canada, Italy,
Japan, the United Kingdom, and West Germany. In recent years, however,
competition has increased from Brazil and Korea, as well as other newly
industrialized countries hoping to increase sales to the U.S. market. Many
forges in developed countries have seen their domestic markets shrink because
of a contraction in demand and product substitution, hence, many have had to
look to foreign markets to meet capacity utilization goals. This phenomenon
has increased import penetration within Europe as well as in the U.S. market.

Brazil.--The establishment of the Brazilian forging industry in the late
1950's coincided with the growth of the Brazilian motor vehicle industry, on

" which the Brazilian forging industry is greatly dependent. Many of these

original forges were the joint ventures of Brazilian nationals and European or

American companies. Currently, about 20 percent of the 54 known Brazilian

forges have some degree of foreign ownership; one forge is state owned.

Total annual capacity of the Brazilian forging industry during 1981-84
ranged between 325,000 to 350,000 short tons, with utilization rates
fluctuating between a low of 53 percent in 1983 and a peak of 90 percent in
1981. Production of the Brazilian industry, which is dominated by closed die
forgings used predominantly in the motor vehicle industry, fell 41 percent
during 1981-83 to 179,147 metric tons before rising 60 percent to 285,850
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Table 9.—U.S. forging industry:

U.S. producers' export shipments, by types of
forge, 1981-84, January—August 1984, and January-August 1985

Type

January—-August—

1985

Forged steel
products

1,000 dollars—:
Forged aluminum :

products

1,000 dollars—:

Other forged
products

1,000 dollars—:

Total

49, 05¢

4,56(

38,51t

do--~—— :

92,131

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

International Trade Commission.
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metric tons in 1984 (table 10) and over an estimated 300,000 metric tons in
1985. The 1981-83 decline in production largely reflects the fortunes of the
Brazilian motor-vehicle industry. The 1984 turnaround in forgings production
coincided with the upswing in business and industrial activities in Brazil.

Table 10.--Brazilian forging industry: Production of open die, closed die,
and other forged products, 1981-84 and January-June 1985

(In metric tons)

January-June

Item ‘1981 ° 1982 ® 1983 ' 1984 ‘° _
: : : : : 1985
Open die -— : 38,047 : 51,371 : 31,394 : 52,531 : 28,000
Closed die-—--—-——ea—- : 220,450 : 157,496 : 123,772 : 204,182 : 106,414
Other :_.45,304 : 38,298 : 23,981 : 29,137 : 14,011
Total + 303,801 : 247,165 : 179,147 : 285,850 : 148,425
Source: U.S. Department of State telegram, U.S. Consulate, Sao Paulo,

January 1986.

Conservative estimates of production for three specific forged metal
products--crankshafts, connecting rods, and axles--are supplied in table 1l1.

Table 11.--Brazilian forging industry: Production of crankshafts,
connecting rods, and axles, 1980-84

. .

(In units)

Product ‘ 1980 © 1981 . 1982 . 1983 . 1984
Crankshafts—--—--—- : 230,000 : 212,000 : 190,000 : 152,000 : 202,000
Connecting rods----: 5,223,974 : 3,583,508 : 3,909,008 : 4,005,381 : 3,916,360
AXleS————mmmmmmmmem : 1,453,972 : 955,632 : 972,684 : 985,359 : 988,418

Source: U.S. Department of State telegram, U.S. Consulate, Sao Paulo,
January 1986.

Average employment in this industry declined during the recession but
reached record levels during January-June 1985, as shown in the following
tabulation:
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Year ' Employment
(number)
1981 - 17,5517
1982 : - 15,034
1983- ~ - : 14,532
1984- ———— 19,568
January-June 1985---—c——eece 21,112

Hourly wages for production and related workers in January 1986 ranged
from 14,600 cruzeiros ($1.27) to 42,481 cruzeiros ($3.69), depending upon an
employee's seniority, job description, labor contract, and other factors.
According to Brazilian industry sources, these wages are among the best in the
country. The Brazilian industry recently experienced a 53-day strike by
certain metal workers in the second quarter of 1985. This labor unrest is
expected to continue in 1986 in the form of strikes and work-to-rule actions.
Despite rising hourly wage rates partially attributable to these labor
activities, low labor costs still constitute the largest single comparative
advantage of the Brazilian industry.

The Brazilian forging industry has traditionally been profitable although
profit margins have declined during economic downturns. Price controls
enacted by the Brazilian Government to combat inflation reportedly restrained
such profits, which averaged about 5 percent of sales in 1985 for the larger
firms connected to the auto industry. Industry sources indicate that this
profit margin, although greater than those of previous years, makes additional
investment in research and development and capital expenditures difficult to
justify.

About 5 percent of the total sales of Brazilian forges are dedicated to
research and development expenditures, with larger firms investing as much as
10 percent. Brazilian industry sources indicate that the Brazilian
motor-vehicle industry's reliance on American and European designs lessens the
need for high levels of research and development ‘expenditures. Plants are
considered to be state-of-the-art and receptive to incorporation of new
technologies.

The recession also affected the Brazilian industry's ability to implement
capital improvements, many of which were cancelled or postponed. Although
market conditions rebounded during 1984-85, industry investment in new plant
and equipment has stalled for four primary reasons: (1) capacity
underutilization in several of the past five years; (2) low returns on
investment; (3) uncertainties over the durability of the economic recovery;
and (4) the use of artificial exchange rates by the Government which make
long-term planning for overseas marketing difficult.

The United States was Brazil's leading export market for forged products
in 1984, followed by Algeria. Brazilian exports of forged products, which are
not separately classified in Brazilian export statistics, are estimated to
have accounted. for about 15.5 percent (44,300 metric tons) of Brazilian
production in 1984. The Brazilian export effort has benefited in recent years,
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from the Brazilian Government's competitive exchange-rate policy, reduced
domestic demand during 1981-83 (which encouraged expansion to overseas
markets), and price controls on domestic sales.

Brazilian exports to the United States fell by an estimated 24 percent
during the recession to 19,711 metric tons ($26.5 million) in 1983 before
increasing to 31,520 metric tons ($40.1 million) in 1984 (table 12). Exports
through June 1985 totaled 15,501 metric tons ($17.0 million) and were expected
to equal total-year-1984 exports by yearend 1985.

Unfinished forged products (largely closed die) accounted for about 60
percent of exports to the United States during 1981-84, except for the year
1982 when these products represented 51 percent of the total. During
January-June 1985, these exports accounted for 68 percent of total Brazilian
exports of forged products. As shown in table 12, these forgings are
generally of lower value than comparable finished forgings as a result of the
lower level of labor and finishing procedures required.

The Brazilian industry's prosperity can be partially attributed to its
insulation from foreign competition. The principal instrument of this policy
is the law of similars, which bans the importation of manufactured goods that
are "similar" to items that are, or could be, produced in Brazil. This is
especially stringent for purchases made by the public sector, which is, in
effect, required to "Buy National."

Although the national and regional governments provide many export/
marketing incentives and subsidy programs, the 54 Brazilian forges, all of
which are eligible for these plans, do not directly participate in any of
these programs. In addition to the law of similars, other import restrictions
implemented by the Brazilian Government include: (1) foreign financing of
imports valued over $100,000; (2) taxing financial operations of firms that
purchase foreign exchange for purposes of importing goods and services; (3)
import ceilings for purchases made by private and public companies; (4)
priority treatment of import program applications from firms with BEFIEX 1/
contracts or other export promotion or energy substitution programs; and (5) a
minimum tariff of 37 percent applied to most forged products.

1/ See the section on foreign government programs affecting competition in
the U.S. market for a discussion of the BEFEIX program.



29

Table 12.--Brazilian fofging industry: Exports of forged products to the

United States, 1981-84 and January-June 1985

e o0 oo e

e 00 00 0o

.

. January-June-—

‘Product . 1981 1982 ' 1983 1984
: : 1985
: Quantity (metric tons)
Unfinished forged : : : : :
products: : : : : :
Open die- 0 : 0: 0: 0 : (o]
Closed die : 15,035 : 10,628 : 11,665 : 19,237 : 10,478
Other- : 680 : 467 : 0 : 0 : 0
Total--- : 15,715 : 11,095 : 11,665 : 19,237 : 10,478
Finished forged products: : : : : :
Open die- : 1,983 : 4,009 : 2,401 : 3,945 : 1,767
Closed die : 2,341 : 1,425 : 1,581 : 2,638 : 629
Other 6,012 : 5,234 : 4,064 : 5,700 : 2,627
Total--- : 10,336 : 10,668 : 8,046 : 12,283 : 5,023
All forged products: : : : : :
Open die-- ¢ 1,983 : 4,009 : 2,401 : 3,945 : 1,767
Closed die : 17,376 : 12,053 : 13,246 : 21,875 : 11,107
Other :_6,692 : 5,701 : 4,064 : 5,700 : 2,627
Total £ 26,051 : 21,763 : 19,711 : 31,520 : 15,501
) Value (1,000 dollars)
Unfinished forged : : : : :
products: : H : : :
Open die-- : -2 - - - -
Closed die : 21,766 : 16,431 : 17,033 : 25,708 : 12,844
Other : 946 : 463 : - - -
Total : 22,712 : 16,894 : 17,033 : 25,708 : 12,844
Finished forged products: : : : : :
Open die- : 1,553 : 3,828 : 1,329 : 2,124 : 927
Closed die : 6,594 : 5,729 : 5,417 : 8,502 : 1,397
Other 1,067 : 4,951 : 2,682 : 3,758 : 1,829
- Total : 15,214 : 14,508 : 9,428 : 14,384 : 4,153
All forged products: : : : : :
Open die- ¢ 1,553 ¢+ 3,828 : 1,329 : 2,124 : 927
Closed die : 28,360 : 22,160 : 22,450 : 34,210 : 14,241
Other :_ 8,013 : 5,414 : 2,682 : 3,758 : 1,829
Total :_ 37,926 : 31,402 : 26,461 : 40,092 : 16,997
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Table 12.--Brazilian forging industry: Exports of forged products to the
United States, 1981-84 and January-June 1985--Continued

. 3
. .

January-June--

e ee es 0o

s ss se  ee

Product 1981 1982 1983 ' 1984 °
. : ; 1985
i Unit value (per metric ton)
Unfinished forged : : :
products: : : :
Open die-- -—— : - - - - -
Closed die--——————cceeu : $1,448 : $1,546 : $1,460 : $1,336 : $1,22¢6
Other- :_ 1,391 : 991 : - - -
Average : 1,445 : 1,523 : 1,460 : 1,336 : 1,226
Finished forged products: : : : : :
Open die--- : 783 : 955 : 554 : 538 : 525
Closed die- : 2,817 : 4,020 : 3,426 : 3,223 : 2,221
Other-- -— 1,175 : 846 : 660 : 659 : 696
Average ¢ 1,472 ¢ 1,360 : 1,172 : 1,171 : 827
All forged products: : : : : : :
Open die : 783 : 955 : 554 : 538 : 525
Closed die : 1,632 : 1,839 : 1,695 : 1,564 : 1,282
Other---- :_ 1,197 : 950 : ~ 660 : 659 : 696

Average : 1,456 : 1,443 : 1,342 1,272 : 1,097

Source: U.S. Department of State telegram, U.S. Consulate, Sao Paulo,
January 1986.

In many instances, such as a pre-approved drawback arrangement, import
restraints can be avoided. Under this arrangement, an imported forging would
be allowed if it were to be incorporated into a higher value assembly to be
exported.

Canada.--The Canadian forging industry consists of about 40 firms.
Excluding captive automotive forge plants, Canadian forges tend to be somewhat
smaller than their U.S. counterparts. About 10 percent of all forging
operations in Canada are under United States ownership; it is estimated that
these operations account for approximately 40 percent of total Canadian
output. 1/

Canadian production of forged products totaled $312.2 million in 1984.
Canadian exports to the United States reached $137.9 million in 1984,
accounting for 44 percent of total Canadian sales. The bulk of these exports
were automotive ($92.0 million), defense and aerospace, and agricultural
products (table 13).

1/ Prehearing brief, Canada Forgings Inc., p. S.
30
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Table 13.--Forged metal products: Canadian exports to the United States, by
type of market, 1984

Item f 1984

1,000 dollars

Automotive - : 92,029
Agriculture : 828
Defense/aerospace--- : , » 9,931
Other - 35,136

Total-————---=~- —-———1 137,924

Source: Canada Forgings Inc.

A large number of Canadian forging workers belong to unions affiliated
with United States parent organizations. Much of the equipment used by
Canadian forgers is manufactured by U.S. companies; certain Canadian forges
also purchase raw material from United States sources, as well as services
such as machining, repair, die sinking, and computer technology. 1/

France.--The French forging industry is made up of over 70 firms, most of
which are relatively small, family-owned companies. During 1980-84, no forge
plants opened, two closed down, five were taken over by other French forging
firms, and eight remained idle.

A Production capacity for the French forging industry totaled 450,000 tons
in 1984; production declined by 20 percent to 204,448 tons ($358.8 million)
during 1981-84 (table 14). During 1984, the automobile industry accounted for
33.7 percent of drop-forged production (chiefly connecting rods, steering
knuckles, and crankshafts), and agricultural machinery and tractors accounted
for 12.5 percent of the volume of drop-forged production (table 15). Nearly
10,000 workers were employed in the entire French industry during 1981-84;
these workers averaged about $87 million in wages and fringe benefits during
1982-84. ’

1/ Ibid, p. 6. -0
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Table 14.--Forged metal products: French capacity, production,
and employment, 1981-84 .

Item . 1981 1982 1983  _ 1984
Capacity - tons--: 1/ : 1/ : 400,000 : 450,000
Production: : : : : .
Quantity--—----——mm— e do----: 254,175 : 232,682 : 199,174 : 204,448
Value-———————————ou= million dollars--: 626.1 : 557.3 : 415.4 : 358.8
Employment: : : : :
Number ¢ 10,934 : 10,452 : 9,729 : 8,778
Wages and benefits : : : :
million dollars--: 1/ : 103 : 86 : 72

1/ Not available.

Source: Compiled from statistics of the French Association for Drop Forging
-and Forging.

Table 15.--Drop-forged products: French shipments, by types'of
market, 1981-84 o

(Percent)
Type ‘1981 1982 ° 1983 1984
Automobiles : 31.8 : 31.6 : 32.7 : 33.7
Transmission parts : 6.6 : 6.7 : 7.9 : 8.0
Agricultural machinery and tractors--—--: 10.4 : 11.0 : 12.0 : 12.5
Valves : 1.2 : 6.8 : 4.8 : 4.9
Other markets : 44.0 : 43.9 : 42.6 : 40.9

Source: Compiled from statistics of the French Aseociation for Drop Forging
and Forging.

During 1981-84, French exports of drop-forged products declined 6 percent
to 32,453 tons ($40.4 million) in 1984 (table 16). According to France's
Trade Association for Drop Forging and Forging, France exported 5,694 tons to
the U.S. market in 1984. 1/ Most of these exports are in the form of raw
subassemblies, which are imported and machined by U.S. subcontractors to the .
automobile industry. 2/ French production of open-die products declined by 22
percent during 1981-84 to 21,137 tons ($65.7) in 1984; exports of these
products decreased by 41 percent to 2,212 toms ($16.2 million) in 1984 (table
17). Although the industey does not receive direct Government assistance, the
Government is nevertheless present in this sector through nationalized industry

1/ Interview with the French Association for Drop Forging and Forging,
Paris, France, Bov 21, 1985.
2/ Ibid : 32
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(both upstream with the Usinor and Sacilbr steel mills and downstream with the
Renault automobile firm).

Table 16.--Drop-forged products: French production, exports, and
employment, 1981-84

Item © 1981 | 1982 | 1983 | 1984

Production (including exports): : : : :

Quantity tons-—-: 187,922 : 169,109 : 141,263 : 142,633

Value million dollars--: 347.8 : 306.7 : 240.1 : 205.7
Exports: : : : :

Quantity tons--: 34,522 : 30,294 : 25,956 : 32,453

Value million dollars--: 54.6 : 47.9 : 38.6 : 40.4
Employment: : : : H

Workers number--: 7,534 : 7,143 : 6,465 : 5,738

Source: Compiled from statistics of the French Association for Drop Forging
and Forging.

Table 17.--Open die forged products: French production and exports, 1981-84

Item © 1981 | 1982 . 1983 . 1984
Production (including exports): : o : :
Quantity tons--: 26,960 : 24,783 : 19,239 : 21,137
Value—-———c—mccmmme e million dollars--: 126.3 : 102.7 : 68.5 : 65.7
Exports: : : : H
Quantity tons--: 3,752 : 2,625 : 2,077 : 2,212
Value---——cmmmem million dollars—-: 28.1 : 19.9 : 13.7 : 16.2

H

Source: Compiled from statistlcs of the Prsnch Association for Drop Forging
and Forging.

Italy.--The forging industry in Italy consists of about 120 firms whose
combined annual capacity was about 450,000 tons in 1984. The Italian industry
is believed to be the second largest in Europe, employing about 10,200 workers.

Italian production of drop-forged products declined by 34 percent from
556,000 tons in 1980 to 365,350 tons in 1984 (table 18). Capital expenditures
and research and development expenditures for the industry averaged about 5
percent of sales during 1980-84. 1In general, the larger Italian firms are
attempting to automate manufacturing processes, while less competitive
companies are attempting to maintain market share by diversifying into product
areas having higher value added components. 1/

1/ Interview with Teksid, Turin, Italy, Nov. 26, 1985. _ 33



34

Almost all Government assistance to the forging industry is related to
helping firms reduce their work force. 1/ For firms in difficulty, the
primary source of Government assistance is unemployment compensation for
laid-off workers and early retirement for workers 50 years or older.

Table 18.--Drop-forged products: Italian production, 1980-84

. .
.

Ttem ‘ 1980 © 1981 ° 1982 ° 1983 1984
Production : : : : :

(short tons)--: 556,000 : 472,500 : 415,850 : 384,650 : 365,350

. .

Source: Report from the U.S. Consulate, Milan, Italy, January 1986.

Japan.--The Japanese forging industry is made up of nearly 700 firms,
most of which are relatively small companies. About eight of these forgers
are raw steel producers; the remaining firms produce steel or aluminum
forgings from purchased mill products.

Japanese shipments of forged products decreased 1 percent from $1.69
billion in 1980 to $1.67 billion in 1983 (table 19). Nearly 18,000 workers
were employed in the Japanese industry between 1980 and 1983. These workers
were paid an annual salary of approximately $275 million, with annual average
earnings per worker of $15,400 during the period.

' Table 19.--Forged metal products: Japanese shipments and employment, 1980-83

Item © 1980 | 1981 | 1982 . 1983
Shipments: N : : :
Value-———cmmmmmeee million dollars--: 1,685 : 1,921 : 1,606 : 1,665
Employment: S : : : S
Workers—----- --number--: 17,669 : 18,602 : 17,166 : 17,989
Earnings-----~———ceeeo 1,000 dollars--: 259,018 : 298,273 : 249,121 : 293,227
Average annual cash earnings per : : : ‘ :
regular worker--——————————o dollars—-: $14,659 : $16,034 : $14,512 : $16,300

. .

Source: Report from the U.S. Embassy, Tokyo, Japan, December 1985.

1/ Interview with Italian Government officials, Rome, Italy, Nov. 25, 1355.
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The Commission was not able to identify any nontariff barriers affecting
the entry of foreign forged products into the Japanese market. Certain
Japanese forging companies with 300 or fewer regular employees are eligibdle
for various Government assistance programs available for all small
businesses. These programs include: (1) low interest loans for expansion and
improvement of facilities and operating funds; (2) certain interest-free loans
to companies with less than 100 employees to enable them to finance half of
the cost of new equipment for modernization; (3) certain Government credit
guarantees; (4) limited tax relief; (5) subsidies or low interest loans for
the practical application of technological innovations; and (6) Government
procurement assistance; i.e., alloting an annually-determined share of total
procurement contracts of Government entities to small companies.

Republic of Korea.--The forging industry in Korea consists of over 200
companies. Statistically, these firms are classified in three basic
categories: (1) manufacturers of hammered or pressed forged steel products
produced from steel ingots and semifinished steel products; (2) manufacturers
of forged steel products from plates and blocks; and (3) all manufacturers
(including forgers) of components and parts solely for motor vehicles.

There were about 15 manufacturers of hammered or pressed forged steel
products produced from ingots during 1980-83 (table 20). These firms'
shipments increased 87 percent from $29 million in 1980 to $54 million in
1983. Employment increased to nearly 2,000 workers with wages totaling $7.6
million in 1983; research and development expenditures reached $844,000 during
the same year.

Table 20.--Certain hammered or pressed forged steel products: Korean
production, shipments, tangible fixed assets, research and development
expenditures, and employment, 1980-83

Item o . 1980 . 1981 . 1982 . 1983
Production 1,000 dollars--: 29,791 : 37,562 : 42,240 : 55,713
Shipments ‘ do----: 28,954 : 37,258 : 39,323 : 54,084
Tangible fixed assets———————————oo d0----: 18,967 : 34,687 : 35,199 : 40,611
Research and development expenditures : : : :
1,000 dollars--: 1/ : 1/ : 1/ : 844
Employment: : : : : :
Workers —_—— -number--: 505 : 1,474 : 1,260 : 1,799
: 5,147 : 7,559

Wages- - 1,000 dollars--: 1,837 : 5,201

1/ Not available.

Source: Report from the U.S. Embassy, Seoul, December 1985.
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There were 192 producers of metal stamped and pressed products (i.e.,
bottle caps, medical appliances, machine parts, ash trays, cookingware,
furniture parts, domestic utensils, and helmets) during 1983. Shipments
reached $136 million, and employment totaled nearly 8,000 workers with wages

reaching $21.3 million in 1983.

Spain.--The forging industry in Spain consists of about 22 companies.
Two of these firms are also large steelmakers employing a combined 6,000
workers; 11 are medium-sized firms with nearly 3,000 employees and revenues of
$93 million in 1984. Automotive parts reportedly represent less than 50
percent of production; Spanish firms report a capacity utilization rate of 70
percent. Annual wages paid to Spanish forging production workers totaled
about $6,000 in 1984; in addition, forgers contribute about 35 percent of

payroll to social security.

Spanish exports of forged steel propeller shafts and certain crankshafts
increased by 23 percent, from 2,567 tons ($5.7 million) in 1983 to 3,169 tons
($7.9 million) in 1984 (table 21). Imports of these products increased by ¢

Table 21.--Forged steel propeller shafts and certain crankshafts: Spanish
exports and imports, 1983-84

Item

1983

1984

Forged steel propeller
shafts:
Exports

Imports

Certain forged steel crank-
shafts:
Exports

Imports—-

Forged steel propeller
shafts:
Exports

Quantity (short tons)

se 0o oo oo oo eo oo oo e oo

@ ee oo oo oo oo oo a0

Imports—--

Certain forged steel crank-
shafts:

Exports

Imports

1,777 : 1,666

97 : 114

790 : 1,503

141.35 : 138.33
Value (million dollars)

2.3 : 1.8

0.77 : 0.58

3.391 : 6.093

1.60 : 1.13

.

Source: Report from the U.

.
.
.
.
.
.
.
.
.
.
.
o
S.

Embassy, Barcelona, Spain, December 1985.
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percent, from 238 tons ($2.4 million) in 1983 to 252 tons ($1.7 million) in
1984.

No nontariff barriers concerning steel automotive parts are reported to
exist in Spain; in fact, car manufacturers are permitted periodically to
import certain parts (e.g., complete gearboxes and engines) duty free. Local
requirements imposed on car manufacturers have been reduced to 60 percent
(i.e., car manufacturers are permitted to import components for a value
equivalent to 40 percent of the final value of the vehicle) and are scheduled
to be eliminated within 4 years.

Two Spanish industrial vehicle forges were granted funds totaling $5.4
million and official loans totaling $12.1 million during 1980-85. These
benefits were granted under the reindustrialization plan of the Government of
Spain and are targeted at reducing company losses and increasing productivity
of these firms to 48 and 55 tons per worker per year in 1985, up from 29 and
35 tons per worker per year in 1982.

Sweden.--The Swedish forging industry is made up of about 17 companies,
most of which are relatively small firms. Swedish forges produce a variety of
products, including crankshafts, steering spindles, valves and valve bodies,
and aircraft components (table 22). During 1980-84, four new firms began
production, and no plant closures were reported.

Capacity in the Swedish industry averaged about 94,000 tons during
1980-84. Hourly earnings for production workers averaged about $6.41 during
1984; fringe benefits (i.e., employer contributions by law and collective
agreement as a percentage of gross wages) amounted to 42 percent in 1984.

37



38

Table 22.--Swedish forging indus

try: Swedish firms, capacity,

and products produced

Firm . Capacity | Products produced
Short tons :
Bacho Verktyg---———————-- : 2,535 : shift forks, rocker arms, and front
: : wheel spindles
Bergs Smide AB——-——————n : 1,323 : Automotive products
Bulten AB-- : 3,307 : Upset-forged, die-forged and
: : automatically forged fixing devices
Bultsmide I Tanum AB---—-: . 441 : Special and standard fixing devices
Bofors AB-- : 276 : Crankshafts, front axles, and
: : aerospace products
Componenta Kilsta AB----: 35,000 : Crankshafts, front-axle beams,
: steering spindles, and aircraft
. : : components
Dalaverken Produktions--: 2,866 : Wear parts, shafts, and gear wheels
Hejarsmide AB——-———ceee-: 772 : Drop forgings
Hults Bruk—--—————eeee--: 386 : Handtools
Hoeganaes AB-——————eee--: 22 : Iron Power products
Igelfors Bruks AB—--——--: 2,756 : Shift forks and steering arms
Necks Verkstaeder---—---: 6,614 : Automotive and general engineering
: : industries
Pressmetall AB——--———---: 331 : Precision forgings
Robema Verkstads AB--—--- : 1,102 : Die-forged and upset-die forged
: : products
Tors Hammare AB----———-- : 1,102 : Handtools
Wirsbo Bruks AB-——-—ce-- : 15,432 : Gear-wheel and crown-wheel forging
Volvo Komponenter AB----: 17,634 : Heavy-plate components :

. .

Source: Report from the U.S. Embassy,

Stockholm, Sweden, December 198S5.

United Kingdom.--The forging industry in the United Kingdom consists of

over 50 companies. Shipments of forged,
declined 19 percent during 1981-84 to $1.

pressed, and stamped products
6 billion in 1984 (table 23).

Apparent consumption declined 2 percent to $1.5 billion during 1983-84, and
exports and imports increased to $66.2 million and $56.9 million,
respectively, during the period. Employment fell 15 percent, from 34,000
workers in 1981 to 29,000 workers in 1984.
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Table 23.--United Kingdom forging, pressing, and stamping industry: United
Kingdom shipments, exports, imports, apparent consumption, and employment,
1981-84, January-June 1984, and January-June 1985

January-June--—

Item : 1981 : 1982 : 1983 : 1984 -
X : ) . 1984 1985

Shipments--1,000 : : : : :
dollars—-:1,914,087 :1,747,725 :1,587,792 :1,555,674 :752,410 : 958,686
Exports-——-- do———-: 1/ : 1/ : 63,240 : 66,153 : 1/ : 32,967
Imports———-—- do——--: 1/ N V4 : 49,335 : 56,908 : 1/ : 36,128

Apparent consump- : : : : : :

tion---—-- 1,000 : : : : :
dollars--: 1/ : 1/ :1,573,887 :1,546,429 : 1/ : 961,847

Ratio of imports : : : : :

to consumption : : : : :
percent--: 1/ : 1/ 3.1: 3.7 : 1/ : 3.8

Employment : : : : : :
number—-————————- : 34,000 : 1/ : 29,200 : 29,000 : 29,300 : 2/ 27,900

1/ Not available.
2/ January-March 1985.

Source: Business Monitor.

The fortunes of the British forging industry are tied to those of its
major customers--the British vehicle assemblers. Although shipments to the
largest end-user sector, commercial vehicles, fell slightly by 0.1 percen<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>