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PREFACE

On April 14, 1989, at the request of the United States Trade Representative (USTR), and in
accordance with section 332(g) of the Tariff Act of 1930, (19 U.S.C. 1332(g)), the U.S.
International Trade Commission instituted investigation No. 332-275, "Competitive Position:
of the U.S. Gear Industry in U.S. and Global Markets.” (See app. A for request letter.) The
Commission was requested specitically by the USTR to provide, to the extent possible, the
following:

e Profiles of the U.S. industry and major foreign industries;

®  Adescriptive assessment of the global market for gears, to the extent possible, using
categories of gear products most useful to the industry;

® Acomparison of U.S. and foreign producers’ strengths and weaknesses in such areas
as (1) raw material, labor, and capital availability; (2) technological capabilities; (3)
extent of plant and equipment modernization; (4) end-product quality, pricing, and
service support, and government involvement; and,

e U.S. and foreign industry and U.S. consuming industry views on market direction
and potential for the U.S. industry.

The study also includes a detailed analysis of selected key products that are important to
the U.S. gears and gear products industry and are representative of different segments of the
industry in terms of manufacturing process, import competition, marketing, and financial
condition.

Notice of the Commission’s investigation, including the public hearing, was given by
posting copies of the notice in the Office of the Secretary, U.S. International Trade
Commission, Washington, DC, and by publishing the notice in the Federal Register (54 F.R.
18167) of April 27, 1989 (app. B). The Commission held a public hearing in connection with
thisinvestigation on November 1, 1989, at the U.S. International Trade Commission Building,
500 E Street, SW, Washington, DC. All persons had the opportunity to appear in person or by
counsel, to present information, and to be heard. (See app. C for list of witnesses.)

Concurrent with the request for the Commission investigation, the USTR informed the
Commission that agencies of the U.S. Department of Defense, led by the Department of the
Navy, had requested the U.S. Department of Commerce (Commerce) to conduct a study
concerning U.S. defense readiness with respect to the U.S. gear industry under section 705 of
the Defense Production Act of 1950, asamended (50 U.S.C. App. 2155). In its study, Commerce
would be required to collect and analyze certain data from U.S. producers of gears, some of
which would be identical to data which the Commission would be required to collect.

The USTR further informed the Commission that, in order to minimize the reporting
burden placed on firms in the U.S. gear industry in supplying data to the government, the
Office of Management and Budget (OMB), acting pursuant to its authority under the
Paperwork Reduction Act, had indicated that information obtained from the U.S. industry
should be collected using a single survey. Accordingly, the USTR requested that the
Commission coordinate with the appropriate officials at Commerce in developing portions of
the questionnaire that would pertain to Commerce’s responsibilities. The Commission
agreed to the request and submitted on June 19, 1989, for OMB's approval (along with
questionnaires for U.S. importers/purchasers and distributors), a U.S. producers’
questionnaire that had been jointly developed by the Commission and Commerce. Producers
receiving the questionnaire were advised as to which agency or agencies would use the

respective data. Accordingly, appropriate data from the producers’ questionnaire were
shared with Commerce.

In the course of this investigation, the Commission compiled data and information from
questionnaires sent to 264 U.S. producers, 69 importers/purchasers, and 49 distributors of



ii

gears. The listing was derived from mailing lists in previous Commission investigations, a
Trinet Market Share Report, the Customs Net Import File, and individual firms in the gears
and gear products industry. U.S. producers responding to the questionnaire accounted for
over 85 percent of total industry shipments' during 1984-88. In addition, data provided by
producersin the four selected gear industry sectors represented an estimated 80 to 90 percent
of their respective industry sectors. Finally, information was gathered from various public
and private sources, trade associations, overseas posts of the U.S. Department of State,
industry conferences, interviews with company executives, importers and purchasers of
gears and gear products, and also from public data gathered in other Commission studies.
Also, information was gathered from interviews with selected foreign industry officials in
Western Europe and Asia.2 )

The information and analysis provided in this report are for the purpose of this report
only. Nothing 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
subject matter.

! Total industry shipments estimated by the staff of the U.S. International Trade Commission.
2 Staff traveled toWestern Europe (West Germany, Italy, United Kingdom, Belgium, and France) and Asia (Japan
:t‘lf? l_((lzosrea) during November December 1989, to interview members of trade associations and industry/government
cials.
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EXECUTIVE SUMMARY

In March 1989, the U.S. Trade Representative requested the U.S. International Trade
Commission to conduct an investigation and prepare a report on the competitive position of
the U.S. gear industry in U.S. and global markets. The USTR request makes the following
observation regarding the U.S. gear industry:

“The U.S. gear manufacturing industry produces components that are
essential to most industrial and transportation equipment. The industr{,
‘which has experienced a dramatic increase in imports since 1983, is unable
to assess tEvoperly its trade concerns because U.S. government and private
data on the industry’s production and trade composition are fragmented
and incomplete. The American Gear Manufacturers Association has
formally requested assistance providing the industry with a comprehensive
set of objective data.”

Thediversity of the group of companies that comprises the U.S. gear industry complicates
the collection and compilation of data on the gears industry. However, through a
questionnaire survey of U.S. gear producers, importers, and distributors, as well as domestic
and international interviews with industry experts, the Commission was able to develop a
considerable database on the U.S. industry and market and provide an-assessment of the
conditions of competition in the gear industry.

The principal findings of the Commission’s assessment of the U.S. gear industry are as
follows:

L Profile of the U.S. gear industry

® [n1988, the U.S. gear industry consisted of more than 300 firms having shipments of $14.8
billion and production worker employment totaling 84,600 persons.

Gears and gearing are intermediate products which are essential to a wide range of U.S.
finished product industries. The four principal markets for gears and gearing are the motor
vehicle, industrial products, aerospace, and marine industries. Approximately 80 percent of
gear industry shipments, $11.9 billion, were motor vehicle gearing in 1988 (table A).
Shipments of industrial gearing totaled $1.7 billion; aerospace gearing shipments totaled
$928.7 million; and marine gearing shipments totaled just $275.6 million. The U.S. gear
industry exported a total of $2.4 billion in 1988, or 16 percent of total shipments (p. 4-3). U.S.
gear consumers imported $2.7 billion in 1988, resulting in a gear trade deficit of $316 million
in 1988, as import penetration rose to over 18 percent of total gear consumption (table A).

® During 1984-88, Canada, Mexico, the United Kingdom, Japan, Australia, and West
Germany were the chief foreign markets for U.S. exports of gears and gearing products.

These markets accounted for 67 percent of total U.S. exports in 1988. Canada has
traditionally been the leading foreign market for U.S. exports of gears and gearing primarily
because of the cross border structure of the automobile industry. In total, exports of motor
vehicle gears and gearing accounted for 90 percent of U.S. exports to the 6 leading foreign
markets, and most exports were sent to foreign subsidiaries or partners of U.S. firms (p. 4-4).

®  Major structural changes took place in the U.S. industry during 1984-88.

The domestic gear industry has experienced a number of mergers, acquisitions,
leveraged buy outs, and joint ventures in recent years, following a period of divestitures
prior to 1984. Some U.S. firms have acquired interests overseas to expand their markets,
although much of the activity in international acquisitions has been foreign firms investing
in new U.S. facilities (pp. 4-1 through 4-2).



Table A
Proflle of the U. s gear industry, 1984-88

Average annual
percentage

change,
1988 over 1984

item 1964 1985 1986 1987 1988
Sh'l:pments (mllllc:’n “:Iollars):
or gears used in—
Mc?tor vehicles ..................... 9,589 10,564 10,466 11,068 11,876 5.5
Industrial products .................. 1,639 1,571 1,529 1,536 1,679 0.6
Aerospace products ................ 811 785 895 893 929 3.4
Marine products ................... 254 249 249 265 276 2.1
o Total L. SN 12,293 13,168 13, 139 13, 762 14,759 4.7
Operating margin (percent) ............. (¢ (2 9.6 10.9 (2)
gaﬁltalfexpelng:tures ’sdt?lmon dolla:"g‘ iie 394.4 437 .1 485.8 729 4 646.4 13.1
atio of capital expenditures to shipments
(p ercent)p .. xp ..................... 3.5 3.4 4.0 5.8 4.9 8.8
E&D e);pgggtures' ..................... §3.8 65.3 68.7 711 77.7 9.6
atio o expenditures to shipments
(percent)' . p ....................... 0.5 0.5 0.6 0.6 0.6 4.7
Production workers (thousands):
Motor vehicles .................. .00 62.9 60.8 61.8 60.2 61.3 -
Industrial products .................. 16.8 14.8 14.3 13.7 14.9 -
Aerospace products ................ 5.3 52 6.0 5.6 5.6 1.
Marine products ................... 2.8 2.6 2.6 2.7 2.8 )
Total .. .oiiiiiiii i i 87.8 83.4 84.7 82.2 84.8 -
Exports (million dollars): )
For gears used in— -
Motor vehicles ..................... 1,737 1,946 1,662 1,684 2,101 4.9
Industrial products .................. 145 148 136 146 167 3.6
Aerospace products ................ 98 119 119 129 144 10.0
Marlno products ................... 7 8 9 1 13 16.7
........................... 1,987 2,221 1,926 1,970 2,425 5.1
Im orts (mllllon doflars):
or gears used iIn— :
Motor vehicles ..................... 1,444 1,521 1,702 1,944 2,118 10.1
Industrial products .................. 2686 329 392 480 561 20.5
Aserospace products . 25 k)| 39 41 50 18.6
Marine products ... [} 8 9 10 12 18.9
Total .......ciiiviiiiiiranenans 1,744 1,888 2,141 2,474 2,741 12.0
Apparent consumption (miilion doliars):
For gears used in—
Motor vehicles ..................... 9,296 10,139 10,507 11,328 11,893 6.4
Industriat products .................. 1,761 1,751 1,785 1,870 2,073 4.2
Aerospace products ................ 738 897 81§ 834 3.1
Marineproducts ................... 25 249 249 264 275 2.1
Total ...ttt 12,047 12,836 13,355 14,267 15,075 5.8
Trade balance (million dollars):
For gears used in—
Motor vehicles ..................... 93.2 425.5 (40.4 260.3)  (16.8) -
Industrial products .................. (121 .7& (180.7& (255.1 333.8& (394.4; 34.2
Aerospace products ................ 78, 87. 80. 88. 94. 6.6
Marine products ................... 1.0 (‘& (‘; 1.0 1.0 )
Total ......civiiiiiiiiiiie 248.8 332. (215.4 (504.4) (315.9) -
Exports/shipments (percent):
or gears used in— .
Motor vehicles ..................... 18.1 18.4 16.9 15.2 17.7 -
Industrial products . ................. 8.8 9.4 8.9 9.5 9.9 3.0
Aerospace products ................ 12,1 1§6.1 13.3 14.5 15.5 6.4
Marine products ................... 2.8 3.2 3.6 4.1 4.7 14.4
Total ...t 16.2 16.9 14.7 14.3 16.4 0.4
Import penetration (percent):
For gears used in—
Motor vehicles ..................... 1§.5 16.0 16.2 17.2 17.8 3.5
Industrial products . ................. 15.1 18.8 21.9 25.7 271 15.7
Aerospace products ................ 3.4 4.4 4.7 5.0 5.9 15.1
Marine products ................... 2.4 3.2 3.6 3.8 4.4 16.5
Total .....ccoiiiiiiiiiiiiii 14.§ 14.7 16.0 17.3 18.2 5.9

! Compilled from data submitted in respome to questionnaires of the U.S. International Trade Commission.

2 Not available
3 Less than 0.05 percent.
4 Less than $50,000.

Source: E;tlmated by the staff of the U.S. International Trade Commission, except as noted.



®  The U.S. market for gears and gear products grew by nearly 25 percent during 1984-88, and
accounted for more than one-third of glabal consumption.

The U.S. market for gears and gear productsis the largest in the world and during 1984-88
rose 25 percent, from $12.0 billion to $15.1 billion. U.S. imports grew from $1.7 billion to $2.7
billion, or by 57 percent, during 1984-88. Import penetration rose from 15 percent in 1984 to
18 percentin 1988 (p. 6-1, table A). In 1988, the U.S. market accounted for 35 percent of global
consumption, which is estimated at $42.6 billion.

® Increased U.S. gear and gearing imports during 1984-88, principally supplied by Canada,
Japan, France, and West Germany, were attributable to three factors.

U.S. imports increased during 1984-88 principally because of (1) U.S. original equipment
manufacturers, as a cost-lowering measure, bought less expensive gearing from foreign
sources; (2) major Western European and Japanese producers were successful in their
concerted efforts to penetrate the U.S. market; and (3) Japanese parts producers supplied the
growing number of Japanese-owned auto manufacturers in the United States (p. 6-1). In the
early 1980s, flagging demand in home markets and the strong dollar made the U.S. gear
market attractive to foreign producers. Many U.S. gear consumers were facing difficult
market conditions and turned to imported gearing which, largely due to the exchange rate,
was often less expensive than the comparable U.S. product. A more recent trend is an increase
in imports of gearing by foreign-owned U.S. assembly plants, especially automotive, from
their parent companies.

® Inthe U.S. market, the lézeriest component of consumption is motor vehicle gearing, a market
that is strongly influenced by quality considerations.

In 1988, apparent U.S. consumption of motor vehicle gears and gearing accounted for
nearly 80 percent of total consumption of gears and gearing (table A); consumption of motor
vehicle gearing increased from $9.3 billion in 1984 to $11.9 billion in 1988. Imports accounted
for 16 percent of U.S. apparent consumption of motor vehicle gearing in 1984 and 18 percent
in 1988. A large percentage of these imports are from U.S. subsidiaries located in Canada.
Imports from Japan are primarily used in Japanese automotive transplant assembly
operations in the United States. The motor vehicle industry is characterized by rapid
technological change in virtually all major vehicle systems and producers must be somewhat
innovative to remain competitive. Product quality is an especially important consideration
for vehicle gear producers and the use of cubic boron nitride grinding technology is
becoming a critical element in remaining competitive (pp. 6-2 through 6-5).

® In the ULS. market, industrial gears and gear products, the second most important market
sector, grew irregularly during 1984-88, but imports’ share of the market more than doubled.

In 1988, apparent U.S. consumption of industrial gears and gear products accounted for
14 percent of total consumption of gears and gearing; consumption of industrial gears rose
from $1.8 billion in 1984 to $2.1 billion in 1988 (table A). Imports accounted for 15 percent of
U.S. apparent consumption in 1984, but rose to 27 percent in 1988. The increase in imports
resulted from increasing consumer demand for quality products competitively priced,
especially by foreign-owned gear assembly operations. The U.S. market for industrial
gearing is directly related to the overall investment in new plant and equipment in the
manufacturing sector and to expenditures on public works (pp. 6-5 through 6-6).

® ULS. demand for aerospace gears grew significantly during 1984-88, with imports nearly

doubling during this period.

In 1988, apparent U.S. consumption of aerospace gearing accounted for6 percent of total
consumption of gears and gearing; consumption of aerospace gears increased from
$738.0 million in 1984 to $834.0 million in 1988, or by 13 percent (table A). Aerospace gear
imports nearly doubled from $25.0 million in 1984 to almost $50.0 million in 1988 and the ratio
of imports to consumption rose from 3 to 6 percent during this period. The demand for
aerospace gears is heavily influenced by the demand for helicopters. Despite a downturn in
demand for helicopters, however, overall demand for aerospace gears increased during
1984-88 because of the unprecedented increase in sales of large civil transport vehicles
(pp- 6-6 through 6-9).



® U.S. demand for marine gearing remained level during 1984-88, but softened toward the end
of this period for small marine gearing, as imports obtained a larger share of the market.

In 1988, apparent U.S. consumption of marine gears accounted for 2 percent of total
apparent U.S. consumption of gears and gearing. During 1984-88, U.S. apparent
consumption of these gears rose irregularly, ranging from a low of $249 million in 1985-86 toa
high of $275 million in 1988, whereas the import-to-consumption ratio rose from 2 percentin
1984 to 4 percent in 1988 (table A). Increased imports of large marine gearing occurred in both
the government and commercial markets, due, in part, to lower prices. In late 1988,
consumption of small marine gears began to fall as sales of pleasure craft softened due to
saturation of the market (pp. 6-9 through 6-11).

®  The overall number of production workers in the LS. gear industry declined 3.6 percent
during 1984-88. :

There were an estimated 84,600 production workers in the U.S. gear industry in 1988,
down from 87,800 in 1984 (table A). Employment declined by 6.4 percent between 1984 and
1987 and then increased by 2.9 percent between 1987 and 1988. The overall decrease in
employment in the U.S. gear industry reflects increased automation and flat shipment trends
of the industrial and marine gear sectors. However, employment showed a slight increase
during the last year of the period; this increase can be attributed to an upturn in the marketin
1987 which necessitated an increase in employment (p. 4-5). -

®  Nominalwages for all U.S. gear productionworkers rose significantly; however, wages in real
terms reflected an increase of only 3 percent.

Total compensation, including fringe benefits, bonuses, and payments in kind, remained
relatively stable for the period, declining by 2 percent in real terms, although in nominal
terms, total compensation costs increased by 11 percent. Wages also declined in real terms, by
4 percent, while increasing 8 percent in nominal terms. Annual productivity per worker rose
by 17 percent in real terms (p. 4-5).

®  Skilled personnel necessary for U.S. gear manufacturing operations are in short supply.

Machinists and trainees with the necessary mathematical skills to become machinists are
most in demand. Firms attribute the scarcity of workers to generally low unemployment,
insufficient numbers of high school graduates with adequate mathematical and verbal skills,
and the low status of blue-collar jobs. On-the-job training has a significant cost, as it requires
taking otherwise productive skilled workers away from their tasks in order to train new
workers. Subsequently, some firms have worked with vocational schools to develop
programs covering rudimentary skills, such as blueprint reading and basic machine
operations. Many firms report high retention rates among workers recruited from these
schools (pp. 4-6 through 4-7).

®  During 1984-88, U.S. gear manufacturing capacity declined an estimated 9 percent.

The decline in capacity is based upon a number of different indicators such as plant
closings and declines in employment; however, partially offsetting such changes were
increases in productivity, as well as the rationalization of inefficient operations. For example,
adeclineof 15 percent for machinery in place was offset by the introduction of newer, more
efficient gear-cutting and finishing machine tools which resulted in improved productivity.
Decreases in capacity of some firms owned by U.S. producers have partially been offset by
new capacity added by foreign-owned gear producers as well as by other U.S. firms (p. 4-9).

® The level of capacity utilization by U.S. producers varied substantially among firms
producing for different markets.

For the U.S. gear industry as a whole, capacity utilization was 71 percent in 1988, as
measured in actual machine hours spent producing gears compared with available machine
hours. Many captive producers manufacturing gears and gearing for the automotive and
construction equipment industries have been operating at higher levels of capacity
utilization, in some instances close to 100 percent. Most producers of gearsand gearing for the



éemspace and specific industrial and marine products markets have been operating at lower
rates of capacity utilization (p. 4-11).

®  The level of profits generated by most UL.S. gear producers trended upward.

The increase in operating margin during 1986-88 was partly attributable to the general
improvement in the economy, especially in the automotive and machinery sectors. Net sales
rose slightly faster than production related costs. Although the percentage increase in
operating income was nearly twice that of sales, net income before taxes rose only 11.4
percent during 1986-88 as a result of a more than doubling of non-production-related
expenses, such as interest expense, plant closing losses, and write-offs of assets (p. 4-11,
table A).

®  Companies that can convince lenders that they will continue to generate revenues and that
they have valuable assets are likely to have an advantage in the capital markets over small job

shop operations.

The ability of gear producing firms to obtain financing and the rates at which they
borrow money are determined largely by the financial strength of the individual company.
The large proportion of companies in this industry that are small and that do not have a high
net asset value or an expected stream of future revenues from long term contracts often find
most conventional means of financing unavailable or unaffordable. Gear-producing
subsidiaries of large companies, such as captive producers in the automotive market,
generally meet their capital needs through their corporate financial centers and thus may
obtain capital at lower rates or in different ways than are available to smaller firms. U.S. bank
lending rates for short-and medium-term financing needs of the private sector declined from
slightly over 12 percent in 1984 to approximately 9 percent in 1988 (p. 4-12).

®  During 1984-88, the trend in capital expenditures for gear-producing machine tools in the
United States increased, but continued to lag behind the expenditure levels of foreign
producers.

Total expenditures on gear-producing machine tools by U.S. firms rose 48 percent
between 1984 and 1988, although such expenditures fell 11 percentbetween 1987 and 1988 to
an estimated $56 million. In spite of the increase during 1984-88, 1988 U.S. expenditures were
substantially below the 1980 level. Expenditures for this type of machinery by West German
and Japanese producers were significantly higher than for U.S. firms during 1984-88 and

- totaled over $130 million in 1988 in each of these two countries (pp- 7-13 through 7-14).

®  R&D expenditures by U.S. gear producers increased during 1984-88.

R&D expenditures by the U.S. gear industry rose annually during 1984-88, increasing
from $53.8 million in 1984 to $77.7 million in 1988, a 44-percent gain, but did not keep pace
with such expenditures by broader industry groups (p. 4-13). Gear industry R&D
expenditures represented less than 1 percent of shipments during 1984-88 whereas the level
of R&D for nonelectrical machinery industries, a similar but broader group, totaled 3.5
percent of sales in 1987. University gear research in the United States has lagged behind that
performed in West Germany and Japan. Traditionally, the bulk of gear R&D in the United
States is done at the company level and is generally not shared. Several ongoing projects in
the United States, especially the work of the ASME Gear Research Institute and the Defense
Logistics Agency’s newly established Instrumented Factory for Gears (INFAC), are designed
to improve the competitive position of the U.S. gear industry (p. 4-14, table A).

I1. Profile of major foreign gear industries

®  The Japanese gear industry had shipments of $8.4 billion in 1988 and employed an estimated
39,000 persons. .

Japan’s gear industry shipments were predominantly motor vehicle gearing, with the
bulk of the remainder accounted for by industrial and marine gearing. Japan’s aerospace
gearing industry is relatively small, but is growing through licensing agreements for larger



components, such as engines, and through co-production of aircraft with U.S. and Western
European aerospace producers. In 1988, the Japanese gear industry served a comestic market
estimated at $6.0 billion, and its exports totaled an estimated $2.5 billion. Approximately 83
percent of exports were of vehicle gearing. Imports of gearing products totaled just $90
million and consisted mainly of industrial and vehicle gearing. Major foreign suppliers were

the United States, France, and West Germany (p. 5-18).

® The West German gear industry had shipments of $4.8 billion in 1988 and employed an
estimated 23,000 persons. -

West Germany is a technological leader in industrial gearing; in contrast with other
major producers, shipments of industrial gearing accounted for approximately half of
production. West Germany is also a leader in marine gearing, especially for diesel engines,
and a significant number of firms produce for this market. The West German gear industry
serves a domestic market estimated at $3.2 billion, and exports about half of its production, or
$2.2 billion. Imports totaled $521.7 million, accounting for about 17 percent of domestic
consumption, about the same percent as in the United States, and were primarily from
France, Italy, and other EC countries (p. 5-3).

‘e Other iewd”t EC suppliers had aggregate shipments of $6.4 billion and employed an
estimated 32,500 persons. :

Italy, France, Belgium, and the United Kingdom are all highly industrialized,

" technologically advanced countries with significant gear producing industries. All four
_ countries are involved in the vehicle and industrial gearing sectors. France, the United

Kingdom, and Belgium also produce aerospace and marine gearing. The majority of firms in
each country are described as small-to medium-sized firms, operating as subsidiaries of
multinational producers, as captive suppliers to the vehicle or aerospace sectors, or as
independents operating in niche markets (pp. 5-8 through 5-18).

® Other suppliers include Canada, Korea, Taiwan, Mexico, and some of the newly
industrialized countries. :

The gear and gear products industry in Canada is closely integrated with U.S. vehicle
producers; the gear industry in Korea is also highly dependent on vehicle producers, both
domestic and Japanese. Taiwan has designated its gear industry as a “strategic industry”
permitting it to have preferential treatment. Major gear producers in Mexico and Brazil
produce primarily for domestic consumption. China has an almost unlimited supply of
low-cost labor and the potential to become a major supplier in the future and Singapore is a
focal point for transshipments among other Asian countries (pp. 5-23 through 5-27 and
app. J). : :

II1. Assessment of the global market for gears

® Estimated world consumption of vehicle, industrial, aerospace, and marine gearing,
measured in terms of U.8. dollars, rose sharply during 1984-88, but experienced only
moderate growth when measured in national currencies.

During 1984-88, the Commission’s estimate of world consumption of vehicle, industrial,
aerospace, and marine gearing, in terms of U.S. dollars, increased from $20 billion to $25
billion in 1984 to $40 billion to $45 billion in 1988. However, if these measurements utilized
national currencies that have appreciated against the dollar, the change in production and
consumption would be considerably smaller. For example, during 1984-88, production of
gearing in West Germany increased by 107 percent as measured in U.S. dollars, but
production as measured in Deutsche marks rose by 28 percent (p. 3-1)..



®  Motor vehicle gearin represents more than 60 percent of world production and consumption
of gears and g:r g ucts; the remainder is accounted for by industrial, aerospace, and
marine gearing. United States was a principal supplier to all markets, except marine
gearing.

The largest producers and consumers of vehicle gearing are those countries that have the
most significant automotive industries, namely the EC countries, the United States, Japan,
and Canada. Korea was a significant producer and consumer, although imports account for
an important, but decreasing, part of its total needs. West Germany, the United States, and
Japan are the world’s largest sources and markets for industrial gearing. The United States is
notonly the single largest producer of aerospace gearing, but the largestindividual market as
well (p. 3-1).

® During 1984-88, world capacity in the gear industry grew in most countries.

The number of facilities and investment in new machinery increased, especially during
1986-88, as the world economic situation improved. This was particularly true in newly
industrialized countries; during 1984-88, domestic shipments of Korea and Taiwan, for
example, increased nearly 94 percent to $280 million and 153 percent to $124 million,
respectively. These and other emerging suppliers are expected to become a greater force in
the world market over the next 10 years (pp. 5-23 through 5-25, app. J).

® During 1984-88, the value of the U.S. dollar changed significantly compared with the
currencies of many countries exporting gearing to the United States.

Western European currencies and the Japanese yen appreciated sharply against the
dollar in 1986 and subsequent years. Against these currencies, the real exchange rate index
increased by 30 to 50 percent or more during 1984-88 (pp. 3-2 through 3-3). The relative
decline of the dollar, all other things being equal, should make U.S. products more price
competitive and U.S. imports more expensive.

®  Excluding the non-market economies, 1988 world exports of gearing totaled an estimated
$11.2 billion and world imports totaled $8.8 billion.

In 1988, the largest exporters were Japan and the United States (22 percent each), West
Germany (19 percent), and France (10 percent) (p. 3-2). The majorimporting countriesin 1988
were the United States (31 percent), Canada (20 percent), and the United Kingdom (11
percent). The demand for gearing in these countries was principally for automotive gearing.
Japanese automobile transplants in the United States and U.S. automobile producers’
subsidiaries in Canada dominated the trade flows within, as well as into and out of, North
America. Japan’s exports as a share of production were 29 percent, compared with almost45
percent for West Germany, 16 percent for the United States, and 53 percent for France (p. 3-2).

®  The major suppliers and consumers of gearing in the non-market economies of the world are
the Soviet Union, Hungary, East Germany, and China.

Nonmarket economies supplement their own production with some imports, mainly
from Western Europe. Production in these nonmarket economies, as well as in South
America, Africa, and South Asia, is mostly destined for internal markets, but is insufficient to
meet total demand (p. 3-1).

® Product standards in gear trade are an important marketing tool and the ability to
manufacture to a variety of standards is an important asset for gear producers.

Despite the fact that standards are voluntary, they are often used by private and public
procurement officials in tender documents and may attain the status of a de facto requirement
in particular countries (p. 3-8). One of the most widely used standards is the DIN of West
Germany (p. 3-8). The American Gear Manufacturers Association (AGMA) has become more
active in the International Standards Organization (ISO) during the last few years and has
had some success in influencing ISO standards drafting (p. 3-7). AGMA standards are
receiving wider acceptance because of an emphasis on “serviceability” compared with the
more “academic” approach used for developing other countries’ standards (p. 3-8).

XV
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IV. Comparison of U.S. and foreign producers’ strengths and weaknesses

® Raw material costs are comparable for gear manufacturers worldwide. However, the cost of
bearings used in gear products has increased for U.S. producers.

According to U.S. and foreign industry sources, Japanese, European, and U.S. gear
producers face fairly comparable material costs. Since mid-1989, however, U.S.
manufacturers have paid a higher price for bearings due to a decline in U.S. production and
antidumping tariffs on bearings imported from key foreign suppliers. The costs of the
resulting shortages and double-digit bearing price increases have been passed on to
customers, reducing U.S. producers’ price competitiveness (pp. 7-9 through 7-10).

®  The United States experienced less growth in real hourly compensation costs for production
workers in 1984-88 than did most of its Western European competitors.

When adjusted for inflation, hourly compensation costs for U.S. production workers
were unchanged from 1984 to 1988; in West Germany, they increased in real terms by 3.5
percent over the period. In Japan and Canada, however, they fell by 3.1 percent and 0.7

percent, respectively (p. 7-7).

®  The supply of skilled labor worldwide has tightened in recent years, and employers are
pursuing a variety of training programs to ease the shortage.

As the current workforce ages, major world producers are finding it difficult to fill
entry-level and skilled manufacturing positions. Geography, labor force mobility, and the
economy are all factors; in addition, young people are not entering the skilled manufacturing
trades. Employers are assuming a major role in training new hires in a wide range of skills

(p- 7-9). |

® During1984-88, UL.S. interest rates were higher on average than those in West Germany and
Japan, but lower than those in other major gear producing nations.

U.S. banklending rates averaged 9.6 percent during 1984-88, compared with 9 percent for
West Germany and 5.8 percent for Japan. In other European countries, the rates ranged, on
average, from 10.5 percent in the United Kingdom to 16.9 percent in France (p. 7-12).

® ULS. gear producers are disadvantaged relative to European and Japanese manufacturers in
gaining access to capital.

Domestic producers believe that competing successfully in the future requires current

- capital expenditures to upgrade equipment. U.S. and foreign industry officials feel that in the

United States, investors typically focus on short-term profitability, unlike foreign investors
who generally consider return on investment over the long term (p. 7-12). One of the results
of this is that lending rates for research projects with long leadtimes are two to three times
higher in the United States than in many other countries. Operating with lower profit
margins than their foreign competitors, U.S. firms lack retained earnings, and the majority
arenotlarge enough to have easy access to capital markets. In contrast, certain of their foreign
competitors have relationships with larger firms and banks which assure more ready
availability of capital. In the United States, the integration of financial institutions and
industry, that is prevalent in countries such as West Germany and Japan, is prohibited
(p- 7-12).

®  University research and development expenditures in Japan and West Germany far exceeded
those of the United States, but technology leaders differ by market sector.

The United States spent less than $1.0 million in university gear research in 1985, as
compared with an estimated $3.8 million in West Germany and $5.0 million in Japan in the
same year. Both West Germany and Japan have extensive gear research centers in
universities, cooperating and sharing information with private corporations and
government agencies. In the United States only a few of these centers exist; almost all
research is done at the company level and remains proprietary (p- 7-2). While the U.S. is
believed to be the leader in aerospace gear technology, it lags behind its competitors in
technology for automotive and marine applications, for which West German firms are



believed to have an advantage. No clear leader in industrial gearing technology has emerged
(p-7-3). ‘

®  Most U.S. gear manufacturers lag behind their Japanese and Western European counterparts
in adopting new machine-tool technology.

During 1984-88, U.S. expenditures for gear-making machine tools were $264.0 million,
compared with $542.8 miilion for West Germany and $428.4 million for Japan (p. 7-14). The
world’s leading machine tool manufacturers are located in Japan and Western Europe,
particularly in West Germany. As a result, gear producers located in or near those countries
can experiment with and integrate the latest in machine-tool technology in their facilities
before it arrives in the United States (pp. 7-13 through 7-14 and app. E).

® The U.S. machine tool industry ranks behind Western European and Japanese machine tool
builders for some critical types of machinery.

Industry sources indicate that the technology and quality of West German, Swiss, and
Japanese gear-making machine tools equal or surpass that of U.S. producers. For instance,
West German and Swiss machine tool builders excel in bevel gear grinding machine tools
and Japanese manufacturers produce excellent hobbing and grinding machines. Foreign
machine tool firms are characterized as large, technologically advanced, multi-product firms
known for high quality, moderately priced products; some are subsidiaries of much larger
firms. U.S. machine tool firms, while technologically advanced, are smaller and more
specialized (app. E).

®  Onaverage, the equipment currently in use by LS. manufacturers is older than that of West
German and Japanese producers.

According to trade surveys, 88 percent of the gear-cutting and finishing machine tools in
use in the United States in 1989 were more than 10 yearsold; in Japan, only 63 percent were of
that age. West German sources estimate that the average age of critical manufacturing
machines is less than 10 years. Older machinery tends to require more frequent maintenance
and repair, which reduces its productive time. Also, technology embodied in new machinery
enables manufacturers to maximize their productivity (p. 7-14).

V. U.S. and foreign industry and U.S. consuming industry views

® U.S. manufacturers claim that some government actions have harmed the competitiveness of
the U.S. gear industry in global markets.

U.S. manufacturers claim that antitrust and product liability laws, tax policy, OSHA and
EPA regulations, and other government policies harm their competitiveness (p. 4-14);
moreover, according to U.S. producers, incentives to export are practically nonexistent. In
contrast, a number of foreign producers receive support from their governments, which
allows them to be more competitive. This support includes accelerated depreciation for new
machinery, encouragement for mergers and acquisitions, and, in most European countries,
government rebating of VATs. The followin g specific taxation issues concern many U.S. gear
manufacturers: (1) the treatment of depreciation under the Modified Accelerated Cost
Recovery System; (2) the corporate alternative minimum tax; (3) the elimination of the
Investment Tax Credit; (4) the current tax treatment of capital gains; (5) the treatment of
“goodwill” under the U.S. tax code; and, (6) changes in the present tax code concerning
foreign tax credits (pp. 4-16 through 4-17).

® ULS. gear producers claim LL.S. product liability laws inhibit research and development

efforts.

U.S. producers’ insurance costs have risen dramatically in recent years in the face of
product-liability lawsuits. As a result, according to industry sources, some firms cannot
afford the high insurance premiums and have been forced to curtail oreliminate research and
new-product-development efforts. Many U.S. firms feel that, in order to avoid product
liability problems, they must produce only proven designs with extra measures incorporated
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to ensure durability and longevity, and to stress design of products to more stringent
standards. This hinders them from competing against foreign companies that can more
readily offer new products and designs (pp. 4-17 through 4-18 and 8-4).

U.S. firms maintain that while businesses and manufacturers should be held liable for
injuries caused by their products due to their own negligence, liability laws must be
uniformly enforced and penalties reasonable. Under the current system, U.S. businesses
assert that they can be forced to pay large settlements for injuries that they did not cause; itis
not always necessary in the U.S. legal system to show that the target of such a suit was
responsible for injuries. U.S. firms maintain that this gives foreign firms a competitive edge
over their U.S. counterparts since other industrialized countries have a fault-based standard
of liability or other judicial or institutional differences that reduce the uncertainty of liability
lawsuits. The fault-based system sets more rigorous standards for the proof of fault and the
proof of the absence of contributing fault on the part of the plaintiff (p. 8-4).

e Certain U.S. Department of Defense policies are eroding the U.S. defense industrial base,
according to some LS. producers.

Some U.S. producers believe they are harmed by the Defense Department’s practice of
purchasing on initial bid price rather than the life cycle cost of the product. This policy favors
the low-cost producer whether it is the manufacturer that has invested heavily in research
and development to produce a superior product or another, perhaps less knowledgeable,
producer. Other sources believe that defense weapon systems are increasingly relying on
foreign gears and gear products purchased as a result of offset agreements or of contracts
awarded to the lowest bidder. Some firms have advocated the strict enforcement of ‘Buy
America’ procurement regulations in order to counter shifts in purchases to foreign goods
(pp- 8-1 through 8-2).

e U.S. distributors cite improved product assortment, price, quality, service, and leadtime as
the primary areas U.S. producers need to address in order to remain competitive in the LL.S.
market.

Some U.S. distributors criticize U.S. gear manufacturers for not offering a complete
assortment of gear products at a competitive price. U.S. distributors believe that if U.S.
manufacturers are to retain their market share, they must develop products that are
competitive in terms of quality and price, increase communications with customers, shorten
lead times, and build export marketing networks. Others feel that cost structure and design
factors must be reexamined to reduce prices and R&D must be increased. Foreign producers
believe that U.S. production is primarily intended for the domestic market and is therefore
not truly competitive with the assortment of products available from foreign sources (p. 8-5).

® U.S. producers expressed concern over the way gears and gear products are currently
classified under U.S. Government statistical programs.

They are concerned that a large part of current domestic industry activity is not covered
by the Standard Industrial Classification system. Similarly, import statistics of products from
other countries (especially Canada) to the United States are not collected in categories thatare
useful to the domestic industry (p. 8-2).

® LS. producers expressed concern over the current pattern of foreign investment in the
United States.

U.S. producers are facing increased competition from foreign-owned firms that are
locating in the United States in order to increase their market share. Such firms are not
investing in existing U.S. operations but are constructing new facilities or are establishing
marketing agreements with U.S. distributors. Foreign automobile manufacturers are locating
in the United States and are sourcing gears from their home country (p. 8-2).



® . ULS. industry sources allege unfair trade practices by foreign suppliers, citing as an example
import przct;y that are sulgantially lower than U.l?.l prod%zncers’ prices, despite unfavorable
exchange rates for the imports.

Foreign suppliersstate that price differences are a result of their different gear production
technology and the production of gears for different applications. Domestic firms advocate
the implementation of reciprocal trade agreements between the United States and those
countries exporting to the United States, and matching U.S. import tariffs with those faced by
U.S. exports (pp. 8-3 through 8-4).

® U.S. firms indicated that trade barriers significantly inhibit the free flow of U.S. exports into
major foreign markets.

Trade barriers named included high tariffs, import licensing requirements, technology
transfer requirements, subsidies, local content requirements, exchange and other monetary
or financial controls, and discriminatory sourcing. Countries most often cited with
significant barriers to tradeinclude Japan, Argentina, Australia, Brazil, the EC memberstates,
India, Mexico, Korea, China, and the Eastern Bloc (p. 4-4).

®  According to U.S. manufacturers, finding and retaining skilled labor is difficult and current
training programs are inadequate and outdated.

A number of countries report a similar lack of skilled workers. Those U.S. firms that offer
in-house training report that many employees leave for higher paying jobs with other firms.
Unlike the United States, where training programs receive little or no government financing,
assistance is provided for training programs in the EC and Japan (p. 7-9).

In some countries, such as West Germany, vocational training and apprenticeship
programs are used to train a skilled labor force. In other European countries and in Japan,
however, such programs are not widespread and manufacturers express concerns similar to

their U.S. counterparts regarding attracting younger employees to these programs (p. 7-9).

Based on comparisons of the U.S. gear industry with the U.S. gross national product
(GNP) and broader industry groups, growth in total U.S. gear industry shipments have
lagged behind that of the GNP and the motor vehicle sector, kept pace with that of the
durable goods sector, and surpassed the growth in all manufacturing (table B). Employment
inthe U.S. gearindustry fell slightly during 1984-88, whereas it rose 3 percentannually in the
motor vehicle industry and less than 1 percent in all manufacturing during the same period.
Capital expenditures, especially among U.S. vehicle gear producers, increased substantially
during 1984-86, as new machinery was required for new generations of automotive
transmissions, and then declined. Such expenditures increased at an average annual rate of 4
percent, compared with 7 percent for all manufacturing during the period.



Table B

Coi~parisons of the U.S. gear industry with other U.S. Industries, 1984-88

Average annual

percentage
) " change,
Item 1984 1985 1986 1987 1988 1988 over 1964
U.S. gross natlonal product
(blllondoliars) ....................... 3,772.2 4,014.9 4,231.6 4,524.3 4,880.6 6.7
U.S. producers’ shipments: ,
Durable goods (blilion dollars) .......... 1,159.5 1,188.2 1,199.9 1,263.5 1,388.2 4.6
Gear industry (bilion doHiars)' .......... 12.3 13.2 13.2 13.8 14.8 4.7
Motor vehicle and equipment
Industry? (blilion dollars) ............. 179.3 188.5 191.6 197.0 219.3 5.2
All manufacturing (billion dollars) ....... 2,254.4 2,280.2 2,260.3 2,3%90.0 2,611.6 3.7
U.S. trade balance (deficit):
Gear industry (miiion dollars)' ......... 246 333 (215) (504) (316) -
Motor vehicles and equipment
Industry? (blilion dollars) ............. (27.9) (37.7) (48.6) - (49.5) (45.8) -
All manufacturing (billion dollars) ....... (107.9) (132.1) (152.7) (152.1)  (119.8) -
U.S. employment (production workers):
Gear industry (thousand persons)' ..... 87.8 83.4 84.7 82.2 84.6 -
Motor vehicle and equipment )
Industry? (thousand persons) ........ 753 884 865 865 856 3.3
All manufacturing (thousand persons) . .. 20,995 20,878 20,962 20,935 21,320 0.4
U.S. capital expenditures as a :
share of net sales: :
Gear industry (percent)® .............. 3.5 3.4 4.0 5.8 - 49 8.8
Motor vehicle and equipment )
Industry? (percent) ................. 3.8 5.5 - 6.4 4.6 4.4 3.7
All manufacturing (percent) ........... 3.9 4.3 4.1 4.3 5.1 6.9
U.S. import penetration ratio: .
Gear market (percent)' ............... 14.5 14.7 16.0 17.3 18.2 5.9
Motor vehicle and equipment .
industry? (percent) ................. 21.9 21.2 27.6 28.5 . 28.7 5.1
All manufacturing .................... 11.0 11.7 13.1 13.4 13.4 5.1
! Estimated by the staff of the U.S. International Trade Commission.
2 Includes products classifled In Standard Industrial Classification industry grouping 371. .

? Capital expenditures as a percent of shipments based on data reported

» Commission questionnaires.
Source: Data are complied from official statistics of the U.S. Department of Commerce, except as noted.



Chapter 1 ‘
Product Description and Uses

Overview

Gears are toothed wheels that are connected in
various ways to transmit motion and force in
machines. In most cases, one gear wheel turns at a
rate different from that of the other and rotates in a
different direction. A difference in speed between
two gears produces a change in the force
transmitted.! Gears are joined together with other
gears and elements, such as shafts and belts, to
transmit motion between input and output shafts at
aconstantratio.2,3 Gearsare available in a variety of
sizes, shapes, and materials; the choice depends on
the application.4

Applications
Gears and products have applications in
most of powered machinery. They are

essential for the operation of vehicles and industrial
machinery as well as aircraft and ships. For the
pu of this study, there are four principal
as:p ications of gears and gear products that will be

: motor vehicle gearing, which includes
both on-road and off-road vehicles; industrial
gearing for products ranging from steel mills to
photocopy machines; aerospace gearing; and
marine gearing for military and commercial ships
and pleasure craft.

Motor Vehicle Gearing

Motor vehicle, or “vehicle,” gearing falls into a
number of different SIC codes:5 vehicle aring for
automobiles, trucks, and buses is classified under
SIC 3714; gears for vehicles used in the construction
industry are found under SIC 3566; and gearing for
agricultural vehicles is included in SIC 3523.

ehicle gearing includes gearing used in drive
assemblies, such as transmissions, and in engines,
as well as other applications, such as rack-
and-pinion steering and windshield-wiper ass-
emblies. Generally, these gears are mass produced.

Industrial Gearing

Industrial gears and gearing fall under SIC 3566.
Industrial gearing is used in machinery and

41‘ David Macaulay, The Way Things Work (Boston, 1988),
p-41.

2 John C. Lerning, “Basic Gearing,” presented at 16th
Annual Gear Manufacturing S posium, A‘Pr. 10-12, 1988, p. 1.

3 In the nomenclature of tK:\ industry, “of two gears that
run together, the one with the larger number of teeth is called
the gear.” The pinion is the gear with the smaller number of
teeth. See also American Gear Manufacturers Association, Gear
Nomenclature (Geometry), Terms, Definitions, Symbols, and
Abbr‘ev{g_téons (Arlington, VA, 1976), pp. 1-2.

id.

® The Standard Industrial Classification (SIC)is the U.S.
statistical classification standard underlying all Federal
economic statistics classified by industry.

equipment of all sizes in a wide range of
applications. It is found in heavy industrial
equipment— material-handling and material-pro-
cessing machinery, blowers, compressors, pumps,
and all types of mixers —as well as in nonindustrial
machines, such as hand-held appliances, power
tools, photo-processing machinery, and rotation
equipment on radar antennas and microwave,
satellite dish, and telescope platforms. End-use
applications for industrial gearing are numerous;
some of the more prominent include pulp and
paper, lumber, mining, steel and aluminum, food
processing, printing, textile, and sewage disposal
machinery.

Aerospace Gearing

Aerospace gearing is found under a variety of
SIC mvgiions. Aingraft engines, and parts and
auxilgary equipment are classified under SIC 3724
and 3728, respectively. Engines and engine parts
for guided missiles and space vehicles are found
under SIC 3764. Communications satellites are
included in SIC 3663. For aerospace applications,
the ability to transmit high levels of power with a
lightweight, reliable gear assembly is crucial.

Marine Gearing

Marine gearing is classified under SIC 3566 and .
SIC 3568. Gears in this category include relatively
small gears used in pleasure craft, which are
typically mass produced; moderate-sized gears for
vessels such as e tugs or fishing boats; and the
large, custom-produced gears used for oceangoing
diesel or gas-turbine-driven ships. End users of
these gears include the commercial and defense
shipbuilding industries.

Gears and Gearing

There are basically four main types of gears:
spur, helical, bevel, and worm. (For further detail on
product categories, see app. D). In addition, there
arecertain special gears that serve the same function
but cannot be classified in conventional groupings.
Gear products can be further categorized by the
position of their shafts, whether parallel or
nonparallel, and, if nonparallel, whether inter-
secting or nonintersecting.

Spur Gears

When spur gears are used, two gear wheels
intermesh in the same plane, regulating the sgeed or
force of motion and reversing its direction. Spur
gears are generally the easiest to manufacture and
the most commonly used, especially for drives with
parallel shafts. They have straight teeth which are
cut parallel to the axis of rotation.”

® Macaulay, The Way Things Work, p. 41.

A:;lll’ower Transmission Design Handbook 1989 (Cleveland),
p- .



The three main classes of spur gears—external
tooth, internal, and rack and pinion —are shown in
figure 1-1. External-tooth gears, as the name
implies, have teeth cut on the outside edges of the
wheels. This is the most common type of spur gear
and it is typically used in pump and compressor
assemblies and aircraft gear boxes. Internal gears
have teeth cut on the inside surface of a ring, and

Figure 1-1
Spgr gears

one or more external-tooth spur gears are mounted
inside. This?peofgeariso used in small gear
motors, wind turbines, and marine drives. With
rack-and-pinion , one wheel, the pinion,
meshes with a sliding toothed rack, converting
rotary motion to back-and-forth motion, or vice
versa. These gears are most commonly found in
vehicle steering mechanisms.

Internal gears

Rack-and —pinion gears

Source: Manufacturing Technology Research Needs of the Gear Industry, IT Research Institute, December 1987.



Helical Gears

Helical gears are similar to spur gearsand can be
classified in the same three categories, external,
internal, and rack and pinion. These gears differ
from spur gears mainly in the shape of the teeth (see
fig. 1-2). Helical gear teeth are cut atan angle across
the face of the gear, whereas spur gear teeth are cut
parallel to the axis on which the gear rotates. The
difference in the configuration of the teeth results in
less wear and vibration; however, because the gears

come together with slightly more of a sliding motion -

than do spur gears, lubricants that are able to
minimize metal-to-metal contact are essential. A
common use for helical gears is in automotive
transmissions, where such gears are partially
replacing spur gears. Herringbone gears are a
special form of such gears that contain two helical
gears with teeth cut atopposing angles and nospace
in between. One of the many uses for herringbone
gears is in extruding machinery.

Figure 1-2
Helical gears

Bevel Gears

In bevel gear mechanisms, two wheels
intermesh at an angle to change the direction of
rotation and, if necessary, the 9sgeed and force. The
shafts intersect, typically at a 90-degree angle. The
two types of bevel gears shown in figure 1-3 are
distinguished by their teeth. Strai§ht-tooth bevels
have teeth cut straight across the face of the gear,
but spiral bevel gears have curved teeth and
produce smoother, quieter operation than do
straight-tooth bevels. Bevel gears are used in many
types of vehicle power transmission <ystems
including aircraft gear boxes, motor vehicle
transaxles, and locomotive axles.

Hypoid gears are a form of sriral-bevels, in that
they have curved teeth (see fig. 1-4); however, their
shafts do not intersect. They are known for their
strength, rigidity, and operating smoothness. They
are ftequenth used in rear axles of automobiles
with rear-wheel drives and, increasingly, in
industrial machinery.

Source: Manufacturing Technology Research Needs of the Gear Industry, IT Research Institute, December 1987.

Figure 1-3
Bevel gears

Straight—tooth bevel gears

Spiral bevel gears

Source: Manufacturing Technology Research Needs of the Gear Industry, IIT Research Institute, December 1987.



Figure 14
Hypoid gears

Source: Manufacturing Technology Research Needs of the Gear Industry, IT Research institute, December 1987.

Worm Gears

Worm gear mechanisms consist of a shaft with
an involute (screw) thread, or worm, that meshes
with a toothed wheel to alter the direction of motion
and change the speed and force (see fig. 1-5).
Generally, the worm acts as the driver, revolving
several times to pull the wheel through a single

Figure 1-5
Worm gears

revolution. The shafts are nonparallel, usually at
right angles, and nonintersecting. Compared with
other gear types, worm gears are noted for their
higher rates of wear and for the higher
temperatures resulting from friction between the
worm and the gear. Worm gears are frequently
used in material-handling machinery such as .
conveyors, elevators, and cableways.

Source: Manufacturing Technology Research Needs of the Gear Industry, IIT Research Institute, December 1987.
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Other Special Gears

Some companies have taken basic gearin
concepts and dgrived special of gears, whic
they have Eatented. These include Gleason Corp.’s
patented Zerol™ bevel gears, and ITW Corp.’s
patented Spiroid™ gears (see fig. 1-6). These

of gears compete with conventional gears in"that
they can be used to perform the same functions.
These special gears are often used to overcome
space constraints or because they offer a
combination of features that are not available in
conventional gears. However, their use must be
designed into the product from its inception; they
generally cannot replace conventional gears.

Gear Products

Gears are generally designed and assembled
to%ether with appropriate shafting, bearings, and
lubrication in a sealed housing that will trar‘:lsmit

wer (torque and s ) with efficiency, and yet
g?fer a cel;gain prodzitedlife cycle and cl);liabili};y.
Such configurations are generally called speed
reducers, but are known by a variety of names such
as gear boxes, speed increasers, enclosed gear
drives, and gearmotors.8

Moderate speed industrial reducers generally
have a maximum s of 3,600 rpm and are driven
at a full load of 1,725 rpm or less. Such reducers
account for a significant share of the market.
High-speed industrial reducers used, for example,
in the petrochemical industry and on
turbine-driven compressors have a speed as high as
20,000 rpm, and may, in a few special, limited
applications, approach 60,000 rpm. Speed reducers
are selected for a particular application depending
upon the input and output shaft arrangement, type

® For purposes of this report, these products are also
referred to by the generic terlx’no “gearing.”

Figure 1-6
Certaln special gears

of gears used, and the ratio? and horsepowerranges.
Speed reducers, excluding transmissions in
aircraft and motor vehicle transmissions, may be

grouped according to  their mounting
arrangements:  base-mounted, gearmotor, and
shaft-mounted.

Base-mounted reducers have the feet of the
reducer housing bolted to a stationary platform.
The prime mover, either a motor or engine, is also
mounted to the same platform or onto the reducer
itself. Such a reducer generally has a high-speed
input shaft connected to the prime mover and a
single or double output, or lower speed shaft,
connected to the machine element to be driven. A
shaft-mounted reducer has a hollow output shaft
that l'sel:})s over a driven shaft, which then supports
the reducer. The housing of the reducer may be
mounted to a stationary platform.

Gearmotors are enclosed gear sets with a prime
mover; the motor is attached to the reducer frame or
the reducer can be attached to a frame supportin
the motor. A gearmotor is a configuration in whic
the motor is an integral part of the total article,
rather than a configuration in which a motor can be
easily attached to a reducer with an adaptor-
coupling interface. The latter configuration is
referred to as a motorized reducer.

Furthermore, there are special applications of
gear arrangements, principally defense-related,
that perform a number of unique functions. For
example, mechanisms that open the bay doors of
shuttles, robot arms that deploy cargo for shuttles
and satellites, and guidance actuator systems on -
missiles all have gear assembly components.

° “Ratio range” is the number of revolutions required by
the pinion to rotate the gear one complete revolution.

Zerol™ bevel gear

SpiroidTM gear

Source: Manufacturing Technology Research Needs of the Gear Industry, IIT Research Institute, December 1987.






Chapter 2
' Processes and Technology

Production

Gears are manufactured either by machinin%\a
gear blank or by a variety of forming processes. The
manufacturing process may vary according to the
design characteristics of the ﬁlear produced, but the
basic production method is the same. Machining a
éear involves cutting or grinding gear teeth.

orming a gear involves processes such as precision
forginF, in which the gear is stamped out in a press,
or molding, which includes the use of powdered
metals. Other forming processes include form
grinding, broaching, rolling, and shearing. After
the gear teeth are cut, the gearis generally hardened
in a heat-treating and/or uenching process. The
gear surface is then finished in any one of a number
of surface-finishing operations. High-performance
gears, because of the precision and durability
required, are usually machined, whereas gears that
are subject to less stress are formed.

Aleading force for change in machinin§ gearsis
end users’ demand for gears with closer to erances,
¥rheater wear resistance, and lower failure rates.

is, in turn, drives manufacturers to seek
computer-controlled machine tools and cutting
tools that can repeatedly produce gears to extremely
fine tolerances—in many cases to tolerances less
than a quarter of the thickness of a human hair. To
ensure quality, computer-controlled measuring
equipment is required. Other areas that become
more critical as a result of machining to closer
tolerances are the selection of materials, surface
treatment, and precision metallurgical testing
equipment. Attention to such factors ensures that
the consistency of the material properties of the gear
is maintained during machining and surface
treatment operations, including heat treatment and
final grinding.

Selection of Gear Materials

Gears are made from a variety of materials
according to their characteristics and suitability for
the application. Factors in the materials selection
process include resistance to wear, integrity over
temperature ranges, heat-treating capability, tensile
strength, and machinability. A variety ‘of alloy
steels, bronzes, and other metals may be used. These
materials are then grocessed into general shapes or
gear blank shapes by forging, casting, or rolling.

In some applications, hardness, wear, and
fatigue resistance are the most important factors.
Hardness is a function of both chemical composition
and heat treatment. If extensive heat treatment is
necessary, the “memory” of the material through

! “Machining” refers to working metal by removing chips
of metal from the workpiece.

heat treatment is an important quality. Gear steels
are generally chosen according to their ability to be
either through- or case-hardened. Case-hardened
steels allow for a hard exterior, while permitting the
center of the gear to remain softer and more ductile
so that the bending stresses will not fracture the
gear during operation. These steels have a relatively

. low carbon content. Through-hardened steels

result in a gear having uniform hardness
throughout, and having a relatively high carbon
content. Steels used by the gear industry may be
alloyed with metals such as chromium, nickel,
molybdenum, and vanadium. Bronze is principally
used in worm gearing. Typically, the worm is made
outof case-hardened steel and its companion gearis
made from bronze. The heat generated in the
friction of meshing in worm gearing is readily
dissipated by the bronze worm gear. Bronze is also
used in many small gears.

Materials research and development is a
significant factor in developing a superior gear or
ear product. The American Society of Mechanical
éngineers (ASME) Gear Research Institute (GR]) is
currently conducting research on austempered
ductile iron (ADI)2 as a material from which certain
ﬁears could be made.3 Many benefits of using ADI
ave been cited, including fatigue resistance,
roughness, low cost, light weight, noise and ‘
vibration dampening, improved wear and scuffing
resistance, and flexibility in design for optimal
shape. ADI gears have ‘a relatively low carbon
content.* ADI castings are also less expensive than
forgings and possess similar, if not greater, material
strength.S

Machine Operations

The manufacture of a gear requires numerous
different types of operations. An overview of the
major gear-manufacturing processes is presented in
figure 2-1. The manufacture of a gear starts with a

ear blank, generally a forging, casting, a cold

orming, or a piece of bar stock. The blank is worked
on a lathe or machining center to do any required
finish turning and facing operations priorto cuttinﬁ
the gear teeth. The teeth are cut into the gear blan
on a milling machine, shaping machine, hobber, or
bevel generator, depending on the type and quality
of dgear. A slightly oversized gear is generated in
order to allow for a layer of surface metal to be
removed after heat treatment or during finishing
operations.

2 Austemrered ductile iron is a stronger, less brittle form of
iron that resuits from the addition of certain alloys in the
molten stage and controlled heating and cooling treatment,
which alters the form and distribution of the carbon contained
intheiron. .
5 398 L;SITC staff interview with officials of ASME-GRY, Sept.
1, 1989.

* “Austempered Ductile Iron: Technology Base Required
{for an Emerging Technology,” Gear Technology
(October-November 1984), pp. 31-36.

® John A. Vaccari, “Why the Interest in ADI Castings,”
American Machinist, September 1989, p-58.
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Figure 2-1 .
Gear manufacturing processes.

FORM GEAR BLANK
Machining of forging, casting,
or cut bar stock

FORM GEAR TEETH ON GEAR BLANK
Miling, shaping, broaching, hobbing, bevel
gear generating, or other process

HEAT TREATMENT TO INCREASE
GEAR HARDNESS
Carburizing, nitriding, or inductive heating;
.quenching and tempering

SMOOTHING GEAR SURFACES TO REMOVE
HEAT DISTORTION EFFECTS

AUTOMOTIVE GEARS
Lapping or honing with abrasives

AEROSPACE, MARINE,
AND INDUSTRIAL GEARS
Finish cutting and grinding, including
use of CBN* tooling; shot peening
(aerospace gears) -

FINAL FINISHING AND INSPECTION
Deburring; nondestructive material,
backlash, and tooth contact testing

* Cublc boron nitride—an extremely hard abrasive material.

Source: Complled by the staff of the U.S. International Trade Commission based on information from lliinois institute of
Technology Gear Research Institute, Speco Corp., and Ishikawajima-Harima Heavy industries Co., Ltd.

Milling machines can be used to rough cut the
gear teeth. Further g‘mﬁling of the gear teeth may be
done by hobbers, shapers, or shavers. Hobbers are
special machines for cutting gear teeth using a
cutting tool called a hob. A hob is cylindrical with
multiple rows of teeth following a helical Yath
around the base. The hobber moves the gear blank
in tandem with the rotation of the hob, generating a
curved gear tooth profile. Shapers generate a tooth
form by rotating a workpiece between reciprocating
strokes of a cutting tool that resembles a gear.
Shavers are used to improve the accuracy and/or
uniformity of the gear tooth following gear-cutting
operations, but prior to hardening in heat
treatment. The shaver uses a serrated-edge cutting
tool in the shape of a gear with helical teeth to
“shave” small amounts of metal from the gear.

Increasingly, production of spur, helical, and
other gears is performed on computer-controlled
machine tools that allow the operator to p:
th;fear specifications into the machine that will
produce the gear. Because of the drive toward
producing gears with closer tolerances,
computer-controlled machine tools are becoming

2-2

standard in the industry. Bevel and hypoid gear
teeth are cut on special, multiaxis machine tools.
Because of the complexity of the operations they
perform, these machine tools have electronic
controls. Only recently have these machines

incorporated computer controls.

Depending upon the application of the gear,
inspection during or after each machining
operation may be performed. In high-volume
manufacturing of gears, statistical sampling may be
used to check that gear teeth are being cut to-
uniform specifications.

Surface Treatment

Surface treatment includes heat treating,
lapping, and grinding. After the gear teeth are cut,

- the gear may be heat-treated to harden the gear

surface and increase both wear and fatigue
resistance. Heat treatment also relieves stresses
built up in the gear during previous machining
operations. Heat treatment involves placing the
gear in special furnaces that diffuse carbon or
nitrogen atoms into the gear surface. Carburizing is
done in gas atmospheres at temperatures ranging



from 1,650°F to 1,800°F, and may take up to 24
hours. The gear is then quenched in oil, usually ina
quenching press. The interior of the press containsa
mold similar to the shape of the gear, so the gear,
which may have chang:d shape slightly while
being heated, is forced back to its original shape.
Even so, some dimensional distortion may still

occur. Nitrating mrmed atlower temperatures,

approximately 1 It is a much slower process,
and may take up to 10 days. The resulting hardened
surface is not as thick as with carburizing. However,
nitrating does not require quenching in oil after
heat treatment and any dimensional distortions are
minimal.

After heat treatment, the gear may be |arped or
honed with an abrasive compound. The lapping
process polishes the surfaces of the gear, corrects
minor distortional errors, and removes nicks and
burrs, thus reducing noise, or vibration, when the
gear is in operation. Spur, helical, and other parallel
axis gears are lapped by running in mesh with a

-shaped lapping tool. However, lapping is no
onger recommended as a finishing method for spur
and helical gears because other processes have been
developed that produce better results. Bevel gears
are lapped by running in mesh with their pinions.
In the automotive industry, most gears are finished
by lapping with an abrasive compound.

~ Gears used in high-performance applications,
with tolerances of less than .001 inches, must be
ground. Grinding removes dimensional distortions
resulting from the heat-treatment and quenching
rocesses. However, grinding must be precise
use some of the very thin hardened surface that
was obtained through heat treatment is being
removed. If too much is removed, the effects of heat
treatment are negated. Generally, grindin
involves usinga wheel that is dressed, orcontouretf,
to the desired tooth form. A cubic boron nitride
(CBN) wheel, which is harder than many other
abrasives, may also be used.® Special gear grinders
must be used for bevel gears. Grinding to precise
tolerances may require special conditions. In some
instances, rooms with floors that are physically
detached from the rest of the factory floor are
constructed in order to prevent vibrations from
interfering with the grinding process.

Test and Assembly

Throughout the manufacturing process, gears
are inspected for various tolerances. Fhe ar teeth
usually are ins on mechanical testin
machines, computer numerically controlled (CNC
coordinate measuring machines, or other gear
metrolo%y7 machines. For aerospace, marine, and
some industrial applications, gears are also tested
for their metallurgical properties.

¢ Cubic boron nitride will maintain its hardness at
temperatures of up to 1,830°F and is chemically inert in the
sl'lm:lm7 T‘geof ferrous materials. ’

science that deals with measurement.

Gears are usually assembled into gear boxes,
which are nerally produced by gear
manufacturers. The assembly® of gear boxes may
involve the purchase of bearings, shafts, gear-box
housings, seals, lubricants, and miscellaneous
items. Most gear box manufacturers produce their
own gears and shafts, but they usually purchase the
remaining items needed to produce gear boxes.
Frequently, the housings for the gear boxes are
produced from purchased castings but subsequent
machining of mountings for shafts, bearings, and
fasteners is done by the gear box producer. Such
machining is done to precise tolerances, because
misalignment can result in premature wear or
failure. After the gears are assembled into a gear
box, the whole assembly is tested for smoothness of
operation and alignment.

Technology

Level of Technology

Many U.S. gear industry professionals believe
that the U.S. gear industry has fallen behind its
competitors in Europe and Japan. According to one
indus expert, the decline in the US.
technological base has been demonstrated by the
need for U.S. engineers to go abroad to study gear
technology.® Some industry experts believe that
foreign technology, especially that which increases
power density,° is at the forefront of technological
development. New gear research is carried out
Brimanly in West Germany, Japan, and the Soviet

nion."" A leading U.S. gear researcher believes
that the competitive advantage in gear technology
belongs to European and Japanese manufacturers,
especially with regard to materials. However, this
source reports that the U.S. gear industry leads the
world in aerospace gearing technology. The size of
the market and the strong demand for advanced
aerospace products from the U.S. Government and
U.S. aircraft producers have supported research and
development efforts.'? In the mid-1980s, U.S.
marine gear concluded that European gear
producers were ahead of their U.S. counterparts in
the production of large hardened and ground
marine reduction gears. Such a technological lead
was estimated at 4 to 10 years.’3 :

Some U.S. gear company officials believe that
much of the difference in éear technology is
perceived rather than real. One U.S. company

® Producing a gearbox may be characterized as strictly an
assembly operation in the sense that all of the components and
even the design, including research and development efforts,
may be purchased by a ilmducer.

® Remarks by Dale H. Breen of the American Society of
Mechanical Engineers, Gear Research Institute, at the Fall 1986
meeting of the American Gear Manufacturers Association.

'° The same or greater amount of torque that can be
incorPorated into a smaller gearbox.

! USITC staff telephone interview with Donald R. Houser,
Department of Mechanical Engineering, The Ohio State
Um\:gx?!i)t%, Oct. 6, 1989.

id.

'® Unpublished report of the U.S. Department of the Navy,
Mar. 3, 1986.
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official described U.S. and foreign technologies as
roughly comparable, with products being
differentiated by unique national design criteria.
For example, U.S. standards require that a cooling
device be incorporated in gear boxes above a certain
power level \:izneas West German standards do
not. As a result, a West German gear box with a
comparable power level is smaller and may be
perceived by the consumer as being technologically
superior. However, it may also be necessary to add
an auxiliary cooling device to the German gear box
to prevent overheating. 14

In the technol of gear production
machinery, the lead once held by U.S.
manufacturers is eroding. There is only one U.S.
manufacturer of state-of-the-art bevel-gear-

enerating machine tools. Although several U.S.
g.rms' produce hobbing machine tools, indus
sources indicate the U.S. hobbing machine tool
sector is declining. The dominant company in gear

inding machinery is Swiss, and West Germany
leading firms in bevel gear, hobbing, and
gear-grinding machine tools. Japan is believed to be
competitive in gear hobbers, shapers, and grinders
whereas the United States and West Germany have
the world’s leading gear metrology machine
builders (see app. E for additional information).

In the area of procéss, or manufacturing,
technology foreign have been quicker in
adopting new developments such as facto
automation and certain quality control techniques.
The U.S. industry and certain research Eroups are
taking steps to improve the U.S. technological
standing. One U.S. firm, the Falk Corp., introduced
a new employee-training l?arogram and
management Fhilosophyin 1984. Changes included
training employees in statistical process control to
boost quality and the introduction of machine
clusters or cells to cut material handling and lead
time. The firm is also utilizing robotics to load and
unioad machine tools and has installed two robotic
cells to weld housings.'s Other U.S. firms have
introduced similar techniques since 1984 (see app. H
for additional information). The %ar instrumented
factory (INFAC) program of the Defense Logistics
Agency (DLA) focuses on improving existin
manufacturing techniques. DLA stated that INFA
will be a means of finding out what the needs of
industry are, and what level of automation is best
for different-sized firms.

*¢ USITC staff telephone interview with officials of AGMA,
Mar. 3, 1990.

'8 USITC staff interview with officials of the Falk Corp.,
September 1989.

Patents and Licensing

Although several companies have patented
srcial types of fgeams derived from general gear
shapes, patents for special gears are not a major
factor in establishing a competitive advantage.'® It
is the design of the gear product and its integration
into power transmission equipment that gives some
firms a competitive advantage. Many of the leading
producers cﬁeoose to license their designs to foreign
manufacturers rather than export to or produce in
foreign countries.

Licensed gear products are manufactured by
leading companies in the United States, Europe, and
Japan. Although no exact data are available, one
official of the U.S. gear industry estimates that there
are more gears manufactured in the United States
under license from foreign gear producers than
there are made overseas under license from
U.S. firms.?7 West Germany, the United Kingdom,
France, and Japan were cited as countries whose

ear products were being produced in the United
tates under license. For example, certain U.S.
manufacturers produce specialty gear products,
such as gears used in marine or Wwer generation
ell}) lications, under license from West German and
-K. producers.

A few major US. producers have granted
licenses for the manufacture of gears abroad.
According to one U.S. company official, the reason
this practice is not more widespread is because U.S.
technology is perceived to be behind that of certain
competitors in Europe and Japan.'® According to
this US. industry source, West German gear
manufacturers grant more licenses for foreign
production, mainly to countries located in Asia,
than manufacturers from any other country.
Japanese producers do not license “out” but
manufacture in Japan under license from several
European gear manufacturers. Licensed products
are normally sold in the country in which the
license is granted, so that the same product may be
licensed in many countries to generate additional
revenue.

'8 Ibid., Oct. 5, 1989.

17 USITC staff telephone interview with Richard B.
Norment, Executive or, American Gear Manufacturers
Association, Oct. 6, 1989.

'¢ USITC staff telephone interview with officials of the
Philadelphia Gear Co., Oct. 5, 1989.



' Chapter 3
The Global Market

World Production and Consumption

Estimated world consumption' of vehicle,
industrial, aerospace, and marine gearing during
1984-88 ranged from $20 billion to $25 billion in
1984 and increased to between $40 billion and $45
billion in 1988. However, a significant portion of the
growth was attributable to the effect of exchange
rate fluctuations on data converted to U.S. dollars,
Measured in national currencies that have
appreciated against the dollar, the change in
production and consumption would be much
smaller.

The major suppliers and consumers of gearing
in the market economies of the world are the
Western European countries, the United States, and
Japan. These countries produce not only for their
own needs, butalso for export to most other markets
worldwide. The Soviet Union, Hun ary, East
Germany, and China are the major ucers and
consumers of gearing in the nonmarket economies
of the world. 1%886 countries supplement their own

roduction with imports, main?y from Western

urope. Production of gearing in South America,
Africa, and South Asia is §¢stined mostly for
internal markets and is insufficient to meet total
demand, thus making imports a necessity.

Motor vehicle gearing represents more than 60
percent of world production and consumption of
gears and gear products. The largest producers and

consumers of vehicle gearing are those countries
that have significant automotive industries—the
United States, Japan, West Germany, Italy, France,
the United Kingdom, Belgium, and Canada. Korea
is a large consumer of vehicle gearing, but it must
import a significant portion of its total needs.

The remainder of worldwide gearing
production and consumption is divided among
industrial, aerospace, and marine earing. West
Germany, the United States, and Fa are the
world’s largest sources and markets for industrial

earing, largely due to the size of the manu-
acturing, mining, and processing industries in
these countries. The Unit?d States is not only §1e
single largest producer of aerospace gearing, but
thei‘u'gest indigidual market for tEaese gears as well.
It accounts for 60 to 70 percent of global production
and 30 to 40 percent of global consumption of
aerospace gearing. Japan, West Germany, and
Korea are the principal producers of marine
gearing, as well as the largest shipbuilders. Their
main markets are the developed countries.

Estimated gear and gearing production, export,
import, and apparent consumption data for the
major producing countries for 1988 are shown in
table 3-1. The United States is the leading producer
and consumer of gearing, principally due to its lajt'ge
vehicle and aerospace industries. Japan is the
second largest rocr:cer, primarily because of the
large volume of vehicle parts Fnoduction in Japan,
much of which is destined for overseas vehicle
assembly plants. West Germany is the third largest
producer with half of its shipments com of
industrial gearing and over one-third of the total
accounted for by vehicle gearing. Canada, Italy, -

' These estimates exclude nonmarket economies and are France, and the United Kin dom also have hi h
Mthe don q&ﬂhb n,mils‘:gnt:r;ollectedfﬁ e llz t;he Cﬁpl‘!\l;i;sgon ttf‘l'our- levels of production princigaﬁy because of vehicle-
mestic gearing industry, officia ublis e : ; ;
U.S. Department of%o merce, European atl:d ]apaneseyofﬁcial gearing manufa_cturmg and assembly o Tations of
statistical sources, and interviews wi foreign industry major automotive producers locat in these
executives. countries.

Table 3-1
Gears and gearing: Profile of major market-economy producers and world! production and trade, 1988
Apparent Ratio of
consump- imports to
Major producer Production Exports Imports tion consumption
Million dollars Percent
United States ............ 14,759.1 2,424.8 2,740.7 16,075.0 18.2
Japan ..., . . . . it 8,428.2 2,478.8 89.9 6,039.2 1.5
West Germany ....... . ' 4,791.8 2,157.7 §21.7 3,155.8 16.5
Canada .............. " 1,225.0 769.1 1,802.0 2,257.9 79.8
ttaly ....... ... ... .0 2,221.1 §67.6 5§13.3 2,166.9 23.7
France .......... ... 2,121.6 1,121.1 605.4 1,605.8 37.7
United Kingdom ,....... . ' 942.1 412.6 973.4 1,503.0 64.8
Belglum ... . ..o 1,071.4 652.7 437.9 856.6 51.1
Korea ..... ., . .../ 280.0 11.5 278.9 547.4 50.9
Allother ... ... . ... """ 9,159.7 604.1 -836.8 9,392.4 8.9
Total ................. 45,000.0 11,200.0 8,800.0 42,600.0 20.7
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During 1984-88, capacity in the gear industry
in most countries. There were increases in the
number of facilities and in investment in new.
machinery, especially during 1986-88, as the world
economic situation improved. This was particularly
true in countries such as Korea and Taiwan. These
and other emerging suppliers are expected to
become a greater force in the world market over the
next 10 years.

World Trade Flows

For the market economies, 1988 exports of
gearing totaled an estimated $11.2 billion and
imports totaled $8.8 billion. The difference between
these exports and imports, $2.4 billion, went largely
to nonmarket economies. In 1988, the largest
exporter was Japan, followed by the United States,
West Germany, and France. Japan’s exports as a
share of its production were 29 nt, compared
with 45 percent for West Germany, 16 percent for
the United States, and 53 percent for France. The
major importing countries in 1988 were the United
States, Canada, and the United Kingdom. The
demand forimported gearing in these countries was
principally for vehicle gearing, in particular,
automotive. Japanese automobile transplants in the
United States and U.S. automobile producers and
their subsidiaries in Canada dominate the trade
flows within, as well as into and out of, North
America.

Exchange Rates

Table 3-2 presents the nominal and real
exchange rates (expressed in U.S. dollars per unit of
foreign currency and indexed to 1984), as well as
producer price indices, for eight producers and
consumers of gears and gearing. An increase in the
index represents an appreciation of the foreign
currency compared with the dollar and a potential
increase in the competitiveness of U.S. products.

A decrease in the value of the dollar relative to
foreign currency, all other things held constant,
raises the dollar price of imports. Therefore it can
result in a decrease in the level of imports.
Nevertheless, U.S. imports of gears and gearing
continued to increase during 1984-88. A decrease in
the value of the dollar lowers the price of U.S.
commodities in terms of foreign currency, and can
lead to increased rts. However, U.S. exports of
gearing remained relatively constant after late 1985,
when the U.S. dollar began to depreciate relative to
the currencies of major trading partners, and only in
1988 did U.S. exports begin to rise. Industry sources
contend that the continued growth in imports isdue
to a variety of nonprice factors such as quality or
customer service. addition, sources claim that
import prices have not risen in proportion to the
relative change in the exchange rates. The lack of
growth in exports is most often attributed to the
inexperience of U.S. firms in foreign markets; few

firms export their products outside of North
America.

3-2

Exchange rate fluctuations have a substantial
effect on the trends in data converted from the
original currency to U.S. dollars. For all the
currencies that have a real exchange rate index
greater than 100, the growth rate in shipments,
exports, imports, and apparent consumption
measured in U.S. dollars will be higher than that
measured in the national currency. For example,
growth in US. imports from West Germany
measured in U.S. dollars was nearly 100 percent
during 1984-88, whereas the percentage change
valued in Deutsche marks was only about 28
percent. Because producers’ costs and domestic
purchases are usually valued in national currencies,
the effect exchange rates have on industry data may
distort trends.2

Tariffs

U.S. Customs Treatment
The imported gears and gearing included in this

study are classified for tariff 'Fu:goss under the
Emvisions of the Harmonized Taritf Schedule of the

nited States (HTS)? shown in table 3-3 (see app. F
for a concordance of HTS and TSUS item numbers).
The Most Favored Nation (MFN) rates of duty
applicable Ianuary 1,1990, to U.S. imports of gearing
range from “Free” to 50 cents each plus 7.7 percent
ad valorem, which is estimated to uivalent to
7.8 percent ad valorem (table 3-3). The current
column 1 general duty rate reflects the final
concessions granted by the United States in the
Tokyo Round of the Multilateral Trade Negoti-
ations under the General Agreement on Tariffs and
Trade.

Col. 2¢ rates of duty range from “Free”, for
boxes suitable for agricultural use, to $4.50 each plus
65 percent ad valorem for nonenumerated speed
changers. Eligible imports are also dutiable under
several special preferential tariff cgrogram.s.5 For
instance, much of the motor vehicle gearing from
Canada enters the United States free of duty under
the United States-Canada Automotive Products
Trade Act (APTA). :

2 See profiles of major producing and consuming countries
in ch. 5 for a comparison of foreign industry trends measured
in both dollars and foreign currencies.

3 The Harmonized g)‘mmodi Description and Coding
System, known as the Harmonized System or HS, is intended to
serve as the :i:fle modern product nomenclature for use in
classifying products for customs tariff, statistical, and transport
g:rposes. Legislation passed in 1988 replaced the Tariff

hedules of the United States (TSUS) with an HS-based tariff
schedule known as the Harmonized Tariff Schedule of the
United States, effective Jan. 1, 1989.
4 Col. 2 rates of duty apply to products whether imported

directly or indrectly, from certain countries pursuant to sec. 401

of the Tariff Classification Act of 1962, to sec. 231 or 57;3?) of
the Trade Expansion Act of 1962, to sec. 40:?) of the Trade Act
of 1974, or to any other applicable section of law, or to action
taken by the President thereunder.

8 Rates of duty for imports from certain countries,
preferential tariff programs, tariff nomenclature, and tariff and
trade terms are explained in app. F.
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Gearing products for most applications are
classified uncEer HTS headings 8483.40 and 8483.90.
These provisions generally exclude gears and gear
boxes “which are designed for use solely or
principally with vehicles or aircraft,” by virtue of
notes 1(1) to section XVI and 2(e) to section XVII, as
explained in the nonbinding Explanatory Notes.6
However, if gears or gear boxes are internal parts of
vehicle or aircraft engines, they are classified under
HTS subheadings 8483.40 and 8483.90, as is gearing
specially designed for cs;lgfsi AC electric
gearmotors of an output exceeding 37.5 W, whether

uipped with gears or gear boxes, are included in

S heading 8501.8

Foreign Customs Treatment

Table 3-4 presents data on tariffs applied by
selected countries to imported gears and gearing
during 1988.° Tariffs are generally higher in nations
such as Brazil, India, China, and Argentina, that are
currently developing or expanding their industries.
Tariff rates on gears and gearing and on vehicle
gearing in these nations average 33 percent ad
valoremand 28 percentad valorem, respectively. In
contrast, tariff rates applied by countries with
mature, developed industries generally are about
one-fourth of those applied by other countries, with
gearing generally assessed tariffs of 3.4 to 7 percent
ad valorem and vehicle gearing tariffs of 3.1 to 7
percentad valorem. Rates of duty in Eastern Euro
and the Soviet Union generally fall between the
tariff rates of Western developed countries and
those of other countries.

Transportation Factors

In response to Commission questionnaires,
most U.S. producers and importers reported that
transportation costs are not an important factor in
selling gear products. However, a few of the
respondents, largely those that export limited
quantities of gearing, stated that transporting their
Broducts over long distances, either across the

nited States or overseas, adds a significantamount
to the price. Estimates of the cost of transportation,
asa ent of price, range from 2 to 3 percent for
freight alone to 15 to 20 percent for overseas freight
and customs costs. The size and weight of the larger
Froducts were cited by a few respondents as major
actors that made long-distance shipping costs
prohibitive.

Most US. producers do not export their
products and many of those who do concentrate on
the nearest for:égn market, Canada. Companies that
export reported that transportation costs either

s Customs Cooperation Council, Harmonized Commodity
?gggnpmn and Coding System: Explanatory Notes, First Edition,

7 Ibid.

° Ibid.

® Some countries have revised their rates since publication
of the source materials used.

add to export prices or restrict profit margins. In
export markets, U.S. producers report that if the cost
of transportation is added to the price, they lose
sales to foreign producers. If the cost of
transportation is not added to the price, U.S.
producers stated that they were not able to make
sufficient profits on the sales. Transportation costs
may make%.S. products less competitively priced in
Eastern Europe, Africa,and Asia. In many instances,
foreign producers have lower transportation costs
because they are geographically closer to
developing country markets; tor instance, Western
European producers can readily transport to the
Midtﬁz East, Africa, or East Bloc nations. Japanese
producers can readily transport to Pacific Rim
markets. In instances where transportation costs are
prohibitive, foreign markets are often penetrated by
establishing local subsidiaries that produce gearing
or by licensing agreements.

Unfair Trade Practices

The Commission is unaware of any cFetitions or
complaints filed in recent years under U.S. or
foreign antidumping, countervailing duty, or
unfair trade practice statutes regarding gears and
gearing,10

The Role of Product Standards
in Gear Trade

Gear standards function as a common language
through which gear manufacturers and users can
evaluate various gear products. They provide users
with reference points as to the reliability and
performance of a product based either on design or
application experience. The standards process also
provides a forum for scientific discussion of product
design, materials, and application, which often
leads to better products. In addition, standards are
also used as a marketing tool by manufacturers,
either in penetrating new markets or protecting
estal‘:lishc-‘:ge markets.

Standards Systems

Outside of proprietary designs, gears and
gearing in international trade are manufactured to
the national standards developed by the West
German Standards Institute (DIN),'! the American
Gear Manufacturers Association (AGMA),and toa
lesser extent by the Japanese Industrial Standards
(JIS). A limited number of gear standards have also
been developed by the International Standards
Organization (ISO). Although not as widely used,
gear standards have been established by the
national standards bodies in many countries.

For special applications, such as aerospace
gearing, individual producers may have their own
standards, such as the PW standard for Pratt &
Whitney products. National defense organizations

1% U.S. Department of State Telegrams, 1989.
"' Deutsches Institut fur Normung.
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will also have specific standards, which vary from
commercial standards, depending on the
application. For instance, the U.S. military uses a
standard called “Mil-spec.”

The AGMA rating standards first appeared in
1919, followed by AGMA gear quality standards in
the late 1930s. AGMA standards are used primarily
in the United States, Canada, Australia, and to a
lesser extent in Japan and Taiwan. The first West
German gear qualiz standard was issued in 1951.12
The DII\? standards are widely used in Europe,
including the Soviet Union, even though there are
national standards systems in most of these
countries. Recently, DIN standards have been
promoted in China. The JIS standards are widely
used in Japan, and are complemented by gear
standards developed by ‘the Japan Gear
Manufacturers Association (JGMA). JIS gear
standards are also widely used in Taiwan and
Korea, where the industries have been significantly
influenced by trade with Japan.

2 Donald R. McVittie, “Analyzing Gear Standards,” Power
Transmission Design, August 1987, pp. 27-31.

Figure 3-1

The ISO and the European Committee for
Standardization (CEN) are working on
international standard systems. CEN is planning to
develop a single set of standards for the European
Community (EC) and the European Free Trade
Association (IgFTA) by the end of 1992, but has not
yet put together a Kod%' of standards. Industry
sources assume that CEN will adopt the most

revalent standard in the EC, which at this time is

IN, as the unified standard. The set of gear
standards issued by the ISO, an organization to
which most of the major Lﬁear producers belong, is
notas fully developed as those of AGMA or DIN. To
date, this organization has no gerformance rating
standards in force. The 16 ISO standards cover
nomenclature, toolin% and geometry.'?® Although
most ISO drafts of gear standards use Dﬁ\l
standards, the AGMA, acting through the American
National Standards Institute (ANSI), has become
more active in the ISO during the last few years and
has had some success in influencing ISO standard
drafting. The relationship between national
standard settinF organizations, including CEN and
ANSI, and the ISO is illustrated in figure 3-1.

'3 Ibid.

Framework for the development of international gear standards

American National
Standards Institute
(ANSI )

American Gear
Manufacturers
Assoclation (AGMA

Technical
Advisory Group
(TAG)

European Committee for
Standardization (CEN)

International Standards
Organization (ISO)

Technical committees

European National
Standards Bodies
Deutsches Institute fur Normung
(West Germany)
® AFNOR Assoclation Francaise de Normal-
ization (France)

e DIN

e BSI British Standards Institute
(United Kingdom)
o UNI Ente Nationale Itallano Di Unlficazione

(ltaly)
e Others....

Japanese Industrial Standards
(JIS)

Other national standards

1,___

Technical
Committee 60

Working groups

[wa ] [wa ] [we] [wa][#a]

bodies

F

Source: American National Standards Institute and the American Gear Manufacturers Association.
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A Comparison of Standards Systems

The principal difference between AGMA and
DIN standards is that the former rely heavily on
actual experience, whereas DIN standards are based
largely on theoretical and laboratory research data.
Western European gear producers have indicated
that DIN standards are more comprehensive than
AGMA’s. DIN standards include bearings, steel
profiles, and lubrication, whereas AGMA standards
relate to gears only and favor “through-hardened”
over “case-hardened” gears.'* Other differences
between AGMA and DIN standards relate to
material appraisal, quality determination, service
factors, gear box components, and thermal capacity.

AGMA standards are conservative in order to
decrease the chances that the gears will fail, leading
to downtime and/or personal injury. Since product
liability is more of an issue and expense in the U.S.
market than in any other country, the need for
conservative standards is more relevant to the U.S.
industry. According to U.S. industry sources, for a
number of applications in the United States,
purchasers need gears and gear products with more
durability and are thus better served by a more
conservative standard such :s AGMA.'5

AGMA believes that its approach to developing
standards is receiving wider acceptance in Europe,
in part because of its emphasis on “serviceability”
compared with the more “academic” approach
frequently utilized to draft European standards.'6 A
similar view was expressed by a major Japanese gear
manufacturer, who believes AGI\'{A standards are
becoming stronger than DIN standards
internationally and will continue to do so in the
future because AGMA’s are more flexible in
matlclt‘i;lg the customer’s needs with the product life
cycle.

Manufacturers can, and do, produce gears to
any standard, including hybrids of national
standards plus their own manufacturing and
applications experience. It is important for
consumers to understand the various gear
standards so that they can benefit from the
strengths of a particular system.'® Each user needs
to take into account his special application and
equate his requirements with the cost of the various
products on the market.

Despite the fact that standards are voluntary,
they are often used by private and public
procurement officials in tender documents and may
attain the status of a de facto requirement in
particular countries.’® All countries with their own

'4 USITC staff interviews with gear industry officials,
Western Europe, November-December 1989.

'® USITC staff telephone interview with officials of the
Philadelphia Gear Company, Oct. 5, 1989.

!¢ AGMA, European Economic Report, 1989 edition.

'7 USITC staff interviews with gear industry officials,
Japan, December 1989.

' McVittie, “Analyzing Gear Standards,” p. 27-31.

'° U.S. International Trade Commission, 'Ige Effects of
Greater Economic Integration Within the Eurgpean Community on
the United States, USITC Publication 2204, July 1989, p. 6-9.

national standards view them as a marketing tool
and, furthermore, wish that they be replicated in
international standards.

The most prevalent standard covering gearsand
gearing has been the DIN standard which covers a
wide range of products, including gears, and is
aggressively promoted by West Germany. DIN has
assisted standards development agencies, in
general, i<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>