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n March 1989, the U.S. Trade
~epresentative requested the
U.S. International Trade

Commission to conduct an investlga-
tionand prepare a report on the com-
petitive position of the U.S. gear in-
dustry in U.S ..and global markets. The
USTR request makes the fonowing
observation regarding the U.S. gear
industry:

'The U.S. gear manufacturing in-
dustry produces components that. are ,
essential to most industrial. and trans- :
portation equipment. The industry.
which hasexpe:rienced a dramatic in-
crease in imports since 1983, is unable
to assess properly 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 Man-
ufacturers Association has fonnally re-
quested assistance providing the in-
dustry with a comprehensive set of ob-
jective data."

The diversity of the group of com-
panies that comprises the U.S ..gear in-
dustry complicates. the collection and
compilation of data on the gear jn-
dustry. However. through a question-
naire survey of U.S. gear producers.
importers, and distributors, as well as
domestic and international interviews
with industry experts, the Commission
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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 Com-
mission's assessment of the U.S. gear
industry are as follows:

In May of I.his year the U.S. In-
ternational Trade 'Commission made
public its Rceport to Ithe President on
'the condition of the U.S. gear in-
dustry. This, 200 + -page document is
the result of a two-year study by the
commission, with the help of the
A:GMA staff and members. It is the
01051 comprehens.ive and current
analytica.1 coverage of industry COil-
dirtons and rrends presently
available, Because of the importance
of this report to 'Ihe industry, GEAR
TECHNOLOGY isdevoting a good
portion of this issue to reprinting the
Executive Summary for our readers.

I strongly encourage you to study
this 5ummaJ}' carefully. It contains
both good .news and bad news for our
industry and a great deal of £·000for
thought. Now the [MrS, where the
larger global machine tool market
gathers :In Chicago to display the
newest machinery .available. is nearly
upon us, pr,ovidlng even more ideas
and food for thought. There is no
better time to consider the state of
our lndustry and what our strategies
Ior growth. development. research,
and investmeftt should be. The Trade
Commission. has supplied us with the
facts we need to plan for the future;
it is up to us to u-se this information
to our adv~ntag:e.

For complete copies of the USITC
report, write to Kenneth R..Mason,
Seceetary 10 the Commission, U.S.
International Trade Commission,
Washinglon., D.C. .204.36.

I.. Profile 'of 'the U.S. gear industry
'. In 1988, the U.S. geAr industry con-

sisted of more thAn 30'0' firms ha.v-
ing shipments of $14.8 billion and
production worker ,employment
totaling 84.600 persons.

II ears and gearing are in-
termediate products which
are essential to a wide range

o.f U.S .. finished product industries.
The four principal markets for gears
and gearing are the motor vehicle, in.~
dustrial products. aerospace, and
marine in-dustries. Approximately 80
percent of gear industry shipments.
$11.9 billion, were motor vehicle gear-
ing in 1988. Shipm.ents of industrial
gearing totaled $1. 7 billion: aerospace
gearing shipments totaled $928.7
million; and marine gearing shipments
totaled just $275 ..6 million. T.he U.S.
gear industry exported a total of $2.4
billion in 1988, or 16% of total
shipments. U.S. gear consumers im-
ported $2.7 billion in 1988, resulting in
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Now Gears Can Be Rough &
Finish Ground In One Step

CBN Gear Grinding
in Seconds
• I£S 152 Generation Gear-grinding

machines: unique, yet field proven .
• ' Unique twin-worm assembly permits rough andfini h generation

grinding in one clamping to make your gear production faster.
'. Combining processes gives you ehe hlghestgeometrical and

surface-finish qualjty,
.' ~ff:rs you CON gri:l1fIingin a range of sizes from W' to 12"

indiameter,

Liebherr CNC Control
• Exclusive CNC system permits precise

synchronization of speeds up to ~O.OOO
RPM for the spindle aad 600 RPM for
the table .

• ' Integrsted machine automation for fast,
flexible workpiece loading and unload-
ing gives you improved productivity.

One Source
Now you can trust a single source for

all your gear production needs, Every-
thing from CNC-contmlled hobbing,
shaping and grinding machines, to
CNC-controlled linear and area gantry
systems. From. Scara robots to palletiz-
log and conveying systems. And
from flexible manufacturing cells,
lines and systems to complete indus-
trial.facilities.

Discover how efficient your gear production process can
become. Contact Liebherr Machine Tool at 1465 Wood.land Drive,
Saline, MI48176. Or call us at 313/429-7225.
See us .at.IMTS '90 ... Booth 5165

GEARED FOIR INNOVATIVE iPRODUCTII'ON SOLUTIO'NS



a. gear trade defidtof $316 million in
1988.. as import penetration rose to
'over 18% of total gear consumption ..
• During 1984~8. Canadtl, MexiCo.

the United K.ingdom. Japan, Aus-
tralia', and West Germany were the
chief foreign markets for u.s. ex-
ports of gears and gearing products.
These markets accounted for 67%

of total U.S ..exports in 1988 ..Canada
bas 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 Itotal, exports
of motor vehicle gears and gearing ac-
counted for 90% of U.s. 'exports to 'the
6 leading foreign markets. and most
exports were sent to foreign sub-
sidiaries or partners of Ll.S, firms ..
• Major structural changes took place

in th2 U.S. industry dun'ng 1984-88.

1'1he d'omest:ic gear industry has
experienced a number of I manufacturers in the United States. In I

m.ergers, acquisitions, lever- the early 1980s. Ragging demand In
aged buy outs, and joint ventures in home markets and the sl:r~ng, dollar
reoent years. following a period of made the U.S. gear market aUractive
divestitures prior to 1984. Some U.S. to foreign pl'Oduc,ers. Many U.S. gear
firms have acquired interests overseas teonsumers were facing difficult market
to expand their markets, although conditions and turned to imported
much of the activity in international gearing which, larzely due to the ex-
acquisitions has been foreign firms in- change rate, was often less expensive
vesting in new U.S. facilities. , than the comparable U.S. product. A
'. The U.S ..market for gears and gear· more recent trend is an increase in im-

products grew by nearly 25% dur- ports of gearing by foreign-owned Ll.S,
ing 191*88. and Qa:ountea for more assembly plants,especiaUy
than one-third of global consurnp- automotive, from their parent com- I

tion. panies.
The U.S. market for gears and gear • In the U.S. market, the largest com-

products is the largest in the worldand ponent of consumption is motor .
during 1984-88 rose 25%, fJ10m$12.0 vehicfegearing, a market that is
billion to $15.1 billion. U.S. imports strongly influenced by quality
grew from $1.7 billion. to. $2.7 billion, considerations. I
or by 57%, during 1984-88. Import m- I I'll 1988, apparent U.S. con- I

penetration rose from 15 % in 1984 to sumption of motor vehicle i

18% in 1988. In1988, the U.S. market __ gears and gearing accounted I

aeccunted for 3S% of global consump- for nearly 80 % of total consumption
tion, whkh is estimated at $42.60£ gears and gearing; consumption of
billion. motor vehicle gearing increased from
'. Increased U.S. gear and gearing im- $9.3 billion in :1.984to $11.9 billion in

ports during 1984-.88. principally 1988. Imports accounted ~or 16% of
supplied by Caru:u:la.lapan. France. U.S. apparent consumption of motor
,and West Germany, were at- vehicle gearing in 1984~nd 18% in
trib:utable to three factors. 1988. A large percentage of these im-
U.S.. i.mpOI1S Increased during ports are from U.S. subsidiaries

1984-88 prindpally because of (1) U.S. located in Canada. Imports from Japan
original equipment manufacturers, as are primarily used in Japanese
a cost-lowering measure, bought less I automotive transplant assembly opera-
expensive gearing from foreign tions in the Unued States. The motor
sources; (2) major Western European vehicle industry is characterized by
and Japanese p.roducers were suocessful rapid technological change in virtually
in their coacerted efforts to' penetrate all major vehicle systems and pro-
ItheU.S ..market; and (3) Japanese parts ducers must be somewhat innovative
producers supplied the growing to remain competitive, Product qual-
number of Japanese-owned auto ity is an especially important cOl'lsid-

U.S. demand for
aerospace gears

grew significantly
during 11984-88,

with imports
nearly doubling

during this period.

.. f . . 1..·1 .. . - od THEd~EPORTer.aho.n ..or v.emoe gear pr ureers an -
the use of cubic boron nitride grinding
~ech!10Io.gyis becoming a critical de-
ment in remaining competitive.
• In the U.S. market. industrial gears

and gear products, the second most
imporlant market sector, .grew ir-
regularly duritlg 1984~, but im-
paris' share of the market more than.
doubled.

n 1988, apparent U.S .. con-
sumption o-f industrial gears
and gear products accounted

for 14% of totalconsumption of gears
and gearing; consumption of industrial
gears rose from $1.8 billion .In. 1984 to
$2.1 billion in 1988. Imports accounted
for 15% of U.S. apparent consumption
in 1984, but rose to 27% in 1988. The
increase in imports resulted from in-
creasing consumer demand for quality
products competitively priced, espe-
dally by foreign-owned gear assembly
operations. The U.S. market for in~
dustrial gearing is directly related to
the overall investment in new pLant
and equipment in the manufacl:Uring
sector and to expenditures on public
works.
• U.S. demand for aerospace geQrs

RJlI?W significantly during 19~88,
with imports nearly doubling dur-
ing this period.

I

_ n 1988, apparent U.5.. con-
. •.•.·~umption of aerospacegear-

___ mg aCC;QW1.ted for 6% of ~otaJ
consumption of gears and gearing;
consumption of aerospace gears in-
creased from $738.0 million in 1984 to.
$834 ..0 million in 1988, or by 13%.
Aerospace gear imports nearly
doubled from $25.0 million in 1984 to
almost $5.0 •.0 million i.n 1988 and the
ratio of imports to consumption rose
from 3 to 6% during this period. The
demand for aerospace gears is heavily
influenced by the demand for helicop-.
ters, Despite a downturn in demand
for helicopters, however, overall de-
mand for aerospace gears increased
during 1984.88 because of the unprec-
edented increase in sales of large civil
tran port vehicles.
• U.S. demand for marine gearing re-

mained level during 1984-88, btlt
softened toward the end of this
period for small marine gearing. as
imports obtained a larger sha,.,e of
the market.
In 1988" apparent U.S. consumption

of marine gears accounted for 2 % of
total apparent U.S. consumption of
gears and gearing. During 1984-88.
U.S. apparent consumption of these
gears rose irregularly, ranging .trom a.
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[ow of $249 mi1lion in 1985-86 to a
higb' of $275 million in 1988, whereas
the import-to-consumption ratio rose
from 2% in 1984 to 4% in 1988. In-
creased imports of large marine gear-
ing occurred in both the government
and 'commercial markets, due, in part,
to lower prices ..In late 1988, consump-
tion of small marine gears began to, fall
as sales of pleasure craft softened due
to saturation of the market.
• The overall number of production

workers in the U.S. gear industry
declined 3.6% during 1984-88.
There were an. estimated 84,600 pro-

duction workers in the U.S. gear in-
dustry in 1988, down from 87,800 in
1984. Employment declined by 6.4%
between 1984 and 1987 and then in-
creased by 2,9% between 1987 and
1988. The overall decrease in employ-
ment in the U.S. gear industry reflects port high retention rates among
increased automation and flait ship- workers recruited from ,these school's.
menttrends of the industrial and ., During 1984-88, U.S. gear manu-
marine gear sectors. However, [aduring capacity declined an
employment showed a slight increase estimated 9%.
during the last year of the period; this The decline in capacity is based
increase can be attributed to an upturn 'I upon a number of different indicators
in the m~ket in ~987 which neeessi- . such as plant closings and declines in
tated an. increase m employment. ,II employment; however, partially offset-
• Nomina! wages for all U.S '. g~a.r! ting such Changes were increases in

production workers rose slgnlfi- . productivity, as well as the rationaliza-
cant1y; however, wages in real terms tion ofinefficie:nt operations. For ex-
reflected an increase of only 3%. ample, 3. decline of 15% for machinery
Total compensation, including fringe in place was offset by the introduction

benefits, bonuses, and payments in. of newer, more efficient gear-cutting
kind, remained relatively stable for the and finishing machine tools which re-
period, declining: by 2% in real terms, sulted in improved productivity.
although in nominal terms, total com- Decreases in capacity of some £inns
pensation costs increased by 11 %.. owned by If.S, producers have partial-
Wages also declined in real terms, by ly been offset by new capacity added
4 %, while increasing 8 % in nominal by foreign-owned gear producers as
terms. Annual productivity per worker well as by other U.S. films ..
rose by 17% in real terms, I- The level of capacity utilizQtl'on by
-Skilled personnel necessary for u.s. U.S. producers varied substantially
gear ma"u.facturing operations are in among firms producing for .different
short supply.. markets.

-- - acltinists and trainees with the ' For the U.S. gear industry as a
necessary mathema.ti:a.Il skills I whole, capacity utilization was 71 % in
to. become machinists are 1986, as measured in actual machine

most in demand, Firms attribute the hours spent producing gears compared
scarcity of workers to generally low with available machine hours. Many
mtemployment, insufficient numbers captive producers manufacturing gears
of high school graduates with adequate I and gearing for Ithe automotive-and
mathematical and verbal skills, and the construction equipment industries have
low status of blue-cellar jobs. On-the- been operatingathigher levels of capa-
job training has a. significant cost, as city utilization, in some instances close
it requires taki'lg otherwise productive to 100%, Most producers of gearsand
skilled workers away from their tasks . gearing Eorthe aerospace and specific
in. order to train new workers. Subse- industrial and marine products mar-
quently, some films have worked with kets have been operating at lower rates
vocational schools to develop pro- of capacity utilization.
g.rarns covering rudimentary skills, • The level of profits generated by
such as blueprint reading and basic most U. S. gear producers trended
machine opeJ'ations. Many firms re- upward.
10' Gear Jec:nnoloov

R& D expen-
ditures by U.S.
gear producers
increased dur-
ling 1984-88.

1_ he increase in operating

III'::=at~~~J:;:: ;~~
era} improvement in the ec('nomy~
especially in the automotive and rna-
chinerysectors. 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% during 1986-88 as a result
of a more than doubling ·of non-pro-
duction-related expenses, such as in-
terest 'expense, plant dosing losses, and
write-offs of assets.
•. Companies that can convince

lenders that they will continue to
generate revenues and that they
have valuable assets are likely to
have ,an advant~ge in the capital
markets over .small job shop
operations.

(1-I he abilil:y of gear producing
firms to obtain finarlcing and
the rates at which ,they bor-

row money are determined largely by
the financial strength of the individual
company. The large proportion of
companies in this industry Ithat are
small do not have a high net asset

. value or an. expected stream of future
revenues &om long term contracts.
They often find most conventional
means of financing unavailable or un-
affordable. Gear-producing subsid-
iaries of large companies, such as cap-
tive producers in i:heautomotive
mark,et,. generally meet eheir capital
needs through their corporate financial.
centers and thus may obtain capital at

. lower rates or in different ways than
i 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 % in 1984 Ito approximately
9'% in 1988.

I- During .1984-88, the trend in cap"~tal
expenditures forgear-producmg
machine tools in the United States
increased, but continued to lag
behind the expenditure leve.ls of

_ foreign producers.

tloral .. cnditur - . -
I pr~du;: :n~~~e ~~ofe~;

U.S. firms rose 48 % between
1984 and 1988, although such expen-
ditures feU 11 % between 1987 -and

119~ to an.~timated ~ millio.n. In
I spite of. the mcre.~se during 19~88,
I 1988 U.S. expenditures were substan-

tially below the 1980 Ievel, Expen-
ditures for ehis type of mad-tinery by
West G nnan and J od·· -I . -- _e .~-- an apanese pr ucers
were significantly higher than for U.S.



firms during 1984-88 and totaled over
$130 million in 1988 in 'each 'Of these
two countries.
• R&D e:xpenditur:esby U.s. gear pro-

ducersincreased 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% gain,
but did not keep pace with such expen-
ditures by broader industry groups.
Gear industry R&D expenditures rep-
resented less than 1 % of srupments
during 1984-88, whereas the level of
R&D for nonelectrical machinery in-
dustries, a si.mil31'but broader gJlOUP,
totaled 3.5% of sales in 1987. Univer-
sity gear research in the United States
has lagged behind that performed in
West Germany and Japan. Tradition-
ally, 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 ASME
Gear Research Institute and the
Defense Logistics Agency's newly ,~
tablished Instrumental Factory for
Gears (lNFAC), are designed to im-
prove the ,competitive position of the
U.S. gear industry.

II. Profile o.fmaior foreign gear
industries.

• The Ja.panese gear industry had
shipments of $8.4 billion in 1988
and emp.I'oyed a.n estimated 39,000

_persons.I.apart's gear industry ship-
... ments 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

I aerospace producers. In 1988,the
Japanese gear industry served a
domestic market estimated at $6.0
billion, and its exports totaled an .
estimated $2.5 billion. Approxi-
mately 83 % of exports were of vehi-
cle gearing. Imports of gearing pro-
ducts totaled just $90 million and
consisted mainly of industrial and.
vehicle gearing. Major foreign sup-
pliers were the United States, France,
and West Germany.
• The West German gear industry

had shipments of $4.8 billion in
1988 and employed an estimated

I

23,000 persons.

IIIest Germany is a technolog-
:. ~ . ~call~ader ill indust~ial gear-

I mg: m contrast With other
, major producers, shipments of in-

dustrial gearing accounted for ap-
proximately half of production. West
Germany is also a leader in marine
gearing, especially for diesel. engines,
and a signficant number of firms pro-
duce for this market, The West Ger-
man 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% of domestic consumption, about
the same percent as in the United

I States, and were primarily from
France, Italy, anclother EC countries.

Standard Involute
S,peciall Forms

Sp'line & Serration
Multip'le Thread

Shank. Type

- Other i EC~' ThHE~~_•• REPORT
• r . fler Important· supp'uers ·au .

aggr~gate shipments of $6.4 billion '-
Rnd employed an estimated 32, 500 __
persons ..
Italy, France, Belgium, and the

United Kingdom are aU highly indus-
trial ized , technologicallyadvanced
countries with significant gear pro-
ducing industries, All four countries
are involved in the vehicle and in-
dustrial gearing sectors. France, the
United Kingdom, and Belgium also
produce aerospace and marine gear-
ing. The majority of firms in each
country are described as small- to
medium-sized firms, operating as
subsidiaries of multinatienal pro-
ducers, as captive suppliers to theI.

1.1
1.1

During 1984-
B8, U'..S. gear
manufactur-
ing capacity
declined an

estimated 9°10.

A Comp.lete Line ,of

TRU~VOLUTE P'VD 'G,OLD'
Titanium-Nitride Coated Hobs & Cutters

~~ ~, T r f ,,/" J~ l~dl it"f~ t',!I' ,-:-rL /0,

2 NORTH STREET. WALDWICK. 'NEW JERSEY 07463
FINE MACHINE TOOLS SINCE 1915

GEAR GIENIIEIRATIING T:OOL·S
flI Pltr:h "FLII r HOBS A~" SORE Size

Shape.r Cutters
Disc Type· Shank TyPe
Rack Millingi 'Cutters

Thread
Milling 'Cutters,

Caralog avaLlable upon requesr

WUSSElL, VE-r011.1001 & WENDEISO:nl IIN'C.
1EL: (2.011)67.0-422.0 FAX.: (201) 67.0·4266
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-ve-hide orr aerospac.e .s~ctors.,or a~ in-
dependents operating In niche

- markets.
.' Other suppliers include Canada,

Korea, Taiwan, Mexico, and some
of the newly industrialized
countries,ra he gear and gear products in-

dustry 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 Japa-
nese, Taiwan has designated its gear
industry as a "strategic industry," per-
mitting it to have preferential treat-
ment. Major gear producers in Mex-
ico 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.

m. Assessment of the global market
for gears.

• Estimated world consumption of
vehicle, industrial. aerospace, and
marine gearing. measured in terms
of U. S, dollars, rose sharply dur-

ing 1984-88. but experienced only , from $20 billion to $25 billion in 1984
moderate growth when measured to $40 billion to $45 billion in 1988.
in national currencies. However, if these measurements

Im. IIl!.rin~19~4-88, the Commis- I utilize~ nat.~on.al~u1rencies that have
I sion s estimate of world con- appreciated against the dollar, the
sumption of vehicle, indus- change in production and consurnp-

trial, aerospace, and marine gearing, tion would be considerably smaller,
in terms of U.S. dollars, increased For example, during 1984~88, produc-

tion of gearing in West Germa_ny in-
creased by 107% as measured in U.S,
donal'S, but production as measured
in Deutsche marks rose by 28%.
• Motor vehicle gearing represents

more than 60% of world produc-
tion and consumption of gears and
gear products; the remainder is ac-
counted for by industn'al, aero-
space. and marine gearing. The
United States was a principal sup-
plier to all markets. except marine
gearmg.
The largest producers and con-

sumers of vehicle gearingare those
countries that have the most signifi-
cant automotive industries, namely
the EC countries, the United States,
Japan, and Canada. Korea was a
significant producer and consumer,
although imports account for an im-
portant, but decreasing, part of its
total needs. West Germany, the
United States, and Japan are the
world's largest sources and markets
tor industria] gearing. The United
States is not only the single largest
producer of aerospace gearing, but
the largest individual market as well.
• During 1984-88, wor.ld cap.acity in

the gear industry g:r:ew in most
countries.
The number of facilities and invest-

ment in new machinery increased, es-
pecially 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, in-
creased nearly 94 % to $280mUlion
and 153% to $U4 million, respec-
tively. These and other emerging sup-
pliers are expected to become a
greater force in the world market
over the next 10 years.
• During 1984-88, the value of the

U. S. dollar chan.ged significantly
compared with the currencies of
many countries exporting ,gearing
to the United States.

fIJ e...stern Eur.opean currencies
and the Japanese yen appre-
ciated sharply against the

dollar in 1986 and subsequent years.
Against these currencies, the real ex-
change rate index increased by 30 to

•••
DUrling 1984-88 the

value of the u.s.
dollar changed sig-
nificantly compared
with the currencies
of countries import-

ing to the u.s.

Composite Gear 'Tester
wU,h digital evaluation and stat,istics

The HOMMEL 8305 ~ear tester and Z-2000
com~er-based amplifier/printer-recorder
prov.lde:
... accurate nonsubjective measurement of

total composite variiation, tooth-to--tooth
variation, nmout, number of teeth out of
tolerance, maximum, minimum and average
center dist.ance.

... statistlical evaluation plus graphic recording,

... fast, easy-to--use production measurement
of aliigear types.

The Z-2000 COmpoie!' can be
retrofit 10 most composite gear
teste!'s including tile IW FelloWs
REDLINER Call1ot' detalls.

100 Production Court
New Br~ain, GT 06051
(203) .223-6784
FAX: . 223-2979
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50 % or more during 1984-88. The
relative decline of the dollar, all other
things being equal, should make U.S.
products more price competitive and
U.S. ~mports more expensive,
• Ecduding the non-market econ- IV. Comparison of u.s. and. fo,reiign Ir-------- ....

omies, 1988 worl'd exports of gear- prodaeers' strengths and weak-
ing totaled an estimated $11.2 nesses,
billionQnd world imports totaled • Raw material costs are compar"ble
$8.8 ,fJillion. for gear manufiacturers worldwide.
In 1988, the largestexporters we.l\e However, the cost of bearings used

Iapanand the United States (22% in gear products has increased for
each], West Germany (19%), and U.S. producers.
France (10%). The major importing : B. fj. I ~cord.ing..tou.s. and ..fore..ign
countries in 1988 were the ·United ' .• 1 ' industry sources, Japanese,
States (31 %), Canada (20%), and the - _. European, and U.S. gear
United Kingdom (11 %). The demand producers face fairly comparable
fo·rgearing ~ these countries was material. costs. Since mid-19.89,
principaUy for automotive gearing, however, U,S. manufacturers have
Japanese automobile transplants in paid at higher price for bearings due
the United States and U.S. ,to a decline in U.S. production and
automobile producers' subsidiaries in antidumping tariHs on bearings im- '- --tI

Canada dominated the trade flows ported from key foreign suppliers.
wUh.in, as weI] as into. and out of, The costs of the resulting shortages
North America. }apan's exports asa I and double-digit bearing price in-
share of production were 29%, com- creases have been passed on Ito
pared with almost 45% fOr West Ger- customers, reducing U.S. producers'
man}" 16% Ior the United States, I price competitiveness.
and 53% lor France. I. The United States experienced less
• The maior suppliers and COI'I- growth in real hourly compensa-

sumers of gearing in the non- tion costs for production workers
market eeonomies of the world are
the Soui:et Union,. Hungary, East
Germany, and China ..
Nonmarket economies supplement

their own production with some im-
ports, ma:in~y 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.
'. Product stgnda~ds fngegr trade are

'11'1' important marketing tool and
the ability to manufacture to a
v.ariety of standards is an impor-
tend asset for g,ear producers.

IIIespitethe 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 par-
ticular countries, One of the most
widely used standards is 'the>1I)IN of
West Germany. The American Gear
Manufacturers Association (AGMA)
has become mere active in the Inter-
natiDnali Standards Organiz.ation
(ISO) during the last few years and
has had some success in influencing
mso standards drafting. AGMA stan-
dards are rec~i.vilngwider acceptance
because of an emphasis 'on "serv-

iceability" compared with the more
"academic"approach used for
developing other countries'
standards.

In 1988, world
gearing exports

were an esti-
mated $11 .2 bil-
Iion and imports

were $8.8 billion.

in J984-88 than did most of j,ts
Western European competitors.
When adjusted for lnflatton,

hourly compensation costs for U.S.
production workers were unchanged
from 1984 to 1988; in West Germany,
they Lncreased in real terms by 3.5 %
over the period. [.0 Japan and
Canada, however, they fell by 3.1 %
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and 0.7%, respectively.
• The .supply of skilled labor

worldwide has ,tl~ghtened in recent
years, and employers ar;epursuing
a vari'ety of training programs to
ease the shortage. .'rm-Z S ,th.ecurrent workforce ages,

I

-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 manufactur-
ing trades, Employers are assuming
a major role in training new hires in
a wide range of skills.
'. During 1984-88, U.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,. bank lending rates averaged

9.6% during 1984-88, compared with
9% for West Germany and 5.8% for
Japan. In other European countries,
the rates ranged, on average, from
10.5% in the United Kingdom to
16.9% in france.
• U.S ..gear producers are disadvan-

taged relative to European and
Japanese ma'nufacturers in gaining
access to cap.itai.

1]'omestic producers believe
that competing successfully

I in the future requires current
capital expenditures to upgrade equip-
ment. U..5.. and foreign industry of-
ficials feel that in the United States,
investors typically focus on short-tenn
profitability, unlike foreign investors
who generally consider return on in-
vestment over the long term, One of
the results of 'this is that lending rates
for research projects w:ith long lead-
times <werwo to' three times higher .in
the United States than in many other
countries. Operating with lower pro-
Ht margins than their foreign com-
petitors, U.S. firms lack retained earn-
ings,and the majority are not large
enough to have easy access to capital
markets. In contrast.xertafn of their
foreign competitors have relationships
with larger fiirms and banks which
assure more ready .availability of cap-
ital. In the United States, the integra-
tionof financial institutions and in-
dustry that is prev.a1ent in countries
such as West Germany and Japan, is
prohibited.
.' Univers.ity research and develop-

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

14 Gear Technology

The United States spent less than
$1.0 million in university gear
research in 1985, ascompared with an
estimated $3 ..8 million in West Ger-
many 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 agen-

I

deS,!n. ,th.e United St~tes o.nlya -few
of these centers exist: almost all
research is done at the company level
and remains proprietary. While the
U .S. is believ-ed to be the leader in•••

aerospace gear technology, ;it lags
behind its competitors in technology
for automotive and marine applica-
tions, for which West German fLrms
are believed to have an advantage. No
dear leader in industrial gearing
technology has emerged,
• Most U.s. gear manufacturers la8

behind their Japanese and Western
European counterparts in adopting
new machine-tool technology.

ril uring 1984~88, u.s, expen-
ditures for gear-making -ma-
chine tools were :$264.0 mil-

lion, compared with$S42.8 million
for West Germany and $428.4 million
for Japan. The world's leading rna-
chine tool manufacturers are located
in. Japan and Western Europe, partie-
ularly in West Germany. Asa result,
gear producers located in or near
those ~countries can. experiment with
and integrate the latest in machine-
tooltechnology in their families before
it arrives in the United States.
• The U.S. machine tool industry

ranks behind Western European
and Japanese machine tool build-
ers for some critical types ,of
machinery.
Industry sources indicate that the

teehnology and quality of West
German, Swiss, and Japanese gear'-
making machine tools equal or sur-
pass that of U.S. producers. for in-
stance, West German and Swiss
machine tool builders excel in bevel
gear grin&ing machine tools. and
Japanese manufacturers produce ex-
cellent hobbing and grinding
machines. Foreign machine tool firms
are characterized as large,tech-
nologically advanced, multi-product
firms known for high quality,
moderately priced products; some are
subsidiaries of mum farger finns. US.
machine tool firms, while 'tech-
nologically advanced, are smaller and
more specialized .
• On average, the equipment cur-

rently in use by U. S. manufacturers
is older than that of West German
and Japanese producers.

1m ccording to trade surveys,
88% of the gear-cutting and

_ finishing machine tools in
use in the United States in 1989' were
more than 10 years old; in Japan, on-
ly 63% were of that age. West 'Ger-
man sources estimate that the average
age of critical manufacturing
machines is less than 10 years, Older
machinery tends to require mora il'e-
quent maintenance and repair; which
reduces its productive Itime. Also,
technology embodied in new

Un iversity
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lin Japan and
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technology
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by market
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machinery enables manufacturers to
maximize their productivity.

V. U.S. and foreign indus'lry and U.S.
consuming industry views.

• U.-.S.. :m._~:mufacturers.da.l.:m tha..t so.m. e I

government actions have harmed
the competitiveness of the u.s. gear
indus.try in global markets.
U.S. manufacrurers claimthatantt-

trus,t and product Uabil:ity laws, tax
policy, OSHA and EPA regulations, ,
and other government policies harm
their competitiveness; moreover, ac-
cording to U.S. producers, incentives I

to export are pr.adically nonexistent.
In contrast.a number of foreign pro-
ducers receive support from their
governments, which aflows them to
be more competitive. This support In-
dudes accelerated depreciation for
new machinery, encouragement for
mergers, and acquisitions, and, in most
Europeancountries, government re-
b.ating of VATs. The following 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 Invest-
ment 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 pre-
sent tax code concerning foreign tax
credits,
• U.s:. gear producers claim U.S.

product liability laws inhibit
r:esearch and development efforts.
U.S. producers' insurance costs

have risen dramatically in recent years
in the lace of peoduet-liability law-
suits. As a result,. according to' in-
dustry sources, some Finns cannot af~
ford the high insurance premiums and
have been forced to curtail or elimi-
nate research and. new-product-devel-
opment ,efforts. Many U.S. Finns feel
that, in order to avoid product liabfl-
it)' problems, they must produce only
proven designs with extra measures
incorporated to ensure durability and
longevity, and ,to stress design ofpro-
ducts, to more stringent standards.
This hinders them from competing
agaLnst foreign companies that can
more readily offer ll.ew products and
designs.

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 tile current system,

THE~-U.S. businesses assert that they can be I of .fau]tand the proof of the absence ..•. REPORT
~or~oe.d to. pay.lar.ge se.. Ule.m.. en~s~or in- of ~on.tributing fault. on. the part of the . - ...
junes that they did not cause; It IS now I plaintiff.
always necessary in the U.S. legal • Certain U..s. Department of '
system to show that the target of such Defense policies are eroding the
a suit was responsible for injuries. U. S. defense industrial base,
U.S .. firms maintain that this gives I according to some U.S. producers.
foreign Finns a competitive edge over • ome U.S. producers believe
their Il.S, counterparts since other in-· Ithey are harmed by the De-
dustrialized countries have a fault- I _. __ f,ense Department's practice
based standard of liability or other 'of purchasing on initial bid price
judicial or institutional differences that rather than the life cycle costof the
reduce the uncertainty of liability product. This policy favors the low-
lawsuits. The fault-based system sets cost producer, whether it is the
mOJ1E!rigorous standards for the proof manufacturer that has invested heav-

• il.y in research and development 'to
produce a superior product or an-

• other, perhaps less knowledgeable.
- producer. Other sources believe that

• defense weapon systems are increas-
ingly 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 en-
forcemeat of "Buy America" proeure-
ment regulations in order to counter
shifts in purchases to for,eign goods.
• U.S. distributer» cite improved

product assortment, price, quality,
service, and leadtime as the primary
areas U.S. producers need to ad-
dress in order to remain competitive
in the U.S. market.

IIIome U.S. d.istributors
I criticize U.S. gear manufac-
I turers for not offering a com-

piete 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 pre-
ducers believe that U.S. production is
primaJily intended for the domestic
market and is therefore not truly com-
petitive with the assortment of
products available from foreign
sources,
• U.S.producers expressed concern

over the way gears and geQr
products are cu.rrently classified
under U.S. Government statis.tical
programs.
They are concerned that a large

part of current domestic industry ac-
tivilyis not covered by the Standard
Industrial Classification system.
Simi1arty, import statistics of products
from other countries (especially
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, " '. Canada) 10' the United States are not flow of U.S. exports into major

" collected in categories that are useful foreign markets.
- to the domestic industry. Trade barriers named included

• U.s. producers expressed concern high tariffs, import licensing re-
ove'r the current pattern of foreign quirements, technology 'transfer re-
investment in the United States. quirements, subsidies, local content
U.S. producers are facing increased requirements, exchange and other

competition from foreign-owned firms monetary or financial controls, and
that are locating in the United States discriminatory sourcing. Countries
in order to increase their market most often cited with signficant bar-
share. Such firms are not investing in riers to trade include Japan, Argen-
existing U.S. operations, but are con- tina, Australia, Brazil, the Ee
srructing new facilities or are estab- , member states, India, Mexico, Korea,
lishing marketing agreements with China, and the Eastern Bloc.
U.S,. distributors. Foreign automobile • According to U.s. manufacturers,
manulaceurers are locating in the finding and retaining skilled labor
United States and are sourcing gears is difficult and current training pro-
from. their home countries. grams are inadequate and
• U.s. .indus.try sources allege unfair outdated,

trade practices by foreign Sup- II n.un:be.r,Ofcoun,tr!.~. report a
pliers, citing as an example import similar lack of skilled work-
prices that are SU,bsta. ntially lOW. er I; ers, Those u.s. firms that
than U.s. producers' prices, ,despite offer in-house training report that
unfavorAble exchange rates for the many employees leave for higher
imports. paying jobs with other firms. Unlike

•

oreign suppliers state that the United States, where training pro-
price differ·ences are a result grams receive little or no government
of their different gear pro- Hnancing.asststance is provided for

duction technology and the produc- training programs in the ECand
tion of gears for different applica- Japan ..
tions. Domestic firms advocate t.he' In some countries, such as West
implementation of reciprocal trade Germany, vocational training and
agreements between the United States apprenticeship programs are used to
and those countries exporting to the train a skilled labor force. In other
United States, and matching U.S. im- European countries and in Japan,
port tariffs with those faced by Ll.S. however, such programs are not
exports, widespread and manufacturers ex-
.' U.S. firms indicated that .tr:adebar- press concerns similar to their U.S.

tiers significantly inhibit the free counterparts. regarding attracting
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younger employees to these
programs.

las.ed '0, n c,~mparisons .of the

I

U.S. gear mdustrYWlth the
U.S. gross national product

(GNP) and broader industry groups,
growth in the total U.S. gear industry
shipments have lagged behind that of

i the GNP, and the motor vehicl sec-
tor kept pace with that of the durable
goods sector, and surpassed the
growth in all manu lac turing. Em-

i ployment in the U.S. gear industry
i fell slightly during 1984-88, whereas
. it rose 3% annually in the motor
I vehicle industry and less than 1% in.
all manufacturing during the same
period. Capital expenditures, espeei-
ally among U.S. vehicle gear pro-
ducers, increased substantially during
1984-86, as new machinery was re-
quired for new generations of auto-
motive transmissions, and then de-
dtned. Such expenditures increased at

I an average annual rate ,of 4%, com-
pared with 7% for 31]1 manufacturing
during the period. I.
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