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PREPACB 

This report presen ts the findings and recommendations of 
the second of two committees formed by the Manufacturing 
Studies Board at the request of the Department of Defense 
to study the defense readiness and international competi­
tiveness of the u. s. machine tool industry . 

The committee on the Machine Tool I ndustry, Phase I ,  
was a three-month effort beginning in October 1981 . I t  
reviewed prior studies, defined issues, and designed the 
study to be undertaken in Phase I I , which has resulted in 
thi s report. 

The P hase I study is a stepping stone for the Phase I I  
analysis--this report--of the machine tool industry's 
competitiveness and defense readiness, in the light of 
its changing structure and capabilities. The committee 
is also indebted to the earlier studies of the machine 
tool industry, particularly those by the Machine �1 
Task Porce, the Defense Science Board, and the National 
Academy of Engineerin g. 

Important trends, however, have intensified in the 
machine tool industry since the writing of those earlier 
reports. New process technology is rapidly widening the 
scope of the industry beyond the traditional con cept of 
metal-cuttin g and -forming equipment, f urther, structural 
changes within the industry include an increasing number 
of m ergers, acquisitions, and joint ventures. A new 
study was needed that took as its starting point an 
emerging machine tool capability, reflecting both 
technological and structural changes. 

The P hase I committee designed a study to interpret 
the significance of this transformation of the industry 
for the Department of Defense (DOD) and to mak e recom­
mendations for policy based on DOD's needs and the 

v 
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emerg ing industry . Th is  repor t presents the results o f  
that study . 

The Commi ttee on the Machine Tool Industry,  Phase I I ,  

i s  solely respons ible for this repor t . A number of 
other s ,  though , have made invaluable contr ibutions . 
Pr imary among these is the Phase I committee , whos e 
defin i t ion of issues and study des ign were the bas is for 
the wor k represented in th is report . Me l Horwi tch 
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valuable comments on the several drafts of

· 
the repor t .  

Study director s Joel Goldhar ( f i r s t  half) and George 
Kuper ( second halft contr ibuted many of the ins ights to 
the Commi ttee ' s  discuss ion .  Consultants Stephen Merr i ll 
and Jack Bloom provided analyses of the relationships 
among DOD , the mach ine tool industry , and pr ime 
contractor s ,  and d id the initial drafts of sect ions of 
the report . Staff off icer Janice Gr eene assisted i n  the 

Commi�tee•s analys is and wr iting . Consultant Will iam 
Levitt conducted and analyzed a survey of recent mach ine 
tool purchases by domestic firms . Consultant Harold 
Davidson provided a wealth of h istor ical and procedura l  
information from the Depar tment of Defense . Char les 
Downer , of the Nat ional Mach ine Tool Bu i lders• Assoc i a­
tion , was another impor tant source of data . Consultant 
Edgar We inberg provided statistical backup . Consultan t 
George Krumbhaar researched issues per tain ing to the 
viewpoints of pr ime contractor s and also organized the 
Commi ttee ' s  comments into the f inal ver s ion of th is 
repor t .  Consultant Deborah TOmusko conducted case 
s tud ies at mach ine tool bu ilders; her research forms the 
bas is for parts of Chapter 2. Staf f assoc iate Georgene 
Menk was responsible for the admin istrative wor k of the 
Committee , and Donna Re ifsn ider and Pr ances Shaw ably 
typed this repor t .  

The aforement ioned help notwi thstand ing , there would 
be no repor t wi thout the dil igent effor ts of a very 
hard-wor k ing volunteer comm i ttee , including a talented 
group of drafter s led by our Vice Cha i rper son , Margaret 
Graham . 
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1 INTRODUCTION 

STATBMBNT OP TBB PROBLEM 

The per formance of the u.s. machine tool industry has a 
major impact on the effic iency , effectiveness ,  and t imely 
product ion of defense mater iel , despite i ts relatively 
small share of the nat ional economy . To provide for the 
nat ional secur ity ,  the Depar tment of Defense (DOD) 
manufactures and procures a wide var iety of articles , 
wh ich depend in turn on a wide var iety of manufacturing 
processes . To carry out thi s  miss ion effect ively , DOD 
needs not only mater ials but cont inuing access to the 
latest process technology to cut and shape those mate r ia l s  
i nto requ ired components . In add i t ion , the DOD mission 
needs expandable capac ity to manufacture both f inished 
a r t icles and spare parts dur ing mobilizat ion and extended 
military conf lic t .  

Recent trends , includ ing a sharp surge in mach ine tool 
imports as a percentage of domestic consumpt ion , have 
called into quest ion the ability of the domest ic machine 
tool industry to meet current needs for defense production 
under both peace and war t ime cond it ions.  The Depar tment 
of Defense requested the formation of th is Committee to 
assess the internat ional compet itiveness of the domestic 
machine tool industry , study its cur rent and expected 
r espons iveness to defense needs , and recommend act ions 
and polic ies for DOD and others to ensure access to a 
suff icient mach ine tool capac i ty and capability .  

1 
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2 

THE U . S .  MACHINE TOOL INDUSTRY : 

THE PROBLEMS OF MATURITY 

The u.s. mach ine tool industry shows many of th e 

character istics of an aging , mature industry . Annual 
growth of real domestic mach ine tool output has stood a t  
approximately 0 . 1  percent for the last decade , average 
annual productivity ,  measured by output per man hour , 
actually declined dur ing 1973-198 1 .  Contr ibut ing to the 
industry ' s  low product ivity is the fact that its own 
product ion mach inery is relat ively old . I n  1978 , 40 
percent of i ts mach ines in use were over 20 year s old . l 

I n  Japan , by contrast,  the compar able f igure has been 
est imated at 18 percent . 2 

Like other mature industr ies such as steel ,  the u.s. 
mach ine tool industry has been h i t  hard by for e ign 
competition .  Mach ine tool impor ts , wh ich stood a t  9 . 7  
percent of domestic consumption 'in 1973 , cl imbed to 2 4 . 2  

percent in 1981. 3 

Add ing to the problems of the domestic mach ine tool 
industry are some far-reach ing technolog ical advance s 
that not only are alter ing the types of mach ines be ing 
demanded by end user s but have also g iven r ise to the 
e ntry of new types of f irms in the provis ion of mach ine 
tools in the broader market for factory automat ion 
products . In var ious stages of research , development ,  
and implementat ion are ( 1 )  synthet ic mater ials , such as  
compos ites , ceramics , and plast ics , that will  ultimately 
replace metals in some mil itary and c ivil ian appl ications , 
and ( 2) new processes for forming and wor k ing both metals 
and other mater ials , wh ich will reduce the need for 
t rad itional mach in ing . I n  addition , the growth of 
computer- integrated manufactur ing has meant that new set s  
of  f irms ( e . g . , manufactur e r s  o f  computer controls) are 
enter ing the broader mar ket . While none of these f irms 
h ave entered as manufacturer s  of mach ine tools per se , 
they--along with spec ial ized assembly f irms and mach ine 
tool builders themselves--are l ikely to become major 
players in the process of f itt ing mach ine tools with 
computer technology . Accordingly , u.s. mach ine tool 
bu ilders will have to adapt to new mar kets and new 
products . 

To rema in competitive under these cond itions will 
requ ire ( 1 )  mass ive investments by the u.s. mach ine too l 
i ndustry in research and development , ( 2) a substantial 

broadening in these companies • R&D , eng ineer ing , and 
software capabilities , ( 3) a r eshaping of their 
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development strateg ies; and (4) heavy inves tment i n  
modern product ion fac il i t ies . I t  is uncertain,  however , 
how many of the companies in the u.s. machine tool 
industry other than the industry ' s  leader s have the 
abi l i ty or the percept ion of necessity to accomplish 
these tasks , although some individual f irms represent ing 
a s ignif icant par t  of the industry ' s  product ion are 
already engaged in meeting the challenge . 

This r epor t conc ludes that in the face of urgen t 
competi tive pressures , some u.s. machine tool builders 
have already begun r espond ing to the challenges of new 
competition and technology . As the Phase I study 
ind icated , the machine tool industry as traditionall y 
def ined is g iving way to a more soph ist icated one , wh ich 
is also engaged in , for example , factory automat ion and 
computer ized controls . The Committee bel ieves that , 
g iven a susta ined economic recovery and aggress ive steps 
by both government and industry , an effectively com­
pet i t ive domestic machine tool industry can emerge . Th i s  
i ndustry, however ,  will  be substantially d ifferent from 
the machine tool industry as trad i t ionally defined; many 
t rad it ional f irms who are unable or unwill ing to take the 
appropr iate steps to modernize will not survive the rapid 
changes that are now upon them. Without such a transi­
tion , the Uni ted States may lose or ser iously damage a 
r esource that i s  valuable to the nat ional economy and the 
national defense . Indeed , one of the aims of th i s  repor t 
i s  to desc r ibe what the • survivor s•  of th is trans itional 
phase in the machine tool industry will look like and how 
they will get there.  

THE DOD INTEREST 

A s  th is repo r t  descr ibes , the Depar tment of Defense 
already manages several programs aimed at improv ing 
manufactur ing productivity and mainta ining a reserve of 
machine tools . The Comm i ttee found that the DOD ' s  
interest regard ing the u.s. mach ine tool industry 
inc ludes having access to state-of-the-ar t  technology; 
being able to utilize cost-effec t ive , expandable 
product ion fac i l i t ies; and having a macro-economy tha t 
permits long-term growth within the domestic mach ine tool 
indus try . 

The changes in technology and mar kets refe r r ed to 
above , however , sugges t that DOD ' s  interest i s  tied to 
the internat ional compet it iveness of a • restructured• 
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machine tool industry substant ially more complex than th e 
t r adit ional industry as defined today . Th is scenar io 
necessar ily places more emphas is on measures to moderni z e  
the industry , and less emphasis o n  such tradit ional 
measures as stockpil ing maintenance . 

The chang ing status of the machine tool industry ra ises 
d i f f icult quest ions over how the government should treat 
mature ,  bas ic industr ies that are beset by rapid change . 
In many such industr ies , conventional bus iness economic s 
has seemed to favor the offshore manufactur ing fac i l ity ,  

whether th is fac i lity b e  owned by a u.s. o r  a foreign 
company . Th is tendency has recently appeared with respect 
to mach ine tools . Thus approx imately 40 u.s. machine 
tool f i rms have overseas facilities . On the other hand , 
some foreign manufacturers (e . g . , Yamazak i ,  Hitachi-Se i k i , 
Oer l ikon-Motch )  have establ ished manufactur ing or assembly 
plants in this country.  

The task fac ing th is Commi ttee , therefor e ,  has been 
twofold : f i r s t ,  to collect the data necessary to draw 
valid conclus ions as to the health and future of the u.s. 
mach ine tool industry r and , second , to assess the impl ica­
t ions for the national secur ity of these conclusions . 

The Comm ittee believes that certain pol icy changes ar e 
v i tally impor tant in suppor t of th is trans ition .  Chapter 
4 of thi s  rep6r t contains recommendat ions for action by 
DOD , other government agenc ies , pr ime contractor s ,  and 
mach ine tool bu ilder s themselves .  

APPROACH TO THE STUDY 

As the second of two stud ies produced for the Depar tmen t 
of Defense on the subj ect of the mach ine tool industry ' s  
international competitiveness ( see Preface) , the wor k of 
th is Committee stems from the wor k of the Phase I 
committee and its repor t .  

Dur ing the research phase , the Commi ttee conduc ted 
wr itten surveys , s i te v i s i ts ,  and interviews . Two wr itten 
surveys wer e  conducted : one of mach ine tool user s that 
had made recent purchases , to learn what they had bought 
and why r and one of mach ine tool bui lder s ,  to learn the i r  
percept ions o f  recent economic and technolog ical trends . 

Eleven s i te visits wer e conducted at f irms chosen to 
represent a wide spectrum of machine tool f i rms .  The 
major groups having an interest in th is study--DOD , 
machine tool bu i lder s ,  pr ime contractor s ,  and major 
s ubcontractor s--par t ic ipated in a total of sever al dozen 
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telephone interviews , in add ition to the surveys and site 
v i s i ts .  

These pr imary data collection effor ts were augmented 
by a literature review and the collect ive knowledge of 
the Committee member s .  When the data gather ing effor t 
was completed , the Committee under took to synthes ize th e 
v iews presented by the var ious sources . 

Pro• the star t ,  the Committee was impressed with th e 
unevenness of the data . Much of the available informa­
t ion is h ighly aggregated , thus obscur ing the s i tuat ion 
of many individual f irms , or merely anecdotal , thus 
mak ing general izations difficult . Under these c ircum­
s tances , the Committee was forced to rely in a number of 
instances upon its own surveys , as well as the subj ect ive 
j udgments of i ts membe r s .  

The Committee broke the issues down into the following 
questions , to form the underpinnings of its analys is . 

• What is the technolog ical and economic state of 

the u.s. mach ine tool industry today relative to foreig n 
compet ition? 

• I s  the u.s. in danger of los ing two impor tant 
strateg ic resources : its mach ine tool manufactur ing 
capab ility and its pos i t ion as a leader in manufactur ing 
process technology? 

• What are the causes of the problem of increased 
impor t compet ition in the mach ine tool industry? 

• To what extent has DOD action affected the cur rent 
status of the u.s. mach ine tool industry? 

• Are there major shor tcomings in the mach ine tool 
industry structure and per formance that are in the 
nat ional interest to change? 

• What are the nat ional secur ity interests regard ing 
the u.s. machine tool industry? 

• What construct ive contr ibut ions might be provided 
by DOD in pur suing these interes ts? 

• What are the potential contr ibutions of other 
executive branch government agenc ies , pr ime contractor s , 
and the u.s. Congress? 

• What policies and act ions should be appl ied by the 
mach ine tool industry? 

ORGANIZATION OP STUDY 

The Committee organ ized its wr itten analys i s  according to 
two broad topics : ( 1) the present compet itive s ituat ion 
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of the u.s. machine tool industryJ and ( 2 )  the relation­
sh ips among DOD , pr ime contractor s ,  major subcontractor s ,  
and machine tool bui lder s  that affect the competit iveness 
of the u.s. bu ilder s .  These are descr ibed in Chapters 2 
and 3 ,  respect ively . Chapter 4 presents the Committee ' s  
conclus ions about the impl icat ions of this situat ion for 
this country ' s  national secur ity goals , and presents a 
set of recommended opt ions for DOD and other s .  Three 
append ices are also included . 

NOTBS 

1 .  Nat ional Machine Tool Bui lders ' Assoc iat ion (NMTBA) , 
Economic Handbook 1982/83 , p .  233. 

2 . Japan Productivity Center . More recent (1981)  dat a  
suggest that wh ile the total inventory of Japanese 
machine tools is not as young as it once was , it  i s  
still  h igher than the u.s. for most mach ine tool 
categor ies. Anderson Ashburn ,  •Modernization Pac e 
S lows in Japan , •  Amer ica Mach inist (January , 1983) , p .  
12 2 .  

3 . NMTBA, Economic Handbook ,  1982/83 , p .  126 . 
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2 AN INDUSTRY RESTRUCTURED 

OVERVIEW OP CHANGES 

We ' re going through a revolution in manufactur ing 
t echnology . Formerly ,  you would have talked about 
evolut ion . [Director of manufactur ing research a t  
hel icopter plant] 

The Amer ican mach ine tool manufacturer is not as 
competitive as his  [fore ign] competitors are • • •  not a s 
prepared to make changeover s into new technology . 
[Head of fac i l i t ies d ivis ion at aerospace f irm] 

The u.s. mach ine tool industry is  undergoing fun­
damental restructur ing . A structurally more complex and 
technolog ically dynamic industry is  replac ing a matur e ,  
less complex one .  

The industry has been char acter ized by fragmentation , 
relatively low levels of capital investment , and con­
servat ive management . Strong forces from outs ide the 
domestic mach ine tool industry , however , have made th i s  
traditional posture of the industry permanently outmoded . 
These forces include technolog ical as well as economic 
factor s: for example ,  the increas ing use of new tech­
nolog ies in mach ine tool construct ion and appl icat ions , 
and the increas ingly global v iew of mach ine tool markets 
by for eign suppl ier s .  

The mach ine tool industry has undergone fundamental 
change over the past decade . Although bas ic metal-cutting 
and metal- forming mach ines are still a cr itical element 
in the manufactur ing picture , the mach ine tool industr y 
today i s  becoming par t  of a new , automated manufactur ing 
industry that is produc ing new types of products , such as  
computer-dr iven , integrated production systems , that d id 

7 
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not exist 10 years ago . I t  contains new industry segments 

wh ich have entered the market to promote advanced tech­
nolog ies . I t  i s  d iver s i fying into the process ing of new 

mater ials . And i t  is  today more than ever part  of a 
world mar ket , with wor ldwide sources be ing used even by 
u.s. machine tool firms . In  this  wor ld market , however , 
the u.s. f i rms are be ing ser iously challenged by fore ign 
manufacturers instead of dominat ing mar kets as they d i d  
10 years ago . I t  is  this new , broader , and wor ldwide 
industry that forms the bas is  for an assessment of the 
mach ine tool industry ' s  respons iveness to national 
secur i ty need s .  

Th is chapter traces h ow  these developments are 
restructur ing the u.s. mach ine tool indus try today , an d 
is  divided into the following sections : 

• the trad i tional u.s. mach ine tool industr y 
• technolog ical trends shaping the industry 
• economic trends 
• new entrants and new compet itive strateg ies 
• response of mach ine tool bu ilders to these change s 

THE TRADITIONAL U . S .  MACHINE TOOL INDUSTRY 

Any analys is of the mach ine tool industry in the United 
States today must incorporate the fact that technolog ical 
and mar ket cond i tions are alter ing the definition of the 
industry and the players in i t .  To impart some apprec ia­
tion of these changes , this  report star ts with an 
examinat ion of the traditional u.s. machine tool industry . 

Def in i t ion . According to the National Mach ine Tool 
B u i lder s •  Assoc iation (NMTBA), the industry compr ises the 
manufacturer s and sellers of machine tools , def ined as 
•power-dr iven machines , not hand held , that are used to 
cut , form or shape meta1 . • 1 Metal-cutt ing mach ine s 
i nclude lathes , grinding machines , mill ing mach ines , and 
machining centers.  Typical metal-forming mach ines ar e 
presses , forges , and punch ing , shear ing , and bending 
machines . This  product class i f ication conforms to th e 
Standard Industr ial Class ification Codes 3541 (metal­
cutting) and 3542  (metal-forming ) . 

Size.  The mach ine tool industry , thus
' 

defined , is  a 
relatively smal l sector of the economy . Product ion i n  
the Uni ted States totaled $3 . 6  bill ion i n  198 2 ,  o r  0 . 12 
percent of GNP . 2 Total employment in the industry at 
the end of 1982 was estimated at 68 , 000 , or less than 
0 . 10 percent of u.s. employment. 3 
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Unt i l  197 1 ,  when u . s .  mach ine tool produc tion wa s 
outstr ipped by west Germany , the Un ited States had been 
the wor ld ' s  lead ing producer of mach ine tools s ince the 
end of Wor ld War I I .  The Uni ted States regained the lead 
in mach ine tool product ion in 1979 , only to be surpassed 
by Japan in 1982 . 4 The growth of Japanese mach ine tool 
product ion has been espec ially swift , averag ing a�proxi­

mately 30 percent annually be tween 1976 and 1981 . 
Notwi thstand ing th is development , Amer ican mach ine 

tool bu i lders have sold , and cont inue to sell , many 
mach ine tools for expor t .  Bxpor ts have averaged 13 . 8  
percent of domest ic mach ine tool product ion dur ing 
1971- 19 8 1 ,  and in 1981 itself stood at 13 percent of 
domestic production . These expor ts have also held the i r  
own compared with the combined exports o f  other countr ies . 
The u. s .  shar e of world mach ine tool exports has ranged 
about 8 to 10 percent s ince 1970 , the rapid r ise in 
Japanese machine tool expor t trade , in fact , appears to 
have been more at the expense of West German than of u . s. 
expo r ts . 6 

The Commi ttee notes in pass ing that the Bastern Bloc 
countr ies , once a large mar ket for u. s . -made mach ine 
tools , have now effect ively d isappeared as s igni f icant 
purchaser s of u. s .  equ ipment . Mach ine tool expor ts to 
these countr ies stood at $92 . 5  million in 197 5 ,  or 16 . 3  
percent of total such expor ts , the cor respond ing f igures 
for 1981 are $22 . 8  mi l l ion , amounting to 2 . 2  percent of 
expor ts . Mach ine tool expor ter s ,  therefore , have had to 
f ind other mar kets to compensate for th is loss . Although 
the Comm i ttee ' s  mandate did not include pursu ing thi s  
i ssue fur ther , the Bas tern Bloc sales s i tuat ion is v iewed 
by the Comm i ttee as an • unsolved • quest ion that mer its 
fur ther u . s .  government attent ion . 

Concentrat ion . Most companies in the u . s .  mach ine 
tool i ndustry have tradit ionally been small , closely held 
f irms with nar row product l ines . Table 1 shows the 
extent to wh ich small establ ishments have populated the 
i ndustr y .  

I n  add i t ion , the industry has not been char acter ized 
by s ign i f icant f irm concentration . Accord ing to Commerc e 
Department f igures , the 4 largest metal-cutting mach ine 
tool establ i shments wer e respons ible for 22 percent of  
i ndustry shipments in 1977 . I n  198 1 ,  15 compan ies 
accounted for approx imately 70 percent of the mach ine 
tool industry ' s  shipments , as Table 2 shows . This  means 
that the other 30 percent of shipments came from the 
r emain ing 1 , 000-plus establishments . 
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TABLB 1 

S ize of u.s. Mach ine Tool Establ i shaent s 

1963 196 7  1972 1977 

Number of 
establ ishments 1 , 167 1 , 253 1 , '277 1 , 3 4 3  

Average s ize of 
es tablishment 
( employees) 

Percent w ith 20 

o r  more employees 

71  

36 

93 60 62 

4 0  34 35 

Source : NMTBA, 1982-83 Economic Handbook of the Mach ine 
Tool Industry . 

Sales Pattern .  Mach ine tool sales have trad i t ionally 
been sens it ive to changes in the bus iness cycle .  The 
National Academy of Eng ineer ing recently observed that 
•perhaps the most impor tant trait assoc iated with the 
mach ine tool industry is the extreme cyc l ical ity of i ts 
income , prof its and cash flow. • I t  conc luded that • i t  
would be imposs ible to under stand the Amer ican machine 
tool industry without apprec iat ing both the depth and 

wide-rang ing implicat ions of these cycles . •7 Year-to­
year swings in machine tool orders of +75 percent and -so 
percent ha�e occur red ( see Figure 1) , 8 compared with 
maximum s.ales. swings of  +32 percent and -34 percent in 
s teel . 9 Th is sales pattern has forced upon the industry 
a strategy of •buffer ing •  bus iness cyc le downturns by 
accumulat ing order backlogs from boom t imes . 10 As th e 
�ollowing paragraphs ind icate , th is pattern has prevented 
even large mach ine tool f i rms from having the capital 
investment ,  R&D , and over seas sales structure found in 
other manufacturing f irms ( e . g . , off ice equ ipment) of 
s imilar s ize.  

Employment Patterns . This cyclical ity has had an 
effect on employment in the industry . Although th e 
industry gener ally pays its employees better than the 

average of dur able goods manufacturers ( see Table 3) , 
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TABLE 2 

Sh ipments by the 15 Largest u.s. Mach ine TOol Companies 

CompanY 

C inc innati Milacron 
Bend ix 
Cross ' Trecker 

Gidd ing s ' Lew is 
Ex-cell-O 
F .  Joseph Lamb 
Textron 
Acme Cleveland 
Litton 
Ingersoll Mill ing 
White Consol idated 
Gleason Works 
Houda ille 
Monarch 
Esterline 

Est iaated 1981 Shipments of u.s.­
produced Machine Tools <aaill ions) 

498 . 0  
4 00 . 0 
310 . 0  
286 . 9 
280 . 0  
275. 0 
270 . 0  
240 . 0 
200 . 0  
20 0 . 0 
180 . 0  
160 . 0 
150 . 0  
140 . 1 
112 . 3  

3 , 7 0 2 . 3 • 731 o f  
Total Sh ipments 5 , 095 . 6 

Sources : Amer ican Mach inist,  August 198 2 ,  p.  5 l r  

NHI'BA. 

whether because of d i fferences in skill levels or 
employment cond i t ions , employment fluctuations have been 
substantially sharper among machine tool compan ies than 
in the durable goods sector of the nat ion as a whole . 
Commerce Depar tment f igures show that aver age changes in 
machine tool product ion worker employment are more than 
one and one half t imes the percentage changes in  durable 
goods employment generally . 

Industry observers , and the Commi ttee ' s  own surveys , 
c ite this cycl ical ity as one of the causes for the 
i ndustry ' s  conservative management and the inabil ity of 
many mach ine tool f irms to attract and retain the 
br ightest eng ineer ing , manager ial , and technical talent . 

Prof itabil ity .  A common assertion has been that 
mach ine tool industry prof itability is  somewhat h igher 
than the manufactur ing average dur ing upturns in the 
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FIGURB 1 Year-to-Year Change in Real Net New Orders o f  
Ma�h ine Tools , 1957-82 . 
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Sources: NMTBA, Economic Handbook of the Mach ine Tool 
I ndustry , 1982-83J NMTBA, • Industry Est imate of New 
Orders , Cancellat ions , Sh ipments and Backlog (monthly) • .  

bus iness cycle , but substant ially lower on the 
downside . ll Table 4 sets for th f inanc ial ratios that 
contrad ict this  general asser t ion at least for the year s 
1975-81 .  These ratios indicate that the industry has 
ma inta ined moderately healthy levels of prof its and 
earnings relative to sales and to net wor th , that these 
levels have r isen since the middle of the last decade , 
and that they compare favorably with cor responding r at ios 
for durable goods manufacturer s .  In 1982 and 1983 , 
however , many u.s. mach ine tool compan ies posted 
s ignificant lossesl2 and at least one prominent 
industry analyst has commented that • the mach ine too l 

industry faces difficult prof itabil ity through 19 8 4 . • 13 
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TABLE 3 

Wage Rates for Metal-cutting Machine Tool Employees 
Relative to Durable Goods Hourly Wages 

Year Percent 

1960 10 6 

1965 110 

1970 112 

1975 W8 
1976 W8 
1977 W9 
1978 W9 
1979 W9 
19 80 W9 
1981 10 7 
198 2  W8 

Source: u.s. Department of Commerce. 

Research and Development. Conventional machine tool 
industry managers have been cited by outside observers14 
and by members of the machine tool industry itaelf15 
for taking a short-term perspective on their market. 
Technological pre-eminence and a reputation for excellenc e 
are difficult to maintain without investment in basic 
research and development. The willingness and ability to 
invest in R&D requires a long-term outlook and an 
understanding that state-of-the-art technology and ita 
potential for developing new products are essential for 
survival. 

The Committee found that a few leading machine tool 
companies have maintained R&D initiatives. However, the 
industry as a whole has traditionally drawn on outside 
sources for new technology and new product development-­
e. g. ,  from the manufacturers of computers and controllers, 
manufacturing systems designers, and DOD prime 
contractors--rather than from internal R&D efforts. As 
this report points out, this pattern of technology flow 
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TABLE 4 

S elected Financial Rat ios Compar ing u.s. Mach ine Tool 
Industry with Durable Goods Manufacturers 

K•chin• Tool Induet!I Dur•ble Goode Induet!I !l!!!l!erieon• 
.. b. d • f. c. .. 

Met !em ina• Met 
Operetina on let Ope retina !•mina• on col.- "•" 
Profit on Worth After Profit OD let Worth •• :r of 

Year Salee T•••• Salee After T•••• colu.n "c" 

1975 9.1 13.8 6.7 9.9 135.8 
1976 9.4 11.0 7.9 13.6 118.9 
1977 7.6 12.3 8.2 14.5 92.6 
1978 7.8 12.8 8.5 15.9 91.7 
1979 12.2 16.3 7.6 15.5 160.5 

1980 13.1 18.1 6.0 11.2 218.3 
1981 12.6 18.0 6.5 12.0 193.8 

1975-81 
•••rea•• 10.25 14.61 7.34 13.22 144.51 

Source : Peder•1 Tr•d• Ca..ieeion; MKTIA 

can be asc r ibed in part to conventional defense 
procurement practices . 

col- "b10 
•• :r of 
col- "d" 

139.3 
80.8 
84.8 
80.5 

105.1 
161.6 
150.0 

114.58 

Data on R&D outlays by the u.s. mach ine tool industry 
ar e contradictory . Two independent sources estimate that 
R&D investment averaged 1 . 5  to 1 .6 percent of sales over 
the past decade . l6 Figures suppl ied by the industry on 
a confidential basis  to their trade assoc iat ion put the 
l evel at 4 . 1  percent . 17 The NMTBA ' s  data repor t that 
R&D climbed to 4 . 2  percent of sales in 1981 and 1982 , 
r eflect ing e ither new R&D initiatives and/or the 
industry ' s  inability to cut R&D below certain minimum 
levels dur ing recess ionary per iods . 

Analys is of this issue is complicated by the fact tha t 
the definition of • research and development• in the 
mach ine tool industry is not uni form . Because much o f  
the industry ' s  wor k involves the adaptation o f  basic 
mach ine tools and manufactur ing systems to specific 
customer requirements , many machine tool companies 
include such eng ineer ing appl ication expenses with the i r 
R&D accounts . As a result of this accounting pract ice , 
which is not un ique to the industry , machine tool 
industry R&D rat ios may be inflated . 

The dollar amounts spent on R&D in the domest i c  
machine tool industry also shed some l ight o n  that 
industry ' s  economic s ituation . Table 5 sets for th thes e 
amounts , on both a current and a constant dollar basis . 
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TABLE 5 

Research and Development Outlays , 
u.s. Machine Tool Industry 

Current Constant 
Year Dollars (1975t Dollars 

1975 $ 7 3 , 17 4  $ 73 , 17 4  
1976 73 , 231 67 , 17 5  
1977 83, 238 70 , 54 1  
1978 104 , 8 5 5  79, 436  

1979 128, 216 84 , 9 1 1  
1980 17 1 , 539 96 , 91 5  
1 9 8 1  188 , 196 9 6 , 01 8  
1982 (est . )  15 1 , 385 75 , 69 3  

Source : NM'l'BA. 

What the table shows is that R&D outlays have been 
heavily affected by economic slowdowns , and in 1982 fel l 
almost to the level of outlays , in real terms , that 
existed in 197 5 .  

Capital I nvestment.  Table 6 compares capital outlays 
in the machine tool industry (SIC Codes 3541  and 3542) 
w ith outlays in related industr ial sector s .  I t  shows 
that u.s. machine tool industry outlays for capita l 

spending have generally lagged those of other industr ies . 
This is  cons istent with the conclus ion , refer red to 
above , that mach ine tool builder s have tended to rely on 
stretched out order back log management ,  rather than 
increased capac i ty ,  to accoanodate cyclical changes in 
demand . 

Growth and Productivity .  The u.s. mach ine tool 
industry ' s  share in wor ld machine tool product ion i s  
s ignificantly below what i t  was in the late 1960 s .  In  
1968 , for example , the u.s. share in wor ld machine tool 
output was more than 25 percent.  Since 1970 , however ,  i t  
has fai led t o  climb above 20 percent . l8 

Of more s ignificance , because of i ts implications for 
the futur e ,  product ivity growth in the u.s. machine tool 
i ndustry has also been poor .  Table 7 compares mach ine 

tool industry output and product ivity growth with cor -
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TABLE 6 
New Capital Expenditur e s  

a s  a Percent of the Value of Sh ipments-­
Selected Industr ies , 197 5-1980 

I ndustry Percent 

Miscellaneous Mach inery (SIC 359) 5 . 9  
Off ice Mach inery (SIC 357)  5 . 5  
Blast Furnaces/Bas ic Steel Products (SIC 3 3 1 )  4 . 6 
Constr uction Mach inery (SIC 3 5 3 )  4 . 0  
General Industr ial Mach inery (SIC 3 5 6 )  3 . 5 
Eng ines and Turbines (SIC 351)  3 . 4  
Motor Veh icles and Equ ipment (SIC 3 7 1 )  3 . 4  
Farm Mach inery (SIC 352 )  3 . 1  
MACHINE TOOLS (SIC 3 54 1  AND 3 5 4 2 )  2 . 9  
Spec ial I ndustr ial Mach inery (SIC 355)  2 . 9  
Refr igeration and Service Mach inery (SIC 358 ) 2 . 5 

Sources : Based on data from the Annual Survey of 
Manufactures and the 1977 Census of Manufacturers . 

r espond ing f igures for the u.s. durable goods sector . I t  
shows that machine tool industry productivity growth has 
aver aged a negative 0 . 7 percent annually dur ing 1973-198 1 ,  
which i s  substantially less than the per formance of u.s. 
durable goods industr ies dur ing the same per iod .  

Although i t  is poss ible that some productivity los s 
could have been caused by the retention of skilled wor kers 
dur ing economic downturns , the major ity of the Commi ttee 
believed that the productivity growth record bears some 
relation to the levels of capital investment and R&D with i n 
the indus try . Whi le the connect ion cannot always be 
measured directly , it is generally accepted that h igh 
levels of capital investment and R&D spending are essential 
to ma intaining productivity growth in technology-intens ive 
industr ies . l9 

Mar keting . This gener al picture of a not very robust 
domest ic industry is also reflected in the mar keting 
practices of u.s mach ine tool builders .  The industry 
itself  has recogn ized that mach ine tool company managemen t 
needs to adopt a long-term outlook and will ingness to 
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TABLE 7 
Growth of Output and Productiv ity : 

Annual Average Percent Change 

Growth of output 

Manufactur ing 
Durable goods manufactur ing 
Machine tool industry 

Growth of output pe r hour 
of all employees 

Manufactur ing 
Dur able goods manufactur ing 
Mach ine tool industry 

1959-
-1973 

4 . 6  

4 . 8  
2 . 3  
2 . 3  

3 . 0  
2 . 8  
1 . 0  

1973-
-198 1 

2 . 3 

2 . 5  
0 . 1  
0 . 1  

1 . 7  
1 . 7 

-0 . 7  

Source : Bureau of Labor Stat istics , u . s .  Depar tment of 
Labor . 

i nvest in effect ive marketing networ ks that i ts Japanese 
competitor s have . 20 I nterviews conducted for this 
repor t ,  however , revealed that mar ket ing strategy fo r 
u . s .  machine tool f irms is usually react ive and has 
tended to concentrate almost exclus ively upon the state d 
needs of i ts larger , u . s . -based customers ,  with li ttle 
development of a more var ied cust0111er base . Japanese 

mar keting effor ts in the United States , on the other 
hand , began with a focus on mass-produced , low-unit-cos t 
numerc ial control (NCt machine tools attract ive to small 
and medium-s ized users . A fur ther descr iption of 
Japanese machine tool marketing effor ts in the United 
States is g iven later in this chapter .  

Concluding Comments on the Traditional u . s  Machine 
Tool I ndustry . The above paragraphs descr ibe an industry 
that has lost its posi tion as the wor ld ' s  number one 
producer of machine tools , to a nation whose own machine 
tool industry has been exper ienc ing dr amatic growth which 
does not appear to be slowing . This decline in the u . s .  
industry ' s  posi t ion fits the pattern o f  other mature , 
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domestic industr ies that have in the course of a smal l 
number of years come under severe competitive pressure 
from younger , foreign-based firms . In the case of the 
u.s. mach ine tool industry , this patter n has evidently 
been accentuated both by industry structure ( e . g . , 
fragmentation) and by the practices of industry manage­
ment ( e . g . , fa i lure to adopt a global , longer-term view 
of mar kets) . This structure and these pr act ices have 
influenced decis ions regard ing capital investment , R&D , 
mar ket ing , and employment . These decis ions seem to have 
left the industry ill-equipped for necessary large 
investments in new technology and new mar ket ing effor ts : 
factor s which , as the following sections show , are key to 
the industry ' s  future .  

TECHNOLOGICAL TRENDS SHAPING THE INDUSTRY 

In i ts 1982 annual repor t ,  Cincinnati Milacron s tated 
that 49 percent of i ts sales were of products that it d id 
not make f ive years ago. 21 This  observation , coming 
from one of the most forward- look ing u.s. machine too l 
f irms , demonstr ates the challenge facing the entire 
industry . The key technological trends g iving r ise to 
these new products are  ( 1) the increas ing use of  
computer s in factory automation r ( 2) the increas ing us e 
of substi tute mater ials , some with appl icat ions that 
permi t substitut ion for metals r and ( 3) new methods fo r 
metals process ing . 

Computers and Automation 

Approximately 10 year s ago , most mach ine tools sold wer e 
manually operated , stand-alone machines . Today , such 
machines remain economically appropr iate for many 
appl ications , but in 1982,, 3 6  percent of the machine 
tools purchased in the Uni ted States were operated by 
• numer ical • ( usually computer) control rather than 
manually . 22 Automation of a mach ine tool ' s  function 
via numer ical control (NC) has been ava ilable to manu­
facturer s  for almost three decade s .  Moreover , h igher 
levels of automation which incorporate not only an 
i nd ividual mach ine ' s  function but the mater ial handling 
and control systems as well , are already in use today in 
metal fabr icat ion and are l i kely to become commerc ially 
mor e attractive in the near future . I ndeed , the new , 
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rapid pace of automation dr iven by the need to buil d 
f lexibil i ty into ,  and costs out of , manufactur ing 
operat ions is g iving r ise to forecasts by industry 
exper ts of a boca market for automated factory equipaent 
over the next decade . 

By the end of this decade , flexible manufactur ing 
cells and systeas are l ikely to be in h igh deaand . 
Flexible manufactur ing systeas (PMSt represent a new 
applicat ion for machine tools in which groups of mach ine 
tools are integrated and controlled by a central 
computer� the same computer also controls integrated 
mater ials handling systeas , includ ing robots , that move 
workpiece& from machine to machine and posi tion a 
wor kpiece at each machine . 

B roadly speak ing , then , a new manufactur ing process 
industry is developing whose products will soon include 
not only machine tools as tradit ionally defined and 
computer ized controls for individual mach ine tools , bu t 
also more complex computer hardware and software ,  
mater ials handl ing systems , mach ines for assembly , 
testing , washing , plating , and heat-treating componentsr 
and robots . Th is phenomenon is  dr iven , i f  by no othe r 

r eason , by events tak ing place around the globe . The 
Japanese Study Miss ion of the National Machine Tool 
Builders '  Assoc iation , for example ,  repor ted in 1981 that 
throughout its travels in Japan , 

i t  was apparent that PMS is upon us . Vir tually 
every Japanese [mach ine tool] bui lder was talk ing 
about it , prepar ing products for it and planning 
to use i t  in his plants . Several builder s have 
manufactured and sold FMS systems and at least two 
of them have complete PMS-�uipped par ts-mak ing 
plants under construct ion. 23 

This observation illustrates the increasing emphas is on 
integration in the mach ine tool industry , wherein 
t r aditional machine tools are used as par ts of larger 
manufactur ing systems incorporating the products o f  
non-mach ine tool manufactur er s such a s  computer-maker s .  

An even greater degree o f  automat ion than ind ividua l 
f lexible manufactur ing systems could become commercially 
attract ive in a robust economy , and a necessity in view 
of the heavy pressures of international competit ion for 
lower ing product ion costs . Turnkey automated factor ies 
have been des igned for industr ies , such as chemicals , 
c igarettes , paper , and text iles , that do not use metal-
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work ing mach ine tools . Among the prospects for automate d 
factor ies in the u.s. metalwor k ing industry are plants 

composed of flexible manufactur ing systems where 
i nventory management , scheduling ,  and routing are all 
computer controlled , and where robots and other automated 
equ ipment for such non-metalwor k ing tasks as painting are 
also controlled by the same central computer that 
coord. inates metalwor k ing production . I n  addition , for 
both PMS and automated factor ies , the speci f ications of 
the par ts to be produced can be developed by computer­
aided des ign (CAD) equ ipment that will be connected to 
the rest of the production system with the central 
compute r .  

I ncreas ingly ,  therefore ,  new products wi ll ar ise from 
the integration of information , electronic , and mechanica l 
technolog ies . Figure 2 attempts to provide a pictor ial 
representation of how technology is chang ing the face of 
the machine tool industry . 

Although there is substantial evidence that the u.s 
industry is at leas t as technolog ically advanced as the 
Japanese in the technology of PMS and other factory 
automation , 24 the chief d i f ference between the machine 
tool industr ies of both countr ies seems to be in the 
app lication of that technology . As the NMTBA ' s  Japanese 
study miss ion fur ther observes , 

a new par ts-manufactur ing plant in Amer ica would , 
most probably , be a modernized ver sion of exist ing 
plants . I n  Japan new mach ine tool par ts making 
plants use only the latest technoloqy . 25 

In all countr ies , the mar ket for complete flexible 
manufactur ing systems still remains small relat ive to th e 
economy as a whole . The impor tance of the PMS concept , 
however , goes beyond the number and growth of complete 
systems . More modes t ,  par tial , or l imi ted appl ications 
of ent ire automated systems are widespread , cons ist ing o f  
production subsystems and incremental stages of planned 
FMS proj ects .  

From the seller ' s  standpoint , therefore ,  the mar ket 
for PMS components is cons iderably larger than the numbe r 
of companies capable of purchas ing an automated factory .  
O f  the est imated 1 , 300  o r  more mach ine tool establishment s  
i n  the United States , approximately 3 7  companies ( the 
count will vary accord ing to the way subs id iar ies and 
d ivis ions of f i rms are accounted for) c laim to be able to 

manufacture complete manufactur ing systems . S ix of thos e 
f irms are among the f i fteen largest machine tool f i rms 
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c ited in Table 2 ,  above 1 together those s ix f irms account 
for approx imately $1.87 billion in mach ine tool sales . A 
larger number of f irms manufacture equ ipment , such as 
computer ized controls , programmable robots , CHC controls , 

and materials handling devices , that is ancillary to the 
mach ine tools in such systems . S igni f icantly , a numbe r  
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of companies other than traditional machine tool companies 
are also beginning to participate in this marketplace. 

New Materials and Methods 

Another development confronting traditional machine tool 
companies is the potential for reduction of metal-cutting 
and metal-forming markets through (1) the displacement of 
conventional metals by new materials such as composites, 
powdered metal, ceramics, and plasticsr and (2) the 
introduction of new techniques that reduce the amount of 
machining required to produce a finished shape. 

Non-metal Materials. At present, metals have not been 
supplanted by other materials to a degree that has sig­
nificantly affected machine tool markets. Nevertheless, 
depending upon their application, non-metals can be less 
expensive to manufacturer can be produced to net or near 
net shaper have superior performance because of greater 
strength, less weight, and durabilityr and save energy. 

Composites have been used in airframe construction 
since the late 1960s, and applications have grown as 
manufacturers have gained more experience and confidence 
in composite technology. For example, the F-14 and P-15 
aircraft have a relatively small amount of composite 
material, approximately 3 percent of structural weight. 
The newer P-18 and AVBB fighters contain 13 and 26 percent 
composites, respectively. These percentages should 
continue to grow as new airframes are developed. In 
other words, each new generation of aircraft is likely to 
have a substantially greater proportion of composites. 
There are conflicting indications as to how rapidly 
significant applications may occur, however, particularly 
in large airframes1 due to long development lead times 
for new aircraft.2b 

These new materials represent a potential growth area 
for the machine tool industry. Por example, plastics 
shipments already exceed the tonnage of steel, aluminum, 
or copper shipments.27 This large volume has created a 
potential growth market in plastics processing machines. 
According to the 1983 National Machine Tool Builders' 
Association Directory, eight NMTBA members manufacture 
plastics forming equipment.28 One of these firms 
(Cincinnati Milacron) is among the largest 15 u.s. 

machine tool companies. 
Metal Processing. New technology for metal processing 

can, in special circumstances, reduce the need for conven-
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t ional metal finishing ,  and also increase the pr ec i s io n  
of the metal fabr ication process .  Advances in near-net­
shape forming techniques via investment cast ing , powde r 
metallurgy , and continuous extr us ion all produce metal 
parts close to their f inal form, with sav ings in mater i a l  
scr ap and mach ining costs . New metal-cutting and 
-removing technology includes laser s and chemical 
m i lling .  Recent developments i n  metal-forming and 
-sur fac ing technology include electro-depos it ion and ion 
implantation . Commerc ially ,  none of these technolog ies 
has substantially displaced prevail ing metal-cutt ing and 
-forming technolog ies , and this repor t does not under take 
to estimate the pace of development of these technolog ies 
or the scope of thei r  ult imate mi litary and commerc ial 
appl icat ion . 

At the present time , approximately 10 u.s. machine 
tool firms are involved in these new technolog ies . 2 9 

F ive of the f ifteen largest u.s. machine tool f irms , with 
combined machine tool sales of approximately 8900 mi llion , 
are among these ten . 

The Committee believes that technology flows will 
continue to shape the industry . The machine tool bus ines s 
wor ldwide has become a fast-moving sector , technologi­
cally , where the Un i ted States cannot afford to be 
outd istanced by countr ies whose machine tool manufac­
turer s take a mor e aggr ess ive approach to push ing 
technolog ical advances within their own f i rms .  

ECONOMIC TRENDS 

The u.s. machine tool industry has been substantially 
influenced not only by technolog ical tr ends but also by 
economic ones . The r ecent recess ion , which has been the 
steepest of the eight postwar recess ions , and the loss of 
sales to foreign producer s have cut ser iously into 
prof i ts .  I t  produced losses i n  some cases even as th e 
Admini stration has put into place an expanded defense 
budget , and even as the signs are increas ingly ev ident 
that a r ecovery is under way . New mach ine tool orders 
are cons idered a • tagg ing •  economic ind icator r also , an 
i nd icator that fluctuates more widely than do other 
ser ies such as industr ial production .  This means that , 
although mach ine tool order levels are recover ing some­
what as expected , it  could be a year or more befor e 
orders reach levels that s ignal a r ecovery in the machine 
tool sector itself , and much longer before earnings can 
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suppor t needed substantial investments in new machin e  
tool manufactur ing capacity a s  well as i n  the moderniza­
tion of major sector s of cur rent facil ities .  

Global ization of Mach ine Tool Competit ion 

The global ization of di rect machine tool competit ion i s  
perhaps the most significant economic trend i n  the 
domestic industry today , for it is a new and permanen t 
one . 

Internat ional trade in machine tools is not new . In 
1949-51 , for example , approximately 20 �rcent of u.s. 
mach ine tool product ion was sold abroad . 30 What is new 
is that soph ist icated machine tool bu ilding industr ies 
have now developed s ince then in a number of nat ions , and 
a substantial number of these foreign mach ine tool firms 
are able to compete globally. 

In addi tion ,  the propor tion of wor ld trade in mach ine 
tools has grown . In 1968 , 29 percent of wor ld machine 
tool output was expor ted , the cor responding f igure for 
1981  is 4 0 percent. 31  As par t of this trend , the 
propensity for global sources in the machine tool 
industry ( i . e . , look ing beyond national boundar ies for 
machine tools and componentst is becoming more pronounced . 
As this r epor t points out ,  the u.s. mach ine tool industry 
i tself , by locating more of its own manufactur ing 
fac i l i ties over seas , is partic ipating in this trend 
toward global sources . Although u.s. mach ine tool firms 
have cons istently been strong expor ter s ,  foreign fi rms 
are captur ing increasingly large shares of the domestic 
u.s. mar ket . 

F igure 3 ,  wh ich traces the u.s. trade balance in 
mach ine tools , shows that in 1978 the United States for 
the f i r st t ime impor ted more machine tools than it sold 
abroad . This trade imbalance in mach ine tools has 
increased s ince then . In 198 1 ,  the u.s. trade defic it in 
mach ine tools was S48 2  million .  As shown i n  Table 8 ,  
impor ts as a percent of u.s. consumption have r isen very 
rapidly , from less than 10 percent in 1973 to 24 . 9  percen t 
in 1981 and an estimated 26 . 8  percent in 198 2 .  The NMTBA 
estimate for the first quar ter of 1983 is  33 . 8  percent . 

one way of comprehend ing the effect that the accelera­
tion in impor ts has had on the sales of domestic mach ine 
tool f irms i s  to hypothes ize what might have happened if 
impor ts had grown simply at the same rate as u.s. machine 
tool consumpt ion . The Committee has calculated that had 
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PIGURB 3 u.s. Trade Balance in Machine Tools . 
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imports of Japanese mach ine tools since 1975 grown at the 
same rate as u.s. mach ine tool consumption dur ing the 
same per iod , the Japanese mar ket would be approximately 
8500 mill ion less today than it is . This  S 500 mi l l ion 
f igure is equivalent to the sales of the largest u.s. 
machine tool firm and cor responds to approximately 10 . 2  
percent of shipments of u . s . -made mach ine tools . 

The country with the most rapid growth in mach ine too l 
t r ade , and in the value of mach ine tool expor ts to the 
United States , has been Japan . Japanese machine tool 
expor ts to the United States surged from 822 . 1  million in 
1973 to S687 . 5  mill ion in 1981 . Although Japanese mach ine 
tools were less than 15  percent of total u. s .  machine 
tool imports in 1973 , they accounted for near ly half o f  
such impor ts i n  1981 .  Imports from western Europe , 
measured as a percent of domestic consumpt ion , have 
r emained generally constant . 

I t  i s  wor th examin ing more closely the elements beh ind 
the initial Japanese success in the u . s .  machine tool 
markets , because they bear some r elation to the di ffi­
culties found by the u . s .  industry . In its interviews 
and del iber ations , the Committee found f ive such elements 
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TABLE 8 
u . s .  Mach ine Tool Imports and Expor t s  
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that deserve mention :  del ivery times , reliability ,  
targeting , pr ices , and commercial and government pol icie s 
and pract ices . 

Delivery Times . The tradit ional practice of order 
backlog management ,  which served u . s . machine tool 
builders well for several decades , was based on an 
impl ic i t  assumption that potential foreign compet i tor s 
d id not have the resources to take advantage of wide 
swings in the u . s .  machine tool market . Whether thi s  
assumption was ever valid , it  cer tainly was not so by the 
late 1970s . By that time , many foreign firms had the 
r esources to offer fast delivery of quality mach ines to 
u . s .  customers who did not wish to wait  for backlogs to 
be wor ked down by their domestic suppl iers . 
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Pigur e 4 compar es impor ts of mac hine tools with 
unfilled domestic or der s. It shows a r elatively cl ose 
cor r elation between sur ges in the backlogs, an d in 
impor ts. The only maj or br eak has come in the l ast thr ee 
year s, when impor ts have continued to r ise ( al beit at a 
slower r ate) while unfilled or der s fell because of the 
r ecession . 

The figur e con fir ms the Committee ' s j udgment that one 
impor tant r eason for Japan ' s success in the u.s. mar k e t  
has been this delivery time factor . Sur veys conducted 
for this r epor t  r eveal that u.s. manufactur er s wer e able 
to obtain delivery of Japanese machines within one or two 
months during the late 1970s , when some domestic builder s 
wer e  r equiring a 1-1/2 to 2 year wait. Por many of those 
customer s, lead time was the prime factor in the dec ision 
to purchase a Japanese machine. 

PIGURE 4 Machi ne Tool I ndustry--cutting and Por ming : 
I ndi ces of Unfilled Or der s and Impor ts ( 1967 • 100 ) . 
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Rel iability .  As in other areas such as electronic s 
a nd automobiles , Japanese mach ine tools have gained a 
reputa�ion for reliability .  Respondents who were 
interviewed for this r epor t stressed the super ior 
rel iabi lity of Japanese machine tools over the Ame r ican 
counterpar ts , and the met iculous attention to after-sales 
servic e .  

A complete compar ison o f  reliability character istics 
between Japanese and u. s . -produced mach ine tools would 
r equire access to propr ietary data . The Committee notes , 
however ,  that bus iness realit ies normally force greate r 
attention to reliability by the expor ter than by the 
domestic manufacturer , in order to reduce the expense o f  
mainta in ing a large , after-sales servic ing force i n  a 
foreign country . In part icular , the Japanese attention 
to quality is substantially at odds with the pressures on 
Amer ican business to maximize production , sometimes at 
the expense of quality--what one Committee member 
descr ibed as a •get-it-out-the-factory-door , we ' ll-fix-i t­
in-the-f ield• attitude . 

This attitude , to the extent it  descr ibes mach ine tool 
industry management ,  has clearly hur t the industry . 
P roduct r el iability has become one of the major selling 
points of Japanese machine tool products , accord ing to 
pr ime defense contractor r espondents who had bought 
Japanese tools in recent year s .  

Target ing . Japanese exporters have evidently 
concentrated on certain segments of the mach ine too l 
mar ket , both product- and customer-def ined . With regard 
to product , the Japanese have been most successful in 
selling numer ical ly controlled machin ing centers and 
lathes to u . s .  customers .  Line 7 of Table 8, for example , 
i llustr ates the dramatic growth in the percent of the 
domestic lathe mar ket wh ich has been captured by impor ts . 

Th is selectivity is  deliberate . As the Japanese Study 
Miss ion repor t points out :  

I f  [Japanese mach ine tool manufacturer s )  find that 
the potential for market share does not ex ist , 
they will sk ip a product or model .  Unlike many 
u . s .  manufacturers ,  they will not manufactur e a 
product j ust to round out the product line--they 
are very selective in machine s iz ing • • • •  32 

The Japanese Mach ine Tool Bui lders •  Assoc iation 
repor ted that 64 percent of its members • total NC machin e 
tool sh ipments in 1980 went to small companies . u . s .  
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builder s i n  contr ast have tended to r el y  o n  lar ger , 
easier-to- serve customer s such as aanufact ur er s of 
automobiles, air cr aft , far m equipment, and off-roa d 
vehicles. 

P r ices. Although pr ice has sometimes been less 
t.por tant than deliver y time and r eliability, it is 
never theless a maj or factor in markets and a cr itical 
problea in view of the pr esent under utilization of 
capacity in the u . s .  industr y. J apanese ccapanies h ave 
been able to sell cer tain machine tool s  in the United 
States for 10 to 40 per cent below u . s .  producer s•  
pr ices . As Tabl e 9 shows, the Japanese pr ice advantage 
is lar gely a • cost advantage• that plays a substantial 
r ole in Japan' s competitiveness. 

Tabl e 9 provides a r ough br eak down of the costs for 
building a conventional computer numer ical contr ol (CNC ) 
l athe in the United States and J apan. While the t able is 
intended only as an indication of gener al tr ends, th e 
magnitude of the cost advantages enjoyed by the J apa nese 
manufact ur er is impressive. The data show a Japa nese 
advantage at ever y step, despite estimates of a h igher 

' per centage for indirect labor . The r esulting 2 1  per cent 
pr ice differ enti al is typical of the exper ience of 
machine tool pur chaser s who wer e interviewed for thi s  
r eport .  

The Committee found the following elements t o  be the 
pr iaar y contr ibutor s t o  this pr ice differ ential : 

• P ur chased mater ials. I n  the table, the Japa nese 
ar e shown to have a 30 percent oost advantage. That 
statistic, however , could r efl ect differ ences in the mix 
of •aak e vs. buy• decision s between Japanese and u . s .  
machine tool firms as much as it might r eflect actual 
cost advantages. The Committee was unable to deter mine 
whether the J apanese machine tool industr y may be mor e 
inc lined to pur chase a r elatively small ..aunt of 
m ater ial s ( which aight explain the lower figur e for 
pur chased mater ial ) and mak e a higher propor tion of 
components in-house ( which might explain the h igher 
l abor-h our figur e) . 

• Dollar/yen exchange r ate. The dollar-yen r ate is 
a two-edged issue. Although the dollar is cur r entl y  
r ather str ong against the yen, giving J apanese manufac­
t ur er s  an acr oss-the-boar d pr ice advantage in u . s .  
mar k ets, this str ength is also r esponsible for attr acting 
investment funds to this countr y in a way that has helped 
fuel the curr ent economic r ecover y substantially. A 
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TABLE 9 

ec.parative C:O.ta of CRC Lathe 'l'Ool a u.s.  va . JaPIIft , 19S l 

llanufacturera '  Belling Pr ice 
Groaa .. rgin !I 
Manufacturing coat 

Purcbaaed .. ter ial 21 
Labor and burden 

Direct labor 21 
Dollar a 
(Hour a )  

Indirect and burden � 

United State& 
.a.ount Percent 

•uo , ooo 

ts , ooo 

7 2 , 000 100 

32 , t00 t5 

3 9 , 600 55 

9 , 900 u 
1 , 081 

29, 700 u 

.a.Dunt Percen t 

.92 , 2t0 

36 ,900 

55 , 3t0 100 

22, 680 u 
32, 660 59 

8 , 165 15 

1 , 38t 

2t , t95 tt 

!I Groaa .. rgin of tO percent ia aaau.ed for both u . s .  and JaPIIfte&e 
producera . 

21 Por the u. s . , purcbaaed .. teriala are t5 percent of unufacturing 
coat r for JaPIIft , the coat i s  30 percent leaa than the u . s .  
aaterial coa t .  

21 Por the u . s . , labor coat is eatiuted on the bu ia of a 1 to 3 

ratio between direc t labor and indirect labor and burden . Ial i t 
houra are der ived by dividing d irect labor coat by 1981 average 
hourly earning s of production worker a in aetal--cutting MCbine 
i ndustry (.9 . 16 ) . ( U . s .  Bureau of Labor S tatistic& )  

Por Japan , direct labor boU r a  per un i t  a r e  der ived by 
i ncreaaing u . s .  levela by 28 percent, in accordance with 1980 

esti .. tea by the Japan Productivity Center of caaparative level a 
in the industr ial .. chinery indautry . Tbe 1981 hOurly average 
for Japan ia •5 . 90 .  

g/ Indirect and burden are der ived as residuala. Tbe higher 
proportion for Japan (despite lower fr inge benefita ) reflects the 
h igher ratio of non-production workera to all eaployees in 
Japan ' s  aetalworking .. chinery industry (tO percent) caapare d  
w i th the u . s .  industry ratio (30 percent) , according to BL8 data . 

Source a U . S .  Bureau of Labor Statistics , Japan Productivity center r 
and ec-ittee calculations . 
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premature stifling o f  these flows could severely damag e 
the r ecovery ,  and the spillover effects of this would 
harm u.s. machine tool bui lder s .  

• Productivity .  Japanese productivity growth has 
been substantially above that of the United States . 
Dur ing 1973-19 8 1 ,  Japanese manufactur ing output per 
man-hour grew approximately 8 percent annually , compare d  
to a n  aver age annual decline in output per man-hour o f  
0 . 7  percent i n  the u.s. machine tool industry . Because 
J apan star ted from a lower output-per-man-hour base , 
Japanese overall productivity still lags that of th e 
United States . Productivity growth is an impor tant 
component in the competitiveness of the industry , however , 
as it has a direct l ink with the industry • s  levels of 
capital investment . As a general rule , those industr i a l  
sector s that enjoy more rapid productivity growth and are 
assoc iated with larger amounts of capital investment also 
enjoy greater pr ice s tability than the s lower-moving 
sector s .  

• Super ior mach ine tool manufactur ing fac i l i t ies in 
many cases ( i . e . , more modern , more highly automated , 
e tc . ) . 

Commerc ial and Government Pol ic ies Regard ing 
I ndustr ial Development . The Japanese approach to 
industr ial development has been an impor tant aspect o f  
Japan • s  postwar economic success , and has g iven r ise to 
the express ion •Japan , Inc . • Some of the key elements o f  
this system are :  

• close industry-government cooperation i n  plann ing 
industr ial development 

• less restr ict ive application of antitrust laws , 
with the effect of allowing vert ical integrat ion of large r 
companies , and hor izontal coord inat ion among actual and 
potential competitor s for R&D , product spec ial ization , 
and other purposes 

• financ ial practices that allow h igher debt-equ ity 
ratios than would be prudent in the Uni ted States and , 
thus , greater access to credit 

• government-encouraged financ ial suppor t 
• close cooperation by labor with i ts associated 

industrial company 

The effects of these pol ic ies and practices are 
difficult to assess . Observer s who are famil iar with 
both the Japanese and u.s .  bus iness environments asser t ,  
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however , that the Japanese • system• in the aggregate 
provides advantages the Un ited States s imply may not be 
able to match under this country ' s  present customs and 
labor-management-government relations . By contrast with 
the Japanese , u . s . companies operate under a less cohes ive 
system , character ized by more restr ictive ant itrust laws , 
frequently adverse industry-government and industry-labor 
relations , uncer tain national purpose , and less advan­
tageous financial condi tions . 33  

A f inal observation r egarding the effects of govern­
mental policies concerns the management of the macro­
economy i tself . The economic char acter ist ics of an 
industry such as machine tools are not completely 
i ndependent from the character istics of the overall 
economy . For a number of reasons , the slow growth of th e 
Amer ican economy in the last decade expressed i tself in a 
slugg ish demand for mach ine tools--as for capital good s 
generally . �he weak demand for mach ine tools has been a 
sign i ficant factor in the slow productivity growth in the 
mach ine tool industry i tself . Conver sely , in Japan , 
rapid growth in aggregate output has been accompan ied by 
h igher r ates of investment and more rapid productivity 
growth in machine tool production . Thus , to some extent , 
the per formance of each country ' s  mach ine tool sector has 
been cons istent with the differential growth rates of 
each economy . 

B ecause of the key role of foreign competition in 
determin ing the long-term survival of the u . s . machine 
tool industry,  the Committee has examined the mach ine 
tool pol icies in three countr ies : Japan , France , and 
west Germany . These are presented in Appendix B .  

NEW ENTRANTS AND NEW COMPETITIVE STRATEGIES 

The technolog ical advances and the global nature of 
machine tool competition ,  descr ibed above , have caused a 
number of changes in ( 1 )  the types of competitor s in the 
broadly def ined machine tool mar ket and ( 2 )  the com­
petit ive strateg ies that will be required by those 
sell ing in th is market . Together these changes raise 
impor tant issues affecting the longer term health of the 
Amer ican mach ine tool industry . This  sect ion looks a t  
those issues i n  terms o f  the DOD interest i n  maintain ing 
a healthy , across-the-board domestic mach ine tool 
product ive capabil ity .  It is based on the Committee ' s  
f ind ing that new competitive cond itions will require new 
qualities and s k i lls of u . s . -based bu ilders .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

U . S .  M a c h i n e  T o o l  I n d u s t r y  a n d  t h e  D e f e n s e  I n d u s t r i a l  B a s e
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 5 2 4

http://www.nap.edu/catalog.php?record_id=19524


33 

The major changes tak ing place in the compet itor s  and 
ca.petitive strateg ies , includ ing the issues that these 
changes raise ,  are threefold : 

( lt The developaent of computer-integrated aanufac­
tur ing has attracted large , u . s . -based , multinational 
f irms to the mar ket for products used in auto.ated 
manufactur ing that ar e anc i llary to machine tools . Thes e 
compan ies have not entered the business of aanufactu r ing 
machine tools themselves , and i t  is unlikely that they 
will do so in the near future . I f  they undertake to 
supply an FMS or automated factory cusbomer with machine 
tools , they will probably purchase the tools from a 
.achine tool manufacturer . However , as the .arkets for 
PMS and other factory automation systems develop, these 
new entrants will be formidable compet itors with machine 
tool producers for the • anc illary• products needed in 
factory automation--which in many systems will be o f  
g reater value than the machine tools themselves . Indeed , 
some of the new entrants have gained exper ience in 
automating the i r  own fac i l i t ies , and are well positioned 
to compete successfully in the new technology of factory 
autoaat ion . A few of them, alone , have greater f inanc ial 
resources than the entire tradit ional u . s .  machine tool 
industry combined . They also have had extensive exper i­
ence in international trade , including international joint 
ventures . Moreover , by their machine tool purchas ing 
dec i s ions , these compan ies may determine whether a sub ­
s tantial por tion of the .achine tools consumed in the 
United States is produced here or over seas . 

• Will the entry of these larger f irms change the 
•rules of the game , • mak ing it even more difficult for 
smaller , traditional ..chine tool f irms to compete? 

• Will they necessar ily turn to u . s . mach ine tool 
maker s to supply the bas ic metal-forming and metal­
cutt ing equipaent for thei r  technology? 

( 2 t Another set of entrants compr ises small 
entrepreneur ial firms ded icated to relatively narrow , 
h igh-technology product l ines related to mach ine tools . 
Many such f irms have already developed reputations for 
quali ty in software ,  customer suppor t ,  customer training ,  
and applicat ions eng ineer ing ( i . e . , the combination of 
services needed to suppor t computer- integrated and 
flexible manufactur ing systemst , as well as robotics . 
Exper iences in Japan and Germany suggest that tech-
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nolog ically innovative , small f irms can compete quit e  
effect ively with larger firms i f  g iven r easonable access 
to R&D funds and credi t .  

• Does the existence of such f irms offer s ign ificant 
potential for the u.s. machine tool industry to remain an 
inter nat ional leader in new manufactur ing technology? 

( 3 t The structure of the industry is chang ing , with 
the solidification and fur ther development of • strateg ic 
g roups •34 based on new categor ies of machine tool 
production ( e . g . , robot systems , integrated manufactur ing 
systems ) . Even traditional strateg ic groups ( e . g . , 
stand-alone machine tool bui lders )  are being required to 
adopt new strateg i es ,  such as locating facil ities abroad , 
in order to survive . 

• Will the new and the traditional strateg ic groups 
each conta in , and will they reta in , adequate domestic 
product ive capac ity to ensure a healthy , competitive 
industry capable of serving DOD ' s  needs? 

• To the extent that domestic mach ine tool makers 
themselves branch out into overseas product ion for 
consumpt ion in the u.s. mar ket , will th is help or impa i r  
u.s. defense read iness? 

In concluding that new competitive conditions will 
require new qualities and sk i lls from u.s. mach ine tool 
builder s ,  the Committee observes that developments in 
wor ld mach ine tool competition are being dr iven by two 
major forces : ( lt technology advances in factory 
automation and mater ials process ing , and ( 2 )  an incr eased 
need for customer suppor t ,  pr imar ily in the form of 
eng ineer ing services required from the suppl ier to matc h 
services supplied by fore ign suppliers and the increas ing 
sophisticat ion of mach ine tool products .  These two 
cr iter ia can be used to •map• the var ious s trateg ic 
groups in the machine tool industry today . Pigure 5 
contains such a map of the industry today , with major 
mach ine tool product categor ies placed accord ing to the i r 
r elat ive sophist ication of technology and degree of 
customer suppor t .  The two axes--technology , and 
soph istication of customer suppor t--help def ine both the 
strateg ies of the groups and the cr iter ia for survival i n  
each one . 

I n  the lower left corner of the map are stand-alone 
mach ine tool makers . In  contrast to the products of mor e 
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lntlgrlted Mechllnical and 
Information 
Technology 

technolog ically soph isticated firms ,  the products of this 

group require relatively less custoaer suppor t and 

information systems technology . Firms marketing these 
products , therefore , will compete mostly on the basis o f  
pr ice , del ivery time ,  and rel iability. Because th is is 

one group wher e Japanese manufacturer s have tended to 
compete heavily ,  compet itive conditions will probably 

r equire u.s. firms in this group to becoae competitive 
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wor ldwide like the Japanese , to reach small as well a s  
large customer s ,  and to develop economies of scale in 
produc tion . 

The manufacturers of integrated manufactur ing systems , 
the group in the middle of the map , face somewhat mor e 
d ifficult technolog ical as well as mar keting problems . 
Because thi s  is an area where the range of poss ible 
applications has not yet been fully developed , partic i­
pants in th is  group must d iver t substantial (relative to 
the stand-alone manufacturer s)  resources to R&D . F ield 
interviews for th is repor t revealed that many such 
producer s  must overcome user skept ic ism over the prospect 
of purchas ing a h ighly automated mach ine , and over the 
confusing array of options , the fear of down-time , the 
programm ing and ma intenance costs , the integrat ion of new 
mach ines with existing product ion control systems , and 
the compatibi lity of the new mach ines w ith futur e adapta­
t ions . This means that mar ket ing and after-sales 
servic ing will need to accommodate the first-t ime usee , 
all of wh ich requires greater efforts at customer support . 

The number of potential manufacturers th ins out qu ickly 
once one leaves the lower left corner of the map . 
Relatively few conventional mach ine tool compan ies hav e 
the range of necessary skills to compete successfully in  
the middle group , wh ich currently compr ises pr imar ily the 
large mach ine tool manufacturers who account for a s ize­
able por tion of u.s. machine tool product ion capac i ty . 
I t  may well be that th is group i s ,  as a practical matter , 
open only to larger f i rms that have the resources to 
offer more comprehens ive after-sales service and to gain 
better access to capi tal mar kets . 

Greater resources are requ ired to sell entire , 
automated plants . To the sk i lls requ ired by the 
producers of integrated manufactur ing systems , one must 
add major projec t  management and strong informat ion 
technology capabil ity .  Projects o f  th is k ind require the 
abil ity to weat�er long sell ing cycles , and also requir e 
s trong customer suppor t and planning abilities . Larger 
firms are likely to have an advantage here as well , bu t 
only when they are able to develop truly coordinated 
system� (consulting , .production , marketing ; etc . ) with i n  
their  companies . As yet , no u.s. f i rm has bu ilt and sold 
a complete , fully integrated batch manufactur ing plant . 
Such complex facilities , however , are be ing sold in other 
par ts of the wor ld , often by consortia of compan ies and 
in some cases by large . government-subsidized companies 
such as Renaul t .  
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A few n iche pos it ions rema in ,  such as in prec i s ion and 
v ery h igh speed mach ine tools . I n  these areas , a small , 
high quality maker can focus attention on special market 
needs . Such a f i rm may still better serve a specialized 
market than a large firm address ing broad segments of the 
i ndustry . On the other hand , many of the former specialty 
s lots will d isappear , undercut by the abi lity of new 
competitors to provide h igh per formance , multi-purpose 
systems at modest cos t . 

Table 10 compares the sk ills descr ibed above with the 
character istics of the traditional machine tool industry 
which was analyzed ear lier in th is chapter . While the 
compar ison necessar ily deals in generalities , the 
d irections they lead the observer are clear : each new 
strategic group r equires ski lls substantially different 
f rom, and more complex than , the ones wh ich were adequate 
for competing in the tradit ional machine tool bus iness . 

The ability of the broadly different domestic machine 
tool industry to respond to defense needs rests , in par t ,  
on the makeup of the industry at a par t icular t ime . One 
might reason , for example , that a rapid growth in the 
number of domestic robot manufacturers s ignals a healthy 
response of the u.s. industry eo developments in the 
market for robotics equ ipment and accessor ies . Failure 
of the industry to move into new product areas , on the 
o ther hand , could r easonably be interpreted as an 
indicat ion that u.s. f irms wer e having some difficulty 
adapting to new mar ket reali ties . 

Table 11 sets for th rough estimates , based on NMTBA 
m ember r esponses and information obtained from the 
Robotics Inst i tute of Amer ica , of the number of u.s . 
f irms in each strateg ic group . Although the f igures set 
forth in the table must be interpreted as • soft•  ( they 
are  based upon voluntary membersh ip responses and are not 
checked for consistency) , they do g ive some idea of the 
trend of machine tool manufactur ing : The number of manu­
facturer s that claim to be ventur ing into soph isticated 
machine tool technology is grow ing , cons istently with the 
growth of mar kets for new types of mach ine tools . 

Although the table can g ive some cause for hope that 
u.s. mach ine tool firms can per form adequately across th e 
r ange of necessary technology and customer suppor t ,  i t  
also raises some cause for concern . Many firms remain a t  
the lower left end o f  the map. These constitute the bulk 
(by number of compan ies but not by volume) of the 
traditional machine tool industry wh ich was analyzed at 
the beg inning of this  chapter . Such f irms represent a 
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TABLE 10 

S k il ls Requ ired in the Emerging Mach ine Tool Industry · 

Prof itability/ -lov-nt 
Finance llanufactudllf) Patterns 

7raditional u.s.  Maintain .ada- Manage aalea Manage eaplov-nt 
llacbine 'l'ool rately healthy fluctuat ions r fluctuat ions 
Coapany Uncludtta f inanc ial r a t ios •suffed119• 
unual llliCh inea while re .. inillf) 
and s ingle-station relat ively ... 11 
apac ial�rpoae aa • f ira 
aach inea) 

Maw, Stand-Alone Financ ial unage- Ach ieve greater Concentrate on 
Mach ine Tools •nt aut suppor t  caapet i t iveneaa produc t ion eco-

aore inveatMnt by atre88 ing n-i•• through 
R6D voluaa output labor aav i119a 

Integr ated Help uaen f i - Integrate d iverae More �lex 
Manufac tur ing nance avat- r par tar use coapen .. t ion 
Syat ... .. intain invest- a tand-alone tools ayatea 

aent dur ing effic ien tly 
downturn s .  

A ut-.tad Whole Long aelli119 undentand/Jiake/ Func t ional 
Plan ts or Cuat- cycle r:equ ir:ea buy/integrate car:eer: plann ing 
L inea substan t ial fi- d iver:ae par: ta wor:kplace a t abi-

nanc ial r:eaour:cea r  l i ty r:equired 
help cuat-.r: a  
with innovat ive 
f inance ,  eap . 
expor: t a  

potenttal r esource , but only if  they a r e  capable of 
adapting to new compet itive cond it ions . 

As the next chapter points out , DOD has . identi fied 
some bottlenecks in the surge production of cer tain 
weapons system& . The response of the domestic mach ine 
tool industry will influence whether these bott lenecks 
will  worsen or can be r esolved in the long run .  The nex t 
sect ion of this chapter examines the response of mach ine 
tool bu i lder s to new competitive cond i t ions , and examines 
some of the i ssues raised by th is r esponse . 

RESPONSE OF MACHINE TOOL BUILDERS TO THESE CHANGES 

The preced ing sections of this chapter have descr ibed 
changes tak ing place in mach ine tool manufacture , mar kets , 
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and industry structure , and have def ined the sk i lls and 
qualities that will be required for u.s. suppl ier s if 
they aia to meet new coapetitive conditions .  Bow the u.s. 
aach ine tool industry responds i s ,  of course , c r i t ically 
iapor tan t  to i ts survival and to the country ' s  national 
secur i ty interests . 

To gain some apprec iation of this response , the 
eo.aittee coapiled a list of recent econoaic and tech ­
nological trends shaping the aach ine tool industry .  
Us ing a questionnaire , i t  then asked MMTBA aeaber s t o  
coament o n  the extent and ways these trends were 
affecting their  individual firas and the industry as a 
whole . In all,  43  NMTBA member s r esponded to the 100 
quest ionnaires that wer e issued . The Comaittee also 
v is ited several mach ine tool builde r s ,  to interview their 
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TABLE 11 
E stimates of the Number of u.s. Mach ine Tool Firms 

in Spec ified Strateg ic Groups 

S trateg ic Group 1974 197 7  1982 1983 

Stand-alone 
machine tools 

Spec i ali zed niche 
223 253 N/A 285 

mach ine tools 
Robots 

56 
4 

71  
N/1t!/ 

N/A 75 
N/A 3 9  

Robot systems 
Integrated 

N/A N/A N/A 12 

manufactur ing 
systems and cells 

Automated factor ies 
N/A 

0 
N/A 
N/A 

29.2/ 3 7.21 
.21 .21 

£1 

Sources : NMTBA Director ies r Robotics Institute of Amer ica . 

�I According to the Robotics Institute of Amer ica , 
there were 4 u.s. robot manufacturer s in 1974, and 
less than 10 manufacturers through 1977. 
Approx imately 65 NMTBA members repor ted for the 
1983 Directory that they manufactured computer 
controlled machinery or computer controls , up from 
4 5 in 1982. 
At least one u.s. machine tool f irm i s  
construc ting � n  automated factory . A t  leas t 2 
other s manufacture the range of products required 
for such construction . 

execut ives at greater length about trends affecting their 
companies . Eleven such site visits were made . 

The Committee found that a var iety of actions charac­
ter ize the industry response to new competit ive 
conditions . These are descr ibed below ( see •coping With 
Change--Speci f ic Steps• ) .  
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Econaaic Pressures 

By and large, the 43  aachine tool builders responding to 
the survey considered the economic trends to carry .ar e 
serious consequences than the technolog ical ones . Con­
cerns about present economic health--and in many cases 
survival--appeared to overshadow concerns about the role 
of technological leadership in reaaining �titive. 

In view of the evident vigor and resolution with which 
Japanese aacbine tool builders are applying the latest 
technology, this attitude--while understandable--was 
worrisome to Colalittee members . It suggested that extra­
ordinary efforts •igbt be required a.ang Aaerican .acbine 
tool builders in order to maintain their reputation for 
technolog ical excellence. 

I ncreasing competition, including price competition, 
from foreign manufacturers in both foreign and domestic 
markets was ranked by all 43 machine tool builders as 
being of highest importance to the industry .  Two 
r espondents, however, said that foreign competition bad 
little impact on their own firms . This seeming anoaaly 
was explained by the Japanese • targeting• of such 
products as machining centers, to the exclusion of 
othersr producers of some specialized aacbines have found 
successful niches. 

The high cost of capital over a prolonged period bas 
been a double-edged problem for the industry . The nUIIber 
of machine tool orders bas dropped, as potential customers 
are unable to finance major purcbasesr and the borrowing 
power of tbe machine tool firms themselves bas dropped 
recently with decreased sales and profits . 

As aachine tool orders pick up during the current 
recovery, there is considerable apprehension among u . s . 
builders that their position will be further weakened by 
the inventory of Japanese tools presently stored in u . s . 
warehouses. According to the petition filed by the HM!BA ,  
Japanese inventories of NC lathes and machining center s 
in this country stand at the equivalent of 1-1/2 years 
production for NC lathes and 9 months production for 
machining centers.3 5 This description about Japanese 
aacbine tool inventories in the u . s .  bas been disputed in 
a response to the petition. 36 
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Coping With Change--Speci f ic Steps 

The s ite visits and questionnaire responses revealed that 
u.s. bu i lder s are using a var iety of approaches and 
s trateg ies to become more competi t ive . Some of these 
actions , however , raise quest ions about thei r  longer-ter m 
effects on the nat ional secur i ty .  In two categor ies , 
merger s and joint ventures , the Commi ttee cons ider s th e 
i ssues ser ious enough to war rant fur ther investigation .  

The following descr iption o f  competi t ive steps being 
taken by r espondent f irms--wh ile not exhaustive--g ives 
some indication of the • shakeout• tak ing place in the 
u .s. mach ine tool industry today. As in all shakeouts , 
ther e will be survivors and those that do not survive . 
Those survivor s that continue to manufacture and sell 
mach ine tools profi tably will necessar ily be more forward­
look ing f i rms ,  committed to seek ing global sources and 
mar ket s .  

Conventional Cost-cutting .  These s teps include 
layoffs and fur loughs , d ividend cancellations , un ion 
contract r enegot iation ,  and l iquidation of fac i l ities in 
high-cost locat ions in order to move manufac tur ing 
operat ions to lower-cost areas in the u.s. or abroad . 
The NMTBA , for example , has identif ied approximately 4 0  
u.s. mach ine toOl f irms with manufactur ing fac i l ities 
outside the Un ited States . Most of these fac i l ities have 
been used to penetrate fore ign mar kets , especially in 
Europe . However , at least one industry analyst c i tes a s  
a • trend• the move toward u.s. f irms • involvement in 
overseas production of machine tools for u.s. consump­
t ion . 3 7  Th is subject is covered in further detail 
under •Joint Ventures , •  below. 

Reor ientation of Business Strategy. At leas t one 
large machine tool firm has pledged to •out-Japanese the 
Japanese . •  I t  has instituted Japanese methods in inven­
tory management ,  quality control , market ing strateg ies , 
and customer service , as well as an emphas is on quality 
and the adoption of PMS technology for i ts own production . 

Some tradit ional u.s. machine tool companies are 
d iver s i fying into the product ion of plast ics forming 
machines , robots , microcomputer components , software 
turnkey services , and mater ials handling systems . 

Some new f irms have attempted to identify markets 
( e . g . , cer ta in types of controllerst  where both Japanes e  
and u.s. compet ition seems weak . I n  one successful case 
of •n iche-playing •  the firm involved has been able to 
mainta in r elatively even growth , in spite of sales 
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fluctuations in the machine tool markets as a whole . 
( For more informat ion on n iche-playing , see •sew Entrants 

and New Competit ive Strateg ies , •  above . )  
Effor ts to Gain New Technological !xpertise . These 

include budgeting add itional �D sums for discover ing new 
technology ( see , however , the discuss ion of R&D spending 
in this  chapter ) ,  pursuing some contracts on a •break­
even• bas is  in order to gain exper ience in useful tech­
nology , and mak ing minor ity investments in f irms that 
h ave expertise in relevant technolog ies . 

Merger s and AcqUisitions . These have been common fo r 
some time as a s trategy to r ema in caapet itive . Recent 
examples include the Cross Company • s  merger with Kearney 
and Trecker , the acquisition of Unimation (a  maker of 
robots but not of trad itional mach ine tools) by Westing ­
bouse ( a  maker of industr ial controls and a seller of 
factory automation services but not a manufacturer of 
traditional machine tools) , the growth of Newcor and Laab 
Tecbnicon through acqu isitions , the acqu isition of Snyder 
by Giddings and Lewis , and the subsequent acquisit ion of 
Giddings and Lewis by AMCA International . In  the case of 
the Cross/Kearney and Trecker merger , the u . s .  Department 
of Justice d i luted the poss ible competitive benef its by 
r equ i r ing that the merged company d ivest itself of certain 
product l ine s .  

Merger s and acqu isitions bold out the possibility for 
economies of scale and the ability to attrac t  suffic ien t 
funding for necessary capital improvements . I f  managed 
proper ly ,  a mach ine tool f irm involved in a merger or 
acqu i s i t ion could enjoy the benefits of a stronger capital 
structure , better access to �D funds , and poss ibly an 
i nternational sales and administrative structure.  All of 
these are essential for competing successfully in a 
modern ,  g lobal machine tool mar ket . The Committee has 
two concerns regarding such developments , however , 
r egarding the ability of the merged or acquired aach ine 
tool firm to compete . ( 1 )  The joining of a domestic 
mach ine tool f i rm with a larger non-mach ine tool entity 
could result in severe cost cutting , the use of the 
acqu ired firm • s  l iqu id i ty to finance other initiatives 
within the parent corporation , and the impos i t ion of a 
large corporate bureaucracy , all these are common effects 
of mergers and acqu isitions today . ( 2 )  The joining of a 
domestic mach ine tool f irm with a fore ign f irm that 
intended to use its u . s .  base ch iefly as a sales outle t 
could strengthen the domestic f i rm • s  shor t-term f inanc ial 
structure at the expense of an ability to des ign and 
manufacture its own products . 
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I f  these effects became character istic of merger s and 
acquisitions within the machine tool industry generally , 
the merger/acquisition .cvement--instead of enabling 
individual machine tool f iras to maintain their  com­
petitiveness--would br ing few improvements to the 
domestic industry . The Committee believes that th i s  
poss ibly harmful aspect o f  merger s and acquisitions on 
u . s .  mach ine tool manufactur ing capabil ity is an important 
i ssue wor thy of additional study. 

Joint Ventures . Many firms are finding that the mos t 
e fficient route to gain ing access to addi tional sk ills 
and product l ines is  to pursue joint ventures , espec iall y  
with foreign partner s .  Joint ventures are common among 
companies trying to reposi tion themselves strateg ically . 
Examples inc lude Bendix�urata , Acme Cleveland­
Mitsubishi , Westinghouse-Mitsutoki ,  General Motor s-Panuc , 
and Rockwell International-I kegai I ron WOrks . Clear ly ,  
many major players a r e  involved . 

Most of these joint ventures have offered the potential 
for low-cost ,  rel iable overseas manufactur ing for the 
u . s .  par tner , and an enhanced market ing network in this 
country for the foreign one . They represent the trend 
toward g lobal sources tak ing place in the industry. They 
raise some questions , however , as to the effect that such 
actions could have on the long-run competitiveness of 
mach ine tool manufactur ing fac i lities located in the 
United S tates . When Bendix acquired warner and Swasey , 
for example , one of its f irst actions was to transfe r 
near ly all of its mach ine tool production to the Murata 
joint ventur e in Japan . Subsequently , Acme-Cleveland has 
announced that its state-of-the-art  NC chucker , jointly 
developed with Mitsub ishi Heavy Industr ies , Ltd . , will be 
p roduced in Japan , 3 8  and Cross and Trecker has said 
that it is  not committed to the production of any 
percentage of i ts machine tools domest ically . 39 

Concern was expressed by the Committee that i f  the 
practice of over seas procurement or production by u . s . 
companies of machine tools for sale i n  the United States 
were to become widespread , there would be the long-term 
danger that u . s  companies would end up more as distr ibu­
tion channels for foreign-built mach ine tools than as 
manufacturers in this country . 
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Requests for Pederal Ass istanc e 

Two recent pet itions by machine tool builder s to the 

federal government for relief from the coapetition of 
foreign aachine tools represent another k ind of response 

to the economic trends that have been descr ibed .  It i s  
not within the Committee ' s  char ter to pass judqaent on 
these petitions . However , because they are relevant , we 
note them below. 

The f ir st petition was subaitted on May 3 ,  198 2 ,  by 
Houdaille Industr ies , Inc. , to the Office of the u . s .  
Trade Representative , ask ing for the President to exerc ise 
h is author i ty40 to deny the benefi ts of invest.ent tax 

credits when producer s have an unfair pr ice advantage a s  

the r esult o f  a car tel . Attorneys for Houdaille Indus­
tr ies conducted extens ive research to document practices 

i n  Japan that could be construed as contr ibuting to a 

mach ine tool cartel . Some of thei r  evidence is incor ­
porated in the Japan section of Appendix B. The petition 

was denied in Apr il  198 3 .  
A second petition i s  pending as of th is wr iting .  The 

National Mach ine Tool Bui lders • Association has subaitted 
a pet it ion to the u . s .  Department of Coallerce under the 

National Secur ity Clause , Section 232  of the Trade 
Expansion Act of 1962 ( 19 u . s . c .  Sect ion 1862t . This 

petit ion requests a f ive-year per iod dur ing which i.por t s 

of both metal-cutting and metal-forming tools would be 
limited to 17 . 5  percent of the value of total da.estic 

consumption . The argument for th is action is that • the 

national secur ity of the United States is be ing impaired 
by cur rent levels of impor ts of machine tools because 

such i.por ts threaten to debilitate the domestic machine 
tool industry , wh ich is critical to the United States • 
defense and deterrence posture. • 41 

CONCLUSIONS 

This chapter has descr ibed a chang ing mach ine tool marke t 
which , in the course of five to seven year s ,  has become 

s igni f icantly mor e competitive and complex . 

• Advances in microelectronics , robotics , systems 

eng ineer ing , computer sc ience , and substitute mater ials 

have altered the character of manufacturing and changed 
the natur e  of the machine tool industry , mak ing mach ine 

tool construct ion ( as def ined in this reportt one of the 
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wor ld ' s  "high tech " industr ies . Fur ther advances in th e 
commerciali zation and military application of synthetic 
mater ials that substitute for metal will also affect 
manufactur ing technology and , ultimately , the s ize of the 
market for conventional machine tools . 

• I nternational competition ,  espec ially from the 
Japanese , has brought intense pressures on u . s .  firms to 
meet new standards of innovation , reliability ,  pr ice , and 
customer servic e .  

• New entrants to the market for automated manufac­
tur ing have brought new ( to the traditional mach ine tool 
i ndustry) specialties such as computers and software for 
des ign and integrat ion r electronic controls , machines for 
assembl ing , test ing , plating , and heat-treating com­
ponents , robots , and sophisticated eng ineer ing services . 
These f irms have combined resources that could expand the 
f inanc ial power of the manufactur ing process industry by 
several t imes the present s ize of the mach ine tool 
industry as traditionally defined . In addit ion , con­
g lomerates such as Allied-Bendi x ,  Litton , Textron , White 
Consolidated , and AMCA International have substantial 
mach ine tool subs idiar ies . The act ions they take to 
rationalize their  machine tool operations may accelerat e 
the already rapid change in the industry , prov iding they 
invest in strengthening their  machine tool elements . The 
f inanc ial power of · these new f i rms , and the ir " high-tech" 
or ientation ,  may require smaller f irms to merge in order 
to become large enough to make the investments now 
requ ired to remain competitive in a technolog ically 
advanced industry . 

• New strateg ic groups in the industry have 
relegated many traditional machine tool producers to th e 
" lower left• spectrum of an industry map that ranks 
strateg ic groups according to the degree of technolog ica l 
soph istication and customer suppor t requ i r ed .  The 
traditional machine tool f irms produce in an env ironmen t 
i n  which the ir products are more l i ke commodi t ies than 
products of greater technolog ical sophisticat ion 
r equ ir ing extens ive computer and other eng ineer ing 
services . In this traditional market sector , which i s  
now actually par t of a larger machine tool market , this 
strategic group will have to adj ust i ts capabilities to 
meet intens i fied competition on the bas is of pr ice , 
delivery time , and rel iability :  factor s where such u . s . 
f irms have shown comparative weakness in recent years .  

• The globalization of machine tool manufacture and 
markets has forced u . s .  mach ine tool builders themselves 
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to take a global view of sources and markets , including 
the location of manufactur ing facilities overseas . 

These new real ities require skills and character istic s 
s ubstantially at odds with the descr iption of the 
tradit ional machine tool industry on pages 8 to 18 o f  
this repor t .  

Thus , the s igns o f  a far-reaching • shakeout• in the 
machine tool industry are unmistakable . While some 
domestic machine tool builders will be unable to respond 
to increased competitive pressures from abroad and from 
a lternat ive technolog ies , there are a number of forward­
look ing firms--among them tradit ional machine tool 
builder s as well as new entr ants to the mar ket for 
products and services anc illary to the use of machine 
tools in automated manufactur ing applications--that have 
recogn ized and reacted to the trends that are forc ing 
changes . Those domestic f irms that have had the 
fores ight to move toward automated systems development , 
process ing of non-metals , advanced machining and forming 
techniques , and a global view of -markets (or , in some 
cases , successful niche-playing )  will survive despite a 
cont inu ing , substantial challenge from foreign producers .  
These f irms will continue to be able to respond to the 
needs of the Department of Defense . 

For some domestic mach ine tool bu ilders , however , the 
economic trends--high cyclical demand followed by the 
e spec ially sharp downturn of the recent recess ion--have 
had two consequences that may well be fatal . First , the 
e ffects of economic cycles have d istracted some machine 
tool bu ilder s from the fundamental technolog ical changes 
that are proving to have a lasting impact on the types of 
products and services demanded , and on their own manu­
factur ing methods . Fa ilure to respond to those changes 
has left a number of firms with product l ines which , 
because they incorporate less soph isticated technology or 
because they employ traditional manufactur ing methods , 
must now compete f iercely on the bas is of pr ice , delivery 
time , and reliability ,  which they have proven ill-prepared 
to do in the past .  Second , new competitor s from abroad 
have made inroads into the machine tool market that ar e 
unprecedented despite the h istory of cyclical mach ine 
tool demand . 

Wh ile the evidence of a structurally more dynamic 
industry is welcome , two trends raise questions about th e 
benefits , from a nat ional secur ity standpoint, of changes 
that are taking plac e :  
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( 1 )  Sound business decis ion making today may dic tat e 
that a corporat ion shift i ts machine tool production to a 
foreign venture par tner , seek foreign machinery to com­

plement i ts own per ipheral devices such as controllers , 
or relocate its own manufactur ing facilities overseas . 
The danger exists that as bus iness comes closer to 
realiz ing true economies of production on a wor ldwid e 
scale , the United States could lose some productive 
capac ity which is valuable to the nat ional secur ity . 

( 2 )  Among the responses o f  traditional mach ine tool 
bu ilder s to increased competition has been a request for 
l imited , temporary protection from impor ts .  The danger 
exists that effor ts to provide immediate help for domesti c  
machine tool builder s  will , without vigorous and success­
ful effor ts by the industry to improve its own produc­
t ivity and technolog ical pos ition ,  actually weaken that 
industry ' s  ability to provide the leading-edge technology 
and to compete successfully on a global bas i s .  

To deal with such issues requ ires a n  understanding o f 
how the Depar tment of Defense , pr ime defense contractors , 
and the machine tool industry interact . The next chapte r 
examines these subj ects . 
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20 . See , e . g . , NMBTA ,  •Meeting the Japanese Challenge , •  
p.  13 . 

2 1 .  C inc innati Milacron , Annual Repor t ,  1982 . 

2 2 .  Testimony of w. Paul COoper , Cha irman , 
Acme-cleveland Corporation , before the International 
Trade Commiss ion on June 28 , 1983 , p. 3 .  

2 3 .  NMTBA ,  •Meeting the Japanese Challenge , •  p .  14 . 

24 . See notes 9 ,  10 , 11 of Chapter 3 of this  repor t . 

2 5 .  NMTBA ,  •Meeting the Japanese Challenge , •  p . 14 . 

26 . Joint Log istics Command , Heavy Press Study , Novembe r 
23 , 1982 .  

Douglas Aircraft repor ts that i n  the next 15 

year s there will be no major appl ication for 
compos ites in large airframe structures due to 
the many exist ing technological problems . 
This pos ition was also suppor ted by 
Rockwell-Internat ional . Although they ar e 
u s ing compos ites ( up to 700 pounds of par ts) 
per �-1 aircraft , they are not among the 
• large bones• of the structure . Boeing feels 
that as the technology develops , an increasing 
percentage of a ircraft will be made up of 
compos ites • • • •  Many of the current 
generation of compos ites ( i . e . , those 
containing graphite )  are unacceptable in Nava l 
sur face ship combat environment since debr is 
from compos ite damage could affect EMI/EMC . 

2 7 .  C inc innati Mi lacron , Annual Repor t , 1981 .  

28 . NMTBA ,  Directory 1983 , pp. 33-94 . 

2 9 .  Ibid . , p .  2 1 .  

3 0 .  Testimony o f  Eli Lustgar ten , Vice Pres ident , 
Pa ine Webber , Mitchell Hutchins , before Economi c  
S tabil ization Subcommi ttee o f  House Committee on 
Bank ing , Finance and Urban Affairs , July 26 , 
1983 , p .  1 .  
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3 1 .  NMTBA ,  Econaaic Handbook ,  p .  16 7 .  

3 2 .  NM'l'BA ,  •Meeting the Japanese Challenge , •  p . 2 7 . 

3� . Por a good h istor ical review of the Japanes e  
• system, • see u . s .  Congress Off ice o f  Technology 
Assessment ,  u . s .  Industr ial Compet i t iveness : a 
Compar ison of Steel , Electron ics , and 
Automobiles (Wash ington , 1981)  pp . 190-193 . 

3 4 .  Strateg ic groups are groups �f manufacturer s 
wh ich , for reasons relating to the s imilar ity of 
product or mar ket , follow s imilar business 
strategies . The concept of strateg ic groups 
comes from Michael Porter r see , e . g . , Por ter , 
Competitive Strategy (New Yor k , The Pree Press , 
1980 ) . 

3 5 .  •Pet ition , •  pp. 153-154 . 

36 . Japan Machine Tool Bu ilder s '  Assoc iation 
response to NMTBA Petit ion , • Investigation of 
Imports of Metal-cutt ing and Metal-Forming 
Mach ine Tools under Section 232 of the Trade 
Expansion Act of 1962 , "  pp .  136-142 .  

3 7 . Lustgar ten , op. c i t . , p .  19 . 

38 . Cooper , op .  c it . , p .  10 . 

3 9 .  Testi mony o f  Richard T .  Lindgren , Pres ident and 
Chief Executive Officer , Cross & Trecker 
Corporation , before the International Trade 
Commiss ion , June 28 , 1983 , at p .  8 .  

4 0 .  Section 103 of the Revenue Act of 1971 ,  26  
o . s . c .  Sect ion 48 ( a ) ( 7 ) (D) . 

4 1 . •Pet ition , •  p .  6 . 
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3 THB DEPAR'l'MBNT OP DEPENSE 1 PRIME CON'l'RACTORS 1 

AND THE MACRINB TOOL INDUSTRY : 
RELATIONSHIPS THAT APrECT INDUSTRY STRUCTURE 

This chapter examines relationsh ips among the Depar tment 

of Defense , the domestic mach ine tool industry , and those 
pr ime defense contr actors that are the major user s of 
mach ine tools . These relationships include not only suc h 
d i r ect mechanisms as contract ing procedures ,  but also the 
attitudes and percept ions that affect the abi l ity of one 
par ty to wor k with another . The Commi t tee has found that 
such att itudes and percept ions ult imately affect industry 
s tructure. 

The c ircumstances in wh ich conventional machine tool 
manufacturer s now find themselves , descr ibed in the 
previous chapter ,  are obviously only partly attr ibutable 
to character istics of the defense mar ket . Therefore , the 
mach ine tool fi rms cannot be changed in any major way by 
DOD act ions alone . Indeed , the major forces for chang ing 
the industry are not defense-or iented . Nevertheless , the 
Commi ttee bel ieves that the Defense Depar tment ' s  direct 
and indirect influence on the industry can be substantial . 

Although DOD d irect purchases of mach ine tools ar e 
small compared with total domest ic mach ine tool produc­
t ion ,  DOD ' s  influence on industry behavior mani fests 
i tself indirectly , through the requirements placed on 
pr ime contr actors .  In fact , the pr ime contractor role i n  
the DOD-contractor-supplier tr iangle has soaetimes been 
l ikened to a buffer between the small supplier on the on e 
hand and the government (with i ts burdensome contracting 
procedures t on the other . As discussed below , the 
defense sector remains a signi f icant market for the 
products and services of mach ine tool bu ilders . 

The following pages analyze the s ize of the DOD and 
defense pr ime contractor mar ket for mach ine tools and 
focus on two distinct Defense Depar tment roles in that 
mar ket : DOD procurement , and DOD suppor t of technology 
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development and applicat ion .  The chapter then consider s 

the pr ime contractor s '  v iew of the machine tool industry , 
followed by a review of leg islation affect ing domestic 
mach ine tool purchases . 

S IZE OP DOD AND CONTRACTOR MARKETS 

The Depar tment of Defense is by i tself a rather smal l 
purchaser of mach ine tools , accounting for afProximately 
3 . 5  to 4 percent of domestic orders in 1978 , compared 
to the automotive industry ' s  2 8-30 percent and the 
c ivil ian aerospace industry ' s  10-12 percent . An earlie r 
( 19 7 2 )  estimate of the propor tion of machine tool sales 
accounted for by defense contracts in total is 7 . 1  
percent , indicating that purchases by pr ivate defense 
contractor s were roughly equal to those made directly by 
DOD . 

More r ecent estimates der ived from an input-output 
analys is by the Commerce Depar tment ' s  Bureau of 
I ndustr ial Economics (DIE) confirm this general level of 
DOD involvement . 2 The DIE concluded that in 1982 
purchases by the Defense Depar tment and its contractor s  
together accounted for 6 . 2  percent of domestic metal­
cutting mach ine tool production and 4 . 8  percent of 
metal-forming machine tool product ion . Assuming adopt ion 
of the Administration ' s  5-year defense plan and real iza­
t ion of the Counc i l  of Economic Adv iser s '  proj ec"tions for 
economic growth , the DIE estimates that the comparable 
f igures in 1987 will be 7 . 5  percent and 6 . 3  percent , 
respect ively . 

A s imilar analys is conducted by Data Resources , Inc .  
(DRI� , for the Nat ional Mach ine Tool Bui lder s ' Associ a­
t ion shows a much h igher propor tion of mach ine tool 
consumption when al l indirect DOD suppl ier links ( i . e . , 
through pr ime contractor intermediar ies) are cons idered . 
In Table 12 , DOD •direct• purchases include tools for 
government arsenals , shipyards , and other defense 
installations . DOD • ind irect • purchases include those by 
pr ivate par ties on current account for delivery to 
defense agenc ies . Finally ,  • induced capital • purchase s  
consist of those by defense contractors ,  subcontractor s ,  
and suppliers for use i n  the production o f  all military 
weapons and equipment .  DRI concludes that •by conserva­
tive estimate , up to 20 percent of the aggregate domestic 
consumpt ion of machine tools is  related to defense needs 
even in peacet ime . •  
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i1 
6; 

Annual .... 
N 

B l l l lona of 1972 Dollar s Growth Rate 

1977 1978 1979 1980 198 1 198 2  1977 - 198 2  

Agg regate Coneu.ption of Mach ine Toole 2 . 196 2 . 7 1 7  3 . 26 5  3 . 358 3 . 36 2  2 . 8 19 5 . 122 I 
Aggregate Coneu.pt ion of Metel<utt ing Toole 1 . 6 30 2 . 08 4  2 . 530 2 . 7 16 2 . 8 27 2 . 354 7 . 6 2 5  • 

,. 
Agg regate Coneu.p t ion of Metal-POraing Toole 0 . 566 0 . 6 33 0 . 7 3 5  0 . 6 4 3  0 . 534 0 . 46 5  -3. 842 .... 

n 

Aggregate Defense-Re lated Coneu.ption of Mach ine Tool e  0 . 2 2 3  0 . 2 5 5  0 . 3 2 5  0 . 36 4  0 . 57 1  0 . 564 20 . 40 1  n 
D i r ec t  o . o 8o 0 . 0 8 3  0 . 088 0 . 093 0 . 26 5 0 . 280 28 . 47 2  g 
Ind irec t  0 .027 0 . 0 2 8  0 . 0 36 0 . 037 0 . 0 5 1  0 . 04 6  10 . 77 5  Ill 
I nduced Cap i tal 0 . 116 0 . 144 0 . 20 2  0 . 234 0 . 254 0 . 239 15 . 59 2  � 

,. "' 
Defen .. -Related Coneuaption of Me tal< u t t ing Toole 0 . 177 0 . 20 5 0 . 26 2  0 . 30 2  0 . 489 0 . 4 8 6  2 2 . 46 8  .... .. 0 

Direct 0 . 066 0 . 068 0 . 0 7 2  0 . 077 0 . 2 3 1  0 . 24 2  2 9 . 739 :;, 
Ind irec t  0 . 0 20 0 . 0 2 1  0 . 0 2 7  0 . 0 29 0 . 0 4 2  0 . 038 14 . 0 1 1  0 
Induced Cap i tal 0 . 09 1  0 . 116 0 . 163 0 . 196 0 . 217 0 . 206 17 . 7 89 1'11 

Defen .. -Related Coneu.pt ion of Metal-Poraing Toole 0 . 046 0 . 050 0 . 06 3  0 . 06 2  0 . 0 8 1  0 . 07 8  10 . 88 1  � D i r ec t  0 . 0 14 0 . 0 15 0 . 0 1 5  0 . 0 16 0 . 0 3 5  0 . 0 38 2 1 . 7 54 

Indirec t  0 . 00 8  o . oo 8  0 . 009 o . oo 8  o . oo8 o . oo 8  -0 . 0 3 3  
::r 
.... 

I nduced C ap i tal 0 . 0 2 5  0 . 0 2 8  0 . 0 38 0 . 0 38 0 . 0 38 0 . 0 33 5 . 6 51 :;, 
ID 

8 
.... 
Ill 

Source a Data Raaourcee , I nc . , DBIMS and DIPS aodele ( 19 8 3 1 . 
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The DRI table also indicates that the defense share o f  

the domestic market has grown a s  commercial sales have 
declined and remained depressed , even as the economy 
emerges from the recess ion . This increase may be 
attr ibuted to both production increases entailed in th e 
defense build-up and efforts to modernize DOD production 
fac i l i t ies , including munitions arsenals and sh ipyards . 

An impor tant caveat is that none of the estimates 
takes into account the broader range of manufactur ing 
equipment and systems , including related software ,  that 
should be cons idered along with the traditional categor ies 
of metal-cutting and metal-forming machine tools in 
assess ing either DOD needs or the competi tive status o f  
the domestic industry . I t  i s  reasonable to conclude , 
however , that the defense sector remains an impor tan t 
mar ket for these products and services and as such 
represents a far from neglig ible influence on the 
development of the domestic machine tool industry broadly 
def ined . 

DOD PROCUREMERT : 
INCENTIVES AND DISINCENTIVE S 

Depar tment of Defense procurement beg ins with the 
preparation of a statement of requirements , usually two 
to three years in advance of fund ing and perhaps as long 
as four to five year s before the equipment is installed 
and operating . The military services are required to 
search their own inventor ies before dec iding to purchas e 
new equ ipment .  On the whole , these inventor ies contain 

older , less productive equipment . Therefore , any procur e­
ment requirement for state-of-the-ar t machine tools , 
whether these tools are intended to be used alone or a s  
par t o f  a flexible manufactur ing system, CAD/CAM system , 
or other automated system , almost invar iably leads to new 
purchases . Th is is true , for example , of the cur rent 
arsenal and sh ipyard modernization programs , which provid e 
for equ ipment purchases as h igh as $200 mill ion per 
fac ility over a per iod of 5 to 10 years . Although thes e 
procurements are large compared to past year s ,  they 
commonly entail the purchase of only one or a few 
ident ical mach ines at a t ime . 

Unl ike the Army and Navy , the Air Force has a centr a l  
p rocurement uni t ,  which fac ilitates somewhat higher 
volume purchases . The Air Force procurement off ice i s  
s aid to have a tendency to •massage• user requirements to 
produce conformity among users ' spec i f icat ions . 
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Despite the Defense Depar tment ' s  interest in promot ing 
production efficiency and the use of state-of-the-ar t  
technology , the Committee found that a number of leg isla­
t ive and procedural r equirements act as disincentives to 
new technology development and appl ication by DOD pr ime 
contractors .  For example ,  the system of annual congres­
sional appropr iat ions creates uncer ta inty about the 
future defense products market , and heightens the 
f inanc ial r isk assoc iated with any large investment i n  
n ew ,  DOD-or iented manufactur ing process technologies . 
Fur ther , there is l i ttle contractor incentive to lower 
costs through new more effic ient machine tools when 
contracts are negotiated on a •cost plus • or othe r 
s imilar bas is ( i . e . , where prof its are based pr imar ily on 
costs ) . 

MANUFACTURING TECHNOLOGY PROGRAMS 

The Department of Defense and the three services have a 

number of programs des igned to promote progress in 
manufactur ing technology . The services ' Manufactur ing 
Technology (ManTech) programs concentrate on the 
validat ion and application of new process technologies . 
The Navy ' s  and Air Force ' s  Technology Modernization 
(TechMod ) and the Army ' s Industr ial Productivity 
I mprovement ( IPI ) programs stress cooperative efforts 
among defense contractor s and their  suppliers , encourag e 
i ncentive agreements not necessar ily t ied to spec i f ic 
weapons programs , and aim to highlight counterproductiv e  
aspects o f  DOD ' s  procurement process . 

The DOD has recently star ted implement ing policies to 
br ing TechMod and IPI under one name , I ndustr ial 
Modern ization I ncentives Program ( IMIP) . As a new 
program des ignation , IMIP is as yet unfunded . The DOD 
budgets for the ManTech , TechMod , and IPI programs appea r 
i n  Table 1 3 .  

A lthough separately and var iously administered by the 
'
services , the three ManTech and TechMod ( IPI ) programs 
have several common features . 

ManTech Programs 

The Manufactur ing Technology program ,  dating from the 
early 1950s , is des igned to promote the development and 
appl ication in defense product ion of new manufactur ing 
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TABLE 1 3  
D OD  Manufactur ing Technology Progr .. Budgets 

($  million) 

Request 
n 82 n 83 n8 4  

ManTech 
(Manufactur ing 

Methods ' 
Technology) 93 $50!/ 10 1 

Industr ial 

Productivity 
Improvement 

A ir Force ManTech 6 1 . 8 66.4 

TechMod 3 4 . 0 38 . 0  

N avy  Man Tech 3 7 . 3  49 . 8 

TechMod ( included 
in ManTec h 
funding )  6 . 0  6 . 0  

!I A House Appropr iations subcommi ttee first rejected 
the Army ' s  PY 198 3  request for ManTech , then added $ 5 0  
m illion--but under R•D rather than procurement programs . 

processes previously validated in the laboratory but not 

yet reduced to economically sound practice . The program 
concentrates on s i tuations where industry is unable or 
unwill ing to commi t  pr ivate resources , at least on a 
t imely basis , to make technologies available for use i n  
meeting DOD requ irements . 

S uppor ted in most cases by procurement funds , ManTech 
f inances l ittle research and development and generally 
the purchase only of prototype equipment . It a ims to 
define par ticular technologies to the point at which they 
are repeatable and reliable , with the expectation that 
weapons systems manufacturers will then purchase and use 
them in volume . ManTech projects are non-propr ietary r 
d i ffus ion is , in fact , encouraged by requirements tha t 
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the contractor make a d isclosure of technical f ind ing s 
and implementation results as well as l icense the 
processes developed on a non-exclus ive basis . 

ManTech projects may be awarded to any quali f ied per­
former 1 equipment vendor s are informed of DOD plans and 
encouraged to bid . I n  pr actice , however , all three 
military services· have awarded the overwhelming maj or i t y  
of external ManTech projects t o  pr ime defense contractor s 
and independent laborator ies . Approximately 40  percen t  
of  the Army ' s  ManTech budget i s  spent in-house . Very few 
awards have been made d irectly to mach ine tool compan ies . 

ManTech funds have grav i tated to pr ime contractors for 
the following reason s :  

• Increasingly , DOD policy has placed a premium on 
the implementation of validated technolog ies . Evaluation s 
showing h igher technolog ical than implementation success 
rates have re inforced this policy , as have pressures from 
Congress and elsewhere . Not only is i t  the convict ion of 
respons ible DOD off icials that technology •pull • effort s  
a r e  more effective than technology •push• effor ts , but i t 
is also the preva il ing opinion within DOD that pr ime 
contr actor s are generally disinclined to adopt novel 
product ion equipment with which they are not very 
f amil iar . I n  these c ircumstances ,  reliance on pr ime 
contractor s encourages the application of ManTech 
r esults , though often by sacr i f ic ing widespread 
di ffus ion .  The or ig inal contractor is frequently th e 
only user . 4 

• ManTech pays only par t of the costs of developing 
and demonstrating new technolog ies , usually exclud ing th e 
costs of pr ior research , development , and capital equip­
ment . This narrow suppor t is  usually attractive only to 
companies that are.  accustomed to invest ing heavily in R•D 
or are able to bear the pr ior capi tal equipment costs . 
u . s .  mach ine tool companies in general f i t  ne i ther of 
these categor ie s .  

• Pr ime contractors and laborator ies and consulting 
organizations dependent upon DOD bus iness have invested 
heavily in an institutional capability to compete success­
fully in the defense market . In many cases , this invest­
ment includes personnel exper t in antic ipating ManTech 
requ irements and marketing proposals . For such compan ies , 
i t  is estimated that the cost of developing a proposal 
for a $300 , 000 ManTech contrac t  is in the range of $10 , 00 0 
to $15 , 000 . For those not accustomed to compet ing in 
this mar ket , the cost may be two to four times as grea t 
and , therefore , prohibitive . 
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5 9  

• The regulatory and other dis incentives to machin e 
tool company par tic ipation in defense procurement apply 

with equal force to the ManTech program. 

Equ ipment suppliers can and do par tic ipate indirectly 
in ManTech projects as subcontractor s and advisor s .  Por 
example , a current Department of the Army project to 
d isseminate PMS technology has recently resulted in th e 
complet ion of a large study detail ing the economic and 
technological potential of flexible manufactur ing 

systems . This proj ect , which is des igned to overcome a 
perceived lack of information among mach ine tool user s 
about the potential of PMS technology , i s  be ing car r ied 
out through a consor tium that includes several mach ine 
tool bui lder s .  

ManTech suppor ts technolog ies appl icable to the 
production of a single weapons system or even component , 
but program guidelines favor the suppor t of gener ic 
technolog ies that may be used in the manufactur e of 
d ifferent types of defense mater iel . Such technolog ies 
ar e not limited to metal process ing , mater ial handl ing , 
compos ites product ion , and automation , but encompass a 
wide r ange of obj ectives including chemical processing , 
e lectron ics packaging , energy conservation , and safety 
and health . Table 14  l ists the technolog ical areas 
r eceiving greatest emphasis in each of the ManTech 
programs . Thus , the relatively limited funds committe d 
to the Manufactur ing Technology programs as shown in the 
table ar e spread among a relat ively large number of 
manufactur ing technologies . 

T he  DOD ' s  ManTech progr ams use convent ional procur e­
ment terms and procedures . Contracts are usually 
compet it ive and negotiated on a f ixed pr ice or cost plus 
basis . In some cases , incentive awards are made for 
s uper ior per formance . 

The lead times for ManTech projects do not vary 
s ignificantly from those for ord inary purchases . A 
decis ion to pur sue a technology may precede a request for 
proposal (RPP, by as much as three to five year s ,  and a 
few months to a year may elapse between the adver tisement 
of an RPP and the contract award . 

These long lead times for ManTech contracts seem 
self-defeating , in view of the program ' s  purpose of  
promoting advanced technology . Like other par ts of the 
DOD budget , ManTech budgets must be assembled at leas t 
two year s in advance of contract awards . Th is means that 
DOD substantially lags the pr ivate sector in its abi lity 
to promote r apidly chang ing manufactur ing technology . 
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Any effor t to increase the d i rect par t icipation o f  
equipment vendor s i n  ManTech progr ams must take into 
account not only the peculiar ities of these prog rams , 
descr ibed aboYe , but also the level and uncer tainty of 
cur rent ManTech funding . In par ticular , the stability 
and continued growth of the ManTech program appear s in 
j eopardy as a result of an unexpected congress ional 
action with respect to the Army PY 1983 appropr iat ion . 
On the initiat ive of a House Appropr iations subcommi ttee , 
Congress reduced the Army • s  request by 60 percent and 

conver ted the remain ing ISO million from procurement to 
R'D funds . This action reduces the Army • s  flexibil ity in 
obl igating the remaining funds , j eopardizes ongoing 
projects , and threatens to transfer the program to an 
administrative environment less sensi t ive to the requir e­
ments of applying and diffusing new technology . 

TechMod Programs 

T he Technology Modernization progr am and i ts Army 
version, the I ndustr ial Productivity Improvement ( IPi t 
program,  or ig inated with the P-16 a i rcraft progr am in the 
late 1970s . I t  is  weapons-system-based and plant-based 
r ather than proj ect-based and technology-spec i f ic .  
TechMod/IPI funds the validation o f  advanced manufactur ing 
technologies in return for a contr actor • s  commi tment to 
make s ign i f icant capital investments in modern ization o f  
equipment produc ing a par t icular weapons system in a 
par t ic ular fac i l i ty .  Although its purpose is  ordinar i l y  
t o  r educe costs , i t  may also b e  used t o  increase surge 
capac i ty or improve product quality and per formance . 

A TechMod/IPI project may be init iated either by DOD 
acqu i s i t ions per sonnel or by a contr actor . A typical 
TechMod contract incorporates three phases , wh ich may be 
negotiated separately . In the first phase , DOD suppor t s  
a top-down , wall-to-wall analys is o f  the contractor • s  
production fac i l i ty .  I n  the second phase , DOD suppor t s  
the advanced development o f  identi fied technologies and 
the design of plant improvements . Finally ,  the contr actor 
u nder takes to purchase and install the new equ ipmen t .  

Although i t  or ig inated independently , TechMod c a n  ba 
a nd has been viewed as a means of ensur ing the implemen­
tat ion of ManTech projec t  results or of promot ing other 
advances in the state of the ar t .  Frequently , however ,  
TechMod results in the adoption of off-the-shelf though 
technolog ically advanced equ ipment . There is  a danger 
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that ManTech oppor tunities a r e  identif ied too late in th e 
procurement cycle to incorporate them in ongoing weapons 
programs or are j udged to be too long-term and to enta i l  
t oo  h igh a r isk to j ustify immediate adopt ion . 

TechMod contracts are exclus ively with weapons system 
producer s ,  although in the F-16 program and other cases 
they have been extended through agreements between pr ime 
contractor and subcontractor to second-tier component 
manufacturers . DOD pol icy encourages this •pyramid ing , •  
out of the real ization that subcontracted component 

systems often represent more than half of the cos t of a 
weapons system and out of concern that second- and 
th ird-tier suppl ier s are frequently fragmented , hav e  
poorer access to capital mar kets , and therefore have 
greater d i fficulty than pr imes or major subcontr actors i n  
obta ining capital for investment i n  modern plant and 
equipmen t .  

TechMod and IPI offer incentives that are not typical 

of conventional procurement contracts . For ex .. ple , to 
protect the contractor in the event a weapons system 
contract is uni laterally terminated or stretched ou t  
because o f  insuff icient fund ing , DOD aay agree to pay the 
undepreciated value of the equipment purchases by the 
contractor . Secondly , DOD may agree to a formula for 
shar ing with the contractor the savings resulting froa 
productiv i ty gains . I n  these cases , the contract 
stipulates investment commitments for each f iscal year o f  
the contract and targets ( though does not guarantee) 
return on that investment for the contractor . Finally , 
TechMod contracts frequently use the more conventional 
device of incentive awards for contractor per formance . 

The general a im of these and other measures utilized 
under the aegis  of TechMod/IPI is to provide incentive s  
for contractor investments through greatly increased 

returns on investments and by indemnification of invest­

ments in the event of cancellation of the procurement 
programs for wh ich the investments are made . Governmen t 

and industry contract spec ialists have faced several 
problems that have precluded greater use of these 
concepts . Where there is more than one product and more 
than one government buying office with wor k  in  a 
facility ,  i t  is d iff icult to determine which off ice or 
which contract should be the vehicle for the spec ial 
investment agreement .  I n  addition , it  is difficult to 

measure actual savings resulting from new equipment or 
facilities and to d ivide the savings between the govern­
ment and the manufacturer . Also , the government has had 
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SOBe difficulty in providing indemnificat ion aga ins t 
prograa cancellation or stretchout because of existing 
rules that govern the contracting process . Efforts to 
overco.e these proble.s could have a s ignificant i�ct 
on requira.ents for new aore effic ient machine tools . 

A 1980 report of the Air Force Syste.s Ca.aand 
suggested that • i f  technology .oderni zation can wor k for 
a erospace , i t  can work for other c r itical civil/mil itary 
industr ies , such as electronics , mach ine tools , and basic 
aater ials . • 5 A TechMod prograa for equipment vendors 
conce ivably could be carr ied out through pr i.e contractor s 
or directly in connection with DOD procure.ent . In e i ther 
case , however , the question ar ises whether any pr ime 
contractor or DOD agency r epresents a large enough market 
to justify part ic ipation on e ither s ide . Mach ine tool 
c�nies do not have dedicated facilities , and defense­
related purchases are camaonly in small lots . I n  com­
par ison with ManTech , moreover , contractor par tic ipation 
in TechMod programs requires an even aore sophist icated 
mar keting capability ,  s ince the contract teras are more 
complex and the f inanc ial commi tments greater . 

MACBINB TOO L SUPP LIERS 1 PERSPECTIVE ON THE 
DBPBNSB PBOCORBMBNT PBOCBSS 

The following analysis of the machine tool supplier s •  
perspective on defense procurement is based on the views 
o f  a r ange of machine tool companies doing bus iness 
d irectly and ind irectly with the government . Those 
i nterviewed were asked to compare their experiences 
sell ing ( 1 )  d irectly to the government , ( 2 )  to pr ime 
contractors ,  and ( 3) to non-defense bus inesses . They 
were also asked to cite spec ific examples of problems and 
successes . OUr f ield research r evealed that , in  general , 
machine tool companies f ind i t  more difficult to wor k 
d irectly with the government than wi th pr ime contractors 
or c ivilian customer s .  

I n  the last f ew  years ,  seeking government contracts 
( froa arsenals , national laborator ies , etc . ) has been a 
r elatively low pr ior i ty for aost mach ine tool compan ies . 
Direc t  government contracts were typically 5-10 percent 
of  sales . Whi le government business , in general , is  not 
seen as technically aore demanding or more r isky than 
bus iness with pr ime contrac tors or c ivilian customers ,  
government contracts are generally perce ived a s  entailing 
g r eater administrat ive difficulties . 
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On the other hand , do ing bus iness wi th pr ime con ­
t r actor s was seen as comparable to civilian bus iness . 
Lead t imes between the request for a bid and the contrac t 
award were substantially shor ter than those exper ienced 
when deal ing directly with the government . I ndeed , the 

· pr ime contr actor s were v iewed by r espondents as useful in 
sh ielding mach ine tool companies from the problems of 
d irect government negotiations . 

Deal ing With the Governmen t 

While not every mach ine tool company interviewed had 
concerns about direct government bus iness , a substantia l 
number agreed on the types of administrative procedures 
in technical spec i f icat ion that tend to d iscourage machine 
tool bui lder s .  The administrat ive problems are : 

• excessive paperwork 
• long lead times 
• var iat ion and unpredictability in lead times 
• lack of under standing of government procedures an d 

rev iews 

The problems in technical spec i fications are : 

• lac k  of under stand ing of manufactur ing at some 
government installations 

• inadequate consultation with the industry before 
and dur ing the contracting process 

• inappropr iate spec i f icat ions , wh ich often result 
in outmoded or unnecessar i ly expens ive mach inery 

These sets _ of problems are seen by suppl iers as 
reasons to avoid deal ing directly with the government , 
espec ially dur ing per iods of h igh order backlogs . 
Accord ing to these compan ies , such impediments result i n  
i ncreased costs and impa ired quality for the government 
customer s .  

The compan ies claim that administr ative problems add 
delays , uncer ta inties , and extr a costs to the system r 
excess ive paperwor k adds unproduct ive , administrative 
time for machine tool compan ies . They argue that thi s  i s  
espec ially true for the excess ive deta i l ,  compared with 
c ivil ian wor k ,  with which many requests for proposals ar e 
drafted . 
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More ser ious proble- are found in the contracting 
p rocedure i tsel f .  Lead times of 12-18 months are common 
in d i rect government business , compared with 3-6 months 
w i th pr imes and c ivil ian customers . These long lead 
t imes add uncertainties and place a premiua on continuity 
at the companies . They also mean that , as machine tool 
f irms • own backlogs are being worked down , government 
business is not a viable , short-term alternative . 

The greatest administrative problems appear to resul t 
f rom var iations in process ing t ime combined with lack of 
documentation of rev iew procedures . As delays occur , 
ca.pan ies that do not know the sequence to be under taken 
on a bid have difficulty locat ing and resolving the 
source of the bottleneck . One company proposed , as a 
.adel for the DOD ,  the system recently installed at th e 
General Services Administration (GSA) . I f  certain 
h igher-level reviews are not completed in 20 days at GSA , 
some purchases can be assumed approved , and paperwor k 
moves to the next stage in the process . 

The long , complex contracting process tends to favor 
two types of companies : ( 1 )  large compan ies with 
multiple government contracts , who can spread the costs 
of bidd ing and manag ing government contracts over a 
number of jobs and develop long-term relationsh ips with 
DOD , and ( 2 )  cer tain small firms that are dedicated to 
obta ining government contracts and whose top management 
have spec ial expertise in thi s  area . Small companies 
with few government contracts are at a d isadvantage in 
bidd ing because they lack the resources , spec ial ized 
personnel ,  knowledge of the process , and close relation­
ships to per form well in the bidding process . Skills i n  
contracting , however , do not necessar ily coinc ide with 
the ability to commerc ial i ze and promote the advanced 
manufactur ing technolog ies in which DOD appear s to have 
the greatest interest .  

Another concern of mach ine tool suppl iers l ies i n  the 
area of technical spec ifications . Sometimes the spec i f i­
cations do not reflect up-to-date manufactur ing tech­
nology . Machine tool bui lder s believe that consultation 
w i th the industry before mach ines are speci fied is 
inadequate . One c i ted an example of a government 
spec i f icat ion for 11 4-spindle , s-axis mach ines that 
would cost about $1 million each , when an already 
available 4-ax is mach ine for $1SO , OOO could do much of 
the wor k r equ ired . Previous consultation might have 
r educed the number of s-axis models . 
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Suppl iers also believe that custom mach ines ar e 

s pec i fied to an unnecessary extent .  Wh ile the government 
needs some custom mach ines , spec i f ications for custom 
des igns can also be used to influence wh ich companies are 
likely to win the bids . Sometimes the spec i f ications 
combine the features of a number of manufacturer s ,  which 
ra ises costs wi thout affecting per formance s ignificantly . 
One company repor ted that they had built custom mach ines 
for a government contract which were no more effective 
than the ir standard product , but wh ich cost two to f ive 
times the standard costs . Custom des igns may also requir e 
the d ivers ion of scarce management and eng ineer ing t ime 
to mach ines that will not be useful to other machine too l 
customers . 

P inally , the companies claimed that the initial speci­
f ications are seldom updated , and very little technical 
commun ication is allowed . With the long lead t imes 
involved in contracting and rapidly chang ing technology , 
the government can end up with obsolete equipment .  One 
company cited a contract for a computer ized des ign system 
that was spec i f ied in 1978 but not awarded until 1981 . 
By the t ime the award was granted , computer-a ided desig n 
(CAD) technology had improved dramatically . However , 
since the spec ification was never updated , the company 
was requ ired to deliver obsolete equ ipment .  

In another example , a company became aware that a 
specification for a group of machines costing over $10 
mill ion had been wr itten for a job .  The f irm bel ieved 
that a group costing less than $6 mill ion and a new 
manufactur ing approach could have solved the problem , bu t 
because the contract was already wr itten , the government 
customer would not cons ider a new , less costly approach . 

The solution to these problems is , to the extent 
possible , to spec ify the par ts to be produced and le t 
companies bid mach ines to fulf ill the job .  This approach 
takes advantage of the machine tool compan ies ' exper tise 
i n  manufactur ing and should result in expens ive custom 
machines be ing bid only when absolutely necessary . 
Government personnel would then have to devise a scor ing 
system to j udge , based on cost and des ign , the most 
effect ive , lowest-cost alternative and select that 
manufacturer . 

The d ifficult ies that many machine tool firms have in 
dealing with the government are summar ized in recent 
congress ional testimony by Richard P .  Bodine , the 
presiden t of one of them: 
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In the 1970 ' s ,  our industry--like all others- ­
was bur ied in burdening government regulation . We 
were made aware dur ing Vietnaa that if we won a 
compet i tive fixed pr ice contract--even in our 
high-risk bus iness--the contrac t  pr ice was not 
f i rm .  We were subject to government audi t ,  to 
insure we were not • too profitable . •  we were told 
that • adver tis ing expense• was not permitted , 
s ince no one had to adver tise to get a governmen t 
con tract . We were also proh ibited from paying 
dealer commiss ions on government sales--even 
though our arrangements with our dealers/ 
representatives had existed for years .  we ar e 
legally obl igated to provide suppor t as required 
to the audi tors from our l imited staff--without 
compensation . we are too small to handle this 
kind of intervention . 

I n  short order , we were faced with EEOC ,  OSHA , 
EPA regulat ions , Aff irmative Action ,  ERISA , and 
many others .  Most are mandatory--some are 
voluntary ,  but mandatory i f  you wish to do 
government bus iness . I n  1972 , we made a corporate 
dec i sion to avoid any government regulations we 
legally could avoid . As a r esult , we are totally 
dedicated to c ivilian customers . I t i s  no longe r 
economically practical for us to bid for or accept 
a government order . 6 

An Impor tant Counter-Example 

A recent example of a procurement mach ine tool companie s 
c ite as exemplary , from both administrative and technical 
viewpoints , was the Watervliet ar senal purchase of an 
PMS .  Although the project i s  not yet complete , members 
of the machine tool indus try believe i t  will demonstrate 
excellent results . watervliet recently awarded White­
Consolidated I ndustr ies a $15 . 3  million contract for a 
fully automated , flexible manufactur ing system for 
howi tzer and gun tubes . The PMS incorporated as major 
components a number of hor izontal machining centers and 
vertical turning machines and included sophisticated 
coordinate measur ing machines and an integrated mater ial 
handling system under the control of a large 
minicomputer . The committee interviewed not only the 
winner , but also a loser , of the contract , and both 
praised the method of purchase as a model for others .  
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The Watervliet procurement process bad a number o f  

d istingu ishing features . First , the DOD personnel 
involved understood manufactur ing and contracting ver y 
well , and in general speci f ied the outlines of an PMS as 
modern as any ever built . Second , within the general 
guidel ines , companies were allowed to des ign their own 
systems . As a result , the f inal des igns offered a 
var iety of approaches , br ing ing out what each company 
cons idered the bes t system. 

A scorecard system was devised beforehand , announced 
to the companies , and used to evaluate the bid . Points 
were awarded for efficiency of the system, flexibility of 
software , and accuracy of tools , as well as for pr ice . 
The company with the h ighest point total was selected . 

Another cr i t ical feature was that , under str ic t  
controls , the government allowed technical communication 
between the bidding companies and Watervliet personnel . 
This procedure allowed companies to gain vital information 
on the requirements of the system , whi le protect ing the 
process from abuse . 

The major d ifferences , then , between this watervliet 
and other DOD manufactur ing technology purchases wer e 
that ( 1) the most modern system was a speci fied objective , 
( 2 )  companies had the freedom to design their own systems 
without having to meet detailed spec i fications that would 
limi t their options , and ( 3 }  technical coaaun ication wa s 
k ept open . Instead of a potentially costly , out-of-date 
system , the Defense Department will be receiving a modern 
system after a strongly contested bidding process . 
Although the bidd ing process took longer than normal , and 
a lthough most companies said they d id not expect to profit 

from the sale to Watervl iet , these firms wer e  enthus iastic 
about partic ipating because of poss ible commercial 
spinoffs . 

Exper iences such as the watervliet proj ect can do much 
to change the generally negat ive perception that mach ine 
tool compan ies have of dealing d irectly with the govern­
ment . The Depar tment of Defense can still have power fu l 
leverage with in the industry through making a market for 
new technology , as i t  did in the case of numer ical con­
t rol . Mach ine tool companies can be strongly motivated 
by government procedures that take the trends in the 
i ndustry and plans of the f irms into account .  A t  the 
same time , better cooperat ion will make it poss ible fo r 
the Defense Depar tment to obtain better manufactur ing 
technology , more enthus iastic company participat ion , and , 
to the extent that standard mach ines replace custom 
des igns , lower costs . 
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PBRCEPl'IOHS OP TBB U . S .  MACHINE TOOL INDUSTRY : 
TBB PRIME CON'l'RAC'l'ORS 1 VIEWPOINT 

Th i s  subchapter descr ibes the role of the pr ime defens e 
contractor as the user and the developer of manufactur ing 
technology . After some initial observations , the 
s ubchapter takes up several issues that are key to the 
pr ime contractor ' s  role : in-house mach ine tool-mak ing 
c apability and per formance , contracting procedures , 
technology flow ,  exper ience with foreign suppl iers . 

The Committee found that several i ssues are key to the 

contractor-supplier relationsh ip : the in-house mach ine 
tool-mak ing capabi l i ty of pr ime contractors ,  the con­
tracting procedures between pr imes and their  suppl iers , 
the sources of new technology in mater ials process ing and 
handling , and the exper iences pr ime contractor s have had 

w i th foreign vs . domestic supplier s .  

I n-Bouse Mach ine Tool Capabi l i ty and Per formance 

None of the firms interviewed for th is r epor t had machine 
tool fabr ication divis ions or met all mach ine tool need s  
i n-house . Complex mach ine tool des ign , however , was 
carr ied out as a function of manufactur ing research . I n  
such cases , the f i rm ' s  r esearch d ivision might construct 
a prototype , turn it  over to the firm ' s  facilities 
d ivis ion for testing and refinement, and then contract 
with a machine tool manufacturer for f inal production . A 
conventional arrangement of th is k ind would involve the 
mach ine tool bui lder as a licensee to patents held by th e 
f irm. Respondents interviewed for th is repor t cited at 
least two examples of such a procedure ,  involv ing a dry 
ice pellet blaster and a tape-laying mach ine . 

This management of in-house fac i l i t ies appeared t o  
occur even a t  large companies whose product l ines include 
some mach ine tool components . At one such company , 
i n-house mach inery has been used to build some of its 
( non-defense ) products . A spokesman for the company 
s tated , however , that his f irm was •not in the mach ine 
tool bus iness . •  An aerospace contractor was mor e 
emphatic : . •There is no way the pr imes can compete with 
machine tool bu ilder s on their own tur f . •  

On the other hand , virtually all pr ime contractor s 
ma inta ined some mach ine tool capability .  var ious reason s 
were g iven for this . At a minimum , a machining capability 
was requ ired to adapt ex isting mach ine tools for spec i a l  
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j obs and configurations . In isolated instances , a company 
with a propr ietary interest in a spec i f ic manufactur ing 
technology might prefer to construct the mach ines 
utiliz ing this technology in-house rather than allow i t  
to become widely known . 

Thus , mach ine tool fabr ication by pr ime contractors 
typically involves the shaping of cutting equipment , and 
some blank and mill gr inding . Some respondents said that 
the ir firma regular ly manufactured their own mach ine tools 
when the mechanics were s imple and pecul iar character­
istics were requ ired . A minor ity of (usually large ) 
f irma , however , regular ly fabr icate major machine tool 
assembl ies . These s i tuations have usually taken place 
where extremely special ized manufactur ing processes are 
requ ired or when propr ietary information ia involved . 

Contract ing Procedures 

Contracting procedures between the pr imes and the i r 
machine tool suppliers vary according to the coat of the 
equipment , the extent of new technology to be incor­
porated , spec ialized requirements such aa abor t lead 
t imes , and the way the corporation i tself organ izes i t a 
r esearch , purchas ing , and production functions . The 
purchase of any major machine or mach ine system , however , 
usually entails spec i f ication-wr iting ,  coordination with 
the us ing act ivity ,  the bidding process , an1 • run-out •  or 
on-s ite testing . 

Where espec ially soph isticated or new technology ia a 
cr i tical element of the machine in quest ion , a pr ime ' s 

manufactur ing research divis ion will play a role at moat 
of these atag�s . I t  may already have built a prototype 
of the mach ine in question . It w i ll ,

· 
at any rate ,  help 

draft spec i f ications around the requirements of the using 
activi�y .  Divisions • signing off• on the equipment 
purchase could include the us ing act ivity , fac i l i t ie s  
planning d ivision , and maintenance . One aerospace f irm 
repor ted that this procedure ( using manufactur ing researc h  
per sonnel to manage a new manufactur ing technology 
purchase ) covered approximately 2 5-30 percent of al l 
mach ine tool purchases in the average year . 

Firma normally attempt to draft spec ificat ions ao tha t 
several suppl iers might be capable of bidd ing . The 
bidd ing proeeas , however , is not handled uniformly among 
all defense contractors .  Although many contractors use a 
• three-bid • or • tour-bid • procedure , some are known to 
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open the bidd ing to a wider range of suppliers . And one 
r espondent stated that he seeks out smaller supplier s ,  
often on a sole-source bas i s ,  that h e  knows t o  be a s  
competi t ive a s  the larger fore ign and domestic f irms . 

I f  the mach ine in quest ion e�loys s ign i f icant new 
t echnology , the pr ime must often work closely with the 
mach ine tool bui lder to encourage it to embar k on such a 
proj ec t .  This subject is covered in more deta i l ,  below. 
I t  is impor tant , because the responsiveness of the machi n e  
tool bui lder t o  advances in the state of the art bas 
becoae an increas ingly impor tant factor in the industry ' s  
compet i t iveness . 

P urchase contracts generally provide for on-site 
testing , or • run-out, •  espec ially where the state of th e 
a r t  i s  being pushed . 

Technology Plow 

Research and deve lopment budgets in the mach ine tool 
sector have h istor ically been modest , in absolute f igur e s  
and a s  a percentage o f  sales . In 1981 , mach ine tool 
industry R&D stood at 4 . 2 percent of industry sales , and 
even this f igure needs to be qua l i f ied by the observation 
that much of that f igur e r epr esents development , as 
opposed to r esearch , spending .  

Many pr ime contractor s ,  on the other hand , appear t o  
place cons iderable emphas is on the appl icat ion o f  emerging 
technologies .  Research d ivis ions at leading defense 
contr actor s wor k with thei r  manufactur ing d ivis ions and 
purchas ing departments at the var ious stages of the 
equ ipment procur ement and testing proces s ,  whenever new 
technology is involved . Such fi rms s tr ive to ma intai n  
s trong ties with univer s i ties , where the bulk o f  the 
nation ' s  basic research is per formed . A recent repor t on 
the aerospace industry , for example , concludes that 
a ircraft and eng ine manufacturers •presently car ry out a n  
extens ive and multi faceted univer s ity inter face , cover ing 
v i r tually ever� form of industry/univers i ty 
relat ionship. • 

Exa�les of r esearch per formed , or contracted for , by 
pr ime contractors include t i tanium shaping , polymer f iber 
breakage , honeycomb metal forming , beat shield forming , 
and tape laying-- i . e . , subjects germane to mach ine tool 
character is tics and spec i f ications . Sever al pr ime 
contractor s commi t  more in cer tain year s to manufactur ing 
r esearch alone than does any s ingle domest ic machine tool 
f irm. 
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These differences between pr ime contractor s and 
mach ine tool makers in their RiD budgets also ·influence 
the way technology has developed in the machine tool 
i ndustry . Although there are exceptions , technology 
flows in manufactur ing processes have over the last two 
decades generally or ig inated from outs ide the mach ine 
tool industry : from government , pr ivate , and univers i t y  
laborator ies , f r om  pr ime contractors ,  and i n  s ome  cases 
from fore ign manufacturer s .  

I n  i ts interviews , the Commi ttee found that a number 
of features of the pr ime/DOD/machine tool industry 
r elationship have helped to inh ibit the development of a 
steady source of technology flows from within the u . s . 
mach ine tool industry . The most prominent features are 
the following : 

• Industry structure and pract ices . The r elatively 
small s i ze of the average u . s .  mach ine tool f irms , and 
the peculiar economics of mach ine tool sales that affect 
even the largest f irms , have l imited the amount of useful 
bas ic research that can be performed or that u . s .  machine 
tool f irms have been willing to f inance in-house . Machine 
tool construction us ing new technology , therefore ,  has 
tended to be •customer-dr iven• and not or ig inated by th e 
i ndustry . 

• Comparatively slow domestic market for new traduc­
t ion technology . The lack of a substant ial domest c 
market , unti l  recently , for the latest manufactur ing 
technology has affected progress within the mach ine too l 
i ndustry . This issue is discussed below in further 
de tai l .  

• Difficulties o f  direct DOD-supplier contacts . As 
th is repor t descr ibes elsewhere ( see •Mach ine Tool 
Suppl iers • Perspectives on the Defense Procurement 
Process• , above) , many mach ine tool builders do not tak e 
advantage of government research contracts . The bulk of 
the DOD-sponsored research in manufactur ing technology , 
for example , is per formed by pr ime contractors rather 
than mach ine tool builder s .  

• Pr imes • advantage regarding unique mach ine tools . 
Because of their s ize , large pr ime contractor s are in a 
better pos ition than most machine tool companies to 
develop and construct the soph isticated , one-of-a-k ind 
mach ine tools that are often used for building c r i t ical 
parts of advanced weapons systems . Larger firms can 
spread the research and development costs of these tools 
through such mechanisms as Independent Research and 
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Development ( IR&D) allocat ions on their governmen t 

contracts , which as a practical matter are unavai lable to 
most mach ine tool builder s . 

P r ime contractors interviewed for this report stated 

that although u . s .  machine tool builders have kept 
abreast of technolog ical developments in some areas , they 
fall shor t in others . According to these respondents , 
u . s .  machine tool f irms are beh ind the state of the art 
in applying flexible manufactur ing systems and in some 
appl ications of computer technology . This perception is 
disputed by leading u . s . machine tool f irms , which claim 
that u . s .  PMS technology is at least equivalent to 
Japanese technol� .8 Their pos it ion has some support 
i n  the l i terature , including a recent survey of 
relative technolog ical positions by Japan ' s  Ministry o f  
International Trade and Indus try (MITI ) . 10 

To the extent that the pr ime contractors •  j udgment is 
true beyond the survey sample , however , it i s  espec ially 
ominous , inasmuch as the areas they ci te--PMS technology 
and some applicat ions of computer technology--are wher e 
some of the most s igni f icant gains are being made in 
manufactur ing technology . I f  this j udgment i s  no t 
accurate presently , i t  could become accurate soon , 
because the Japanese government is spend ing at least $ 6 0  
million to improve commerc ial PMS technology . ll Three 
national research institutes and 2 0  companies are 
par tic ipating in thi s  program . 12 

There does appear , at any rate , to be a perception 
among machine tool user s that the u . s . products ar e 
generally infer ior , whether or not the perception is  
warranted . The Committee did not identify the extent to 
wh ich this perception is the result of marketing vs . 
technological fac tor s .  

The Committee believes i t  i s  impor tant , however , to 
compare these perceptions with the observation that 
foreign manufacturers that use mach ine tools , espec ially 
the Japanese , appear to have made sign i f icant investments 
in modern machine tool technology before their u . s .  
counterparts d id .  Th e  reasons for this advantage could 
i nclude such d iverse factor s as more enlightened labor­
management relat ions in Japan , bu ilt-in d is incent ives to 
manufactur ing efficiency in the Uni ted States because of 
•cost-plus • provis ions in DOD contracts , and the relative 
e f fects of u . s .  vs . Japanese incentives for capital 
investment . It is commonly agreed , however , that th e 
Japanese suppliers brought to the u . s .  market in the mid 
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to late 1970s more exper ience in some soph isticated 

categor ies of machine tools than u . s .  tool builders . 
With regard to flexible manufactur ing systems , for 
example , observers point out that Japanese mach ine tool 
bu ilders had a head star t in commerc ialization , because 
u . s .  mach ine tool users-- in contrast to Japanese 
user s--wer e  slow to pick up on the concept . 

This observation accords with the Commi ttee ' s  
exper ience that , in mak ing mach ine tool purchases , u . s . 
f irms have until r ecently had a tendency to • r eplace• 
rather than • upgrade . •  The dec ision to purchase has 
often involved low-level or uninformed decis ion-mak ing 
( e . g . , by foremen or purchasing off icers) . This has 
colored the perception pr ime contractors have had 
regard ing the responsiveness and reliability of u . s .  vs . 
foreign suppliers of machine tools . 

Exper ience With Fore ign Supplier s 

A lthough some pr ime contractors strongly prefer to buy 
from u . s .  suppliers , all interviewed respondents stated 
that they made substantial machine tool purchases from 
foreign companies . The most commonly cited d isadvantage s 
ascr ibed to u . s .  suppl iers were these : 

• Del ivery times . As th is repor t examines , machine 
tool impor ts have tended to climb dur ing those years when 
u . s . suppl iers were accumulat ing large backlogs . In the 
case of the latest surge in impor ts ,  wh ich took place 
dur ing 1976-80 , u . s . buyers found that the overseas 
suppl ier could deliver an order several months before its 
u . s .  competitor . 

• Responsiveness to user requirements . Most machine 
tool users that responded to the Committee ' s  surveys 
believed that foreign manufacturers were more responsive 
to user requirements , espec ially where state-of-the-ar t 
advances were involved . some named spec i f ic instances 
where u . s .  suppl iers had turned down oppor tunities to b i d  
o n  proj ects incorporating n ew  technology , these bids had 
subsequently been picked up by foreign firms . In one 
instance an aerospace f irm decided on speci f ications for 
a large , multiple-spindle profi ler with automatic 
tool-chang ing and pre-setting capabil ity .  It  r eceived 
seven bidS J only one u . s .  f irm was among the bidders . 
•The u . s .  machine tool industry has k ind of left us , •  the 
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aerospace company ' s  General Manager for Manufactur ing 
Operations r emarked . 

• After-sales service . The major i ty of interviewees 
also faulted follow-on service standards at the u.s. 
machine tool f i rms .  I n  some cases , poor follow-on 
service appeared to result from the •conglomeratization• 
of the suppl ier . Respondents who brought up this  point 
surmised that where service had once been provided by 
d is tr i butor s ,  whose pr ime responsib i l i ty lay in sales and 
service , it was now done direc tly by the suppl ier­

conglomer ate . Pollow-on service thus became a lower 
corporate pr ior i ty and suffered accordingly .  

• Reliabi l i ty .  The reliab i l i ty o f  u.s. machine 
tools came in for some of the strongest c r i t ic i sm.  A s  
the head o f  manufactur ing research at a n  aerospace f i rm 
put i t ,  •The Japanese are more l i kely to g ive you a 
produc t that will r un the f i r st t ime : u.s. manufacturers 
usually g ive you a longer lead t ime ,  and the reliabi lity 
of their  machines is not the gr eates t . • Another , 
s imilar ly placed corpor ate officer l ikened the s i tuation 
to the u.s. auto industry,  wh ich he desc r i bed as 
outc lassed by foreign products that offer bette r 
r eliab i l i ty and are more respons ive to consumer demand s .  

The Committee acquired anecdotal but nonetheles s 

persuas ive evidence to the effect that pr ime manufacturers 
are see ing improvements in the competi tiveness of �s. 
machine tool builder s .  The Petition o f  the NMTBA for 
relief under Sect ion 23 2 of the Trade Expans ion Act als o 
desc r i bes in some deta il  the •self help• steps being 
taken by the industry . l3 

Together , these suggest that u.s. mach ine tool 
builder s are awar e of changes that must be made in orde r 
to remain compet i t ive . As previous sections of th i s  
repor t suggest , these changes w i l l  b e  constra ined by 

, f inanc ial cons iderations , and by the d i f f iculties that 
u.s. suppl ier s have had in deal ing with the government .  
T he following subchapter desc r i bes aspects of u.s. 
leg islation that have influenced and will continue t o  
i nfluence the purchase o f  domestically produced mach ine 
tools dur ing thi s  trans i tional phase in the industry .  
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DOMESTIC LEGISLATION AFFECTING THB PURCHASE OP 
U . S .  PRODUCED MACHINE TOOLS 

•Buy Amer ica • and Other Preference s 

A s  a general r ule , u . s .  government pol icy favor s domestic 
over foreign suppliers . The Buy Amer ica Act , for example , 
r equ ires that mater ials and supplies purchased d irectly 
by the u . s .  government be composed substantially of 
domestic products . The Air  Force ' s  Buy United States 

Her e (BUSH) program has establ ished procedures so that 
u . s .  products will receive h igher pr ior ity in procurement 
among overseas procurement agencies . The Small Bus ines s 
Ac t g ives certain preferences to metalwork ing mach inery 

producer s having 500 or fewer employees :  th is cover s  all  
but  3 percent of u . s .  mach ine tool f irms .  Several 
Executive Orders provide incent ives for f irms performing 
contracts and planning new production fac ilities in labor 
surplus areas : these areas presently inc lude the home 
ter r i tory of many machine tool companies . 

Th is  repor t finds no ev idence that such incentive s 
have had a measurable effect on u . s .  mach ine tool 
purchases by defense contractors .  The Buy Amer ica Ac t  
does not apply to mach ines purchased for a contractor ' s  
own use r it  does not apply to the software used to run 
automated mach inery : nor does it apply to purchases from 
NATO countr ies , Swi tzer land , Aus tralia , I srael , or Egypt , 
where the United States has Memoranda of Under stand ing 
(MOUs ) waiving the Buy Amer ica requirements that migh t 
otherwise attach to the purchase of mach ine tools . The 
Small Business Ac t  preferences have apparently not served 
to br ing smaller u . s .  f irms up to the competitive 
standards of foreign market par ticipants , and at any ra t e  
d o  not reach the f irms that account for a very large 
share of the sales of domest ically produced mach ine 
tools . The labor surplus area programs do not affect the 
pr ice competit iveness of the f inished product . 

Moreover ,  free trade policies embod ied in the Trade 
Agreements Act of 1979 , and in a number of rec iproca l 
international agreements ( includ ing the MOUs referred to 
above) , encourage foreign f irms to seek host governmen t 
contracts and provide for the waiver of domestic 
preference s .  

Offset agreements with foreign governments also diver t 

purchases , includ ing machine tool purchases , to fore ign 
soil .  These agreements are intended to ass ist in 

f inanc ing fore ign mi litary sales , by provid ing that th e 
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u . s .  pr ime contractor purchase cer tain components o r  
asseably equipaent f r om  the rece iving government as a 
condition to the contract . A r ecent Treasury Depart.en t 
r epor t estimates that between 1975 and 198 1 ,  26 of the 
largest electronics and aerospace f i rms provided foreig n 
gover�nts with offsets totaling $9 . 5  billion , in return 
for $15 . 2  bill ion in foreign mili tary sales . l4 

I nterviews for this report confirmed these conclusions 
as to the ineffectiveness of this leg islation in encourag­
i ng domest ic machine tool purchases . In v i rtually every 
case , Buy Amer ica preferences did not , as a practical 
matter , s tand in the way of users that prefer red the 
foreign mach ine tool over a similar , u . S . -made ver s ion . 

Leg islation recently introduced in the House of 
Representatives ( but not enacted) addresses some of th e 
concerns r aised in this repor t .  The bill , HR 2782 , would 
set up a 3-year , $1 . 8  billion program of modernization 
a nd expansion loans for defense-related small and medium 
businesses . I t  would also establish train ing programs 
throughout the country to help r educe shor tages in 
certa in ,  largely vocat ional , labor sk ills . Finally , th e 
b ill would provide for grants to colleges and univer­
sities to purchase and install modern sc ientific and 
engineer ing equipment .  

A committee repor t accompanying the bill points out 
that the leg islat ion has as its intent • increas ing 
p roductivity , improving product quality ,  and lessening 
impor t dependence . •  The leg islative history of the bil l 
i nd icates that it was drafted with the mach ine tool 
industry , among others , in mind . 

Machine Tool Stockpiles 

Under the Defense Industr ial Reserve Act (Public Law 
9 3- 155) , the government is author i zed to procure and 
manage a stockpile of weapons parts and also of manu­
factur ing equ ipment such as mach ine tools . DOD ' s  
stockpiled machine tool (metal-cutting and -forming ) 
i nventory cons ists of two categor ies : ( 1) the General 
Reserve , wh ich is centrally managed by the Defense 

Log istics Agency , and ( 2 )  var ious idle packages for 
mobilization , wh ich are managed by each of the three 
services . 

( 1) As of July 1983 , the General Reserve had an 
inventory of 1 2 , 286 mach ine tools , which wer e valued a t  
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$334 mill ion . However , the average age of these tools i s  
2 9  year s , with only 2 . 1  percent of the metal-forming 
tools less than 10 year s old , and 1 . 2 percent of the 
metal-cutting tools less than 10 years old . 

Longstand ing DOD policy has a imed at replac ing 5 
percent of th is inventory each year r but because of the 
lack of funds , th is goal bas not been met .  In 1981 , the 
Defense Sc ience Board recommended a one-time , 25  percent 
replacement and a 5 percent replacement thereafter , thi s  
r ecommendation , however , bas not been implemented . 

( 2 )  The Idle Packages for Mobi lization numbered 13 , 4 8 9 
mach ine tools as of July 1983 , with an inventory value of 
$382 million . Similar to the inventory in the General 
Reserve , however , the average age for the Idle Packages 
inventory is 28-29 year s .  

The 2 5 , 775 DOD-owned mach ine tools curren tly i n  

storage is  down from an estimated 3 2 , 000 tools i n  1981 . 
Because of a lack of funds , th is s ignif icant reduction i n  
inventory has not been matched b y  a n  increase in the 
number of new tools .  

The Committee bel ieves that the whole concept of 
long-term stockpil ing of mach ine tools by DOD needs to be 
examined carefully.  A recent Army repor t ,  for example , 
asser ted that use of the stockpile to provide machine 
tools for Ml/M60 tank product ion would •cost a great deal 
of money [ in machine tool rehabilitation) and would not 
improve manufactur ing methods above those used for the 

last f ifty year s . •15 Thus far , the stockpile concept 
has tended to discourage technolog ical advance whi l e  
r unning u p  substantial carrying charges for the taxpayer .  

INDUSTRIAL BASE RESPONSIVENESS 

I n  i ts effort to analyze this country ' s  abil ity to r espond 
to war time production requ irements , the DOD regular ly 
publishes mobil ization plans for spec i f ic weapons systems . 
The two descr ibed here g ive an ind ication of the continu ­
i ng need for a respons ive machine tool industr ial base . 

I n  May 1978 , the Army published i ts study of surge and 
mobilization requirements for the M109A2 , 155-mm self­
propelled howitzer . It found that the cannon and spare 
tubes for the Ml09A2 were cr itical pac ing items . This 

problem was highlighted by the lead times for the 
construct ion of industr ial plant and equipmen t r  these 
lead times did not match the accelerated production 
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requirements of the surge scenar ios in the study . Th e  
s tudy concluded , • the long lead t ime required by the 
tool ing industry to produce industrial plant and equipaen t 
i s  a cr itical problem area pointed out by th is study and 
should be of interest to DOD. · l6 

I n  June 1982 , the Army published an industr ial 
preparedness study for the Ml/M60 tank systems . Among 
i ts purposes was ( 1 ) analyz ing current production capabi l­
ities , ( 2 )  ident i fy ing cr itical and pac ing purchased i tems 
where the vendor could not meet mobi lization requirements , 
and ( 3 )  identifying machine tools , production equipment , 
and tool ing required to meet mobilization planning . 

That study , which cost more than $900 , 000 to complete , 
f ound that the new machine tools and product ion equipaent 
requ ired for mobilization are long lead items , not avail­
able off the shelf . I t  concluded that • to meet mobi l iza­
t ion requirements and update manufactur ing methods wil l 
r equire 2 0 0  new machine tools and an additional 200 
pieces of spec ial equipment with a produc ible lead time 
of 18 to 2 4  months . • lT The study doubted that the 
Amer ican machine tool industry could accompl ish this  tas k 
i n  today ' s  industr ial environment . 

CONCLUSIONS 

I n  the course of i ts interviews and surveys , the 
Commi ttee was struck by several features of the DOD-pr ime 
c ontractor-supplier relationship that have served as 
dis incentives to modernization in the u . s .  mach ine too l 
i ndustry . These can be summar ized as follows : 

• Contracting procedures . The Commi ttee cannot avo i d  
t h e  conclus ion that the complexi ty of the Defense 
Acquisition Regulations is at least par t of the reason 
why the u . s .  machine tool industry has generally avoided 
d irect DOD relationships . 

• Market character istics . The apparent s lowness of 
the machine tool bu i lders • domestic market , which 
i ncludes pr ime contractor s ,  to adopt modern production 
technology on a widespread scale has also affected the 
competitive status of u . s .  supplier s .  

• Pr ime contractor s a s  buffers between DOD and 
s uppl ier s . While pr ime contractor s generally sh ield 
machine tool companies from having to deal directly with 
the government ,  they also strongly f ilter government 
programs . Machine tool companies interviewed for thi s  
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repor t expressed almost no awareness of the TechMod or 

ManTech programs . Wh ile money can be used from these 
programs to help purchase tools , no machine tool company 
interviewed knew i f  i t  had made sales suppor ted by these 
prog rams . 

The reasons for th is relative disadvantage of mach ine 
tool bu ilder s in the defense contracting bus iness cannot 
be ascr ibed to any s ingle feature of procurement pract ices 
or industry structure . Th is repor t has descr ibed how 
delays , r egulatory requ irements , and lack of information 

have served to the d isadvantage of the trad i tional 
mach ine tool builder . 

The Committee notes some instances where progress might 
be made . Exper iences such as the watervliet proj ect , and 
the streamlined review procedures at the General Account­
ing Office , can contr ibute to rever s ing the generally 
negative perception that machine tool companies have of 
dealing d irectly with the government . 

• Research and development . Chapter 2 of th is r epor t 
pointed out the low levels of R&D spending in the u . s .  
mach ine tool industry . This chapter has identified four 
aspects of the DOD/pr ime contractor/suppl ier relationshi p  
that have helped perpetuate th is s i tuation . 

• Industr ial base responsiveness , and stoc kpi l ing . 
An analys is of mach ine tool r equ irements for produc ing 
major weapons systems at surge/mobil ization levels i s  
c lear ly beyond the scope o f  this study . However , the 
wor k that has been done confirms ( 1 )  that peacet ime 
levels of mach ine tool inventor ies are not suffic ient 
alone to meet surge and mobil ization needs , ( 2 )  that i t  
i s  unlikely that suf f ic ient congress ional appropr iat ions 
will be passed in the near future to br ing the DOD ' s  
mach ine tool inventory up to r easonable s tandards of 
e i ther modernity or surge/mobilization readiness , and ( 3 ) 
that cur rent stockpil ing practices have r esulted in the 
ma intenance of old and at least par tly obsolescent 
equ ipmen t .  

The Committee points out , however , that the Depar tment 
of Defense can exer t a power ful influence within the 
mach ine tool industry by mak ing a mar ket for new tech­
nology , as it did in the case of numer ical controls . 
This would requ ire changes not only in stockpil ing 
procedures , but also in the patterns of manufactur ing R& D 
and in procurement procedures wh ich sometimes leave the 

government with expens ive , obsolete equipment .  
The picture of DOD-pr ime-suppl ier r elationships that 

emerges from interviews and the published l i terature i s  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

U . S .  M a c h i n e  T o o l  I n d u s t r y  a n d  t h e  D e f e n s e  I n d u s t r i a l  B a s e
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 5 2 4

http://www.nap.edu/catalog.php?record_id=19524


8 1  

on e  of a traditional structure that presently does no t  
serve e i ther the government o r  the aachine tool industry 
par ticularly well.  Progress in �roving these 
r elationships has been slow and isolated , which has 
contr ibuted to defic ienc ies in the coapetitiveness of th e 
domestic industry. 
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Force Manufactur ing Technology, National Acada.y 
Press , 198 1 .  

5 .  APSC Headquar ters ,  Payoff 8 0 ,  p. 2 5 .  

6 .  Testimony of Richard P .  Bodine , President , Th e 
Bod ine Corporation , before the Subcommi ttee on 
Economic Stabil ization , Commi ttee on Bank ing , 
Finance and Urban Affair s ,  u . s .  House of 
Representatives , May 19 , 198 1 .  

7 .  Aerospace I ndustr ies Assoc iation ,  Meet ing Technology 
and Manpower Needs Through the Industry/un iversity 
I nter face , 198 3 .  

8 .  Testimony of Richard T. Lindgren ,  President and 
Chief Executive Off icer , Cross & Trecker 
Corpor at ion , before the International Trade 
Commiss ion ,  June 28 , 1983 , p .  2 r  Testimony of 
M ichael w. Davis , President , White-Sundstrand 
Mach ine �1 Company , before the I nternational Trad e 
Commission , June 2 8 ,  1983 , p . 6 .  

9 .  FOr example , i n  its May 1983 issue , Amer ican 
Mach inist r epor ted on a full-scale PMS bu ilt by 
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Cross & Trecker that became • fully operational [ i n 
May] cutting aircraft and missile par ts•  for Hughes 
Aircraft Company . The ar ticle reports that Hughes • 
•management mandated that the most modern ,  
state-of-the-ar t equ ipment would b e  provided • and 
that although •Hughes has no ' buy-Amer ican • policy , 
• • •  all bidders were u . s .  f irms • (pp. 109-11) .  

1 0 . The May 1983 issue of Metalwor k ing Engineer ing & 
Marketing repor ts MITI ' s  conclusions that the 
product technology ach ievement level of Japanese 
mach ining centers and the production technology 
ach ievement level of Japanese package software are 
substantially infer ior to those achieved in the 
Un i ted States . Spec ifically , MITI concluded that 
•Japan [ ' s  mach ining centers are] cons iderably beh ind 
the u .s • • • •  in spindle speeds , maximum allowable 
torque , ma in motor output and cutting effic iency • 

• • In precision mach inery technology , • • •  Japan 
is behind the u.s. and West Germany . Japan is also 
beh ind the u.s. in design technology , where the u . s .  
i s pour ing effor t into CAD/CAM. • The article 
suggests that • [ t] he reason for the large gap [ in 
mach ining center technology] is that Japan 
concentrates on popular general machining centers 
featur ing economy , while the u . s .  and West Germany 
concentrate on spec ial h igh per formance mach in ing 
center s for aircraft and the l ike • (pp . 7 6-8 3)  • 

1 1 .  Amer ican Metal Mar ket , July 11 , 1983 , p. llA r  
Statement o f  El i s. Lustgar ten , Vice Pres ident , 
Paine Webber Mitchell Hutchins before Subcommittee 
on Economic Stabil ization of House Commi ttee on 
Bank ing , Finance and Urban Affair s ,  July 2 6 ,  1983 , 
p .  1 8 .  

1 2 .  Amer ican Metal Mar ket , July 11 , 19 8 3 ,  p .  llA.  

13.  •petition , • pp . 221-7 r Supplement to Peti t ion , 
August 3 0 ,  1983 , pp . 25-40 . 

14 . Depar tment of the Treasury ,  Survey of Offse t 
Coproduction R!qUirements (1983 ) . 
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1 5 .  General Dynamics ,  Land Systems Division ,  Ml/M60 Tank 
Systems Industr ial ization Preparedness Mobil ization 
Study , Final Repor t (June 1982) . Vol I ,  p .  4 .  

1 6 .  Rq u.s. Army Armament Mater iel Readiness command , 
Industr ial Base Respons iveness Study for Howitzer , 
Med ium, Self-Propelled lSSmm, Ml09A2 (May , 197 8) . 

17 . General Dynamics , op . c i t . , p. 2 .  
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4 PROBLEM SYN'l'BBSIS AND RECOMMENDATIONS 

PROBLEM SYN'l'BBSIS 

What i s  Happening to the u. s .  Mach ine �1 I ndustry? 

The u . s .  mach ine tool industry , once the most productive 
and technolog ically advanced in the wor ld , has lost a 
substantial propor tion of i ts domestic mar ket to fore ign 
impor ts . u. s .  mach ine tool bu i lder s ar e under consider­
able pressure from Japanese mach ine tool products , which 
some cons ider to have incorpor ated super ior technology . 
At a t ime when a severe recess ion has eroded and somet imes 
erased profi t  marg ins , rapidly chang ing manufactur ing 
technology has created new urgency for plant modern iza­
tion and investment in R&D in the mach ine tool industry 
i tself . I n  addi tion , many customers of u . s .  and foreign 
mach ine tool bu i lder s bel ieve that the Japanese have 
i nvested more than the United States has in developing an 
effective wor ld mar keting and servic ing networ k .  

Compounding the s i tuation faced by the tradit ional 
u. s .  mach ine tool industry is th is Committee ' s  observa­
t ion that the very bus iness of sell ing stand-alone tools 
that cut , form , and shape mater ial in product ion processe s 
has changed radically .  As discussed in Chapter 2 ,  
manufactur ing process improvement needs today ar e being 
met by a group of suppl iers of computer and systems 
technolog ies in addi tion to the bu ilder s of the mach ine 
tools themselves . 

Because the technology is chang ing so rapidly and 
customer needs ar e increas ingly difficul t to meet , th e 
problems faced by tradit ional u . s .  mach ine tool bu i lder s 
are exacerbated . For instance , order-backlog managemen t 
will not substi tute for str engthening efforts to identi fy 
and meet customer needs . 

84 
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Bven the more trad itional economic forces i n  th i s  
i ndustry are unlikely to r ever se the situation . His­
tor ically mach ine tool order s lag the bus iness cycle , bu t 
because mar ket penetration by for e ign compet i tion seems 
to be her e to stay , the competi t ive c l imate faced by u.s. 
mach ine tool bui lders is unlikely to improve even if the 
cur rent bus iness recovery should prove to be a susta ined 
one . 

How Did the Industry Get This Way? 

In every advanced industr ial country , ther e ar e now 
intense pressures to take a global view of sources of 
mater ials , production fac i l i t ies , and par ticular ly 
mar kets , in order to compete successfully . This global­
ization of bus iness has already taken place in such bas ic 
industr ies as computer s ,  telecommun ications , stee l ,  and 
commerc ial a ircraft . The machine tool industry also 
appear s  to be subj ect to these same forces , wh ich are fed 
by the mor e rapid di ffus ion of technology , chang ing 
economies of scale induced by new automated product ion 
techn iques , lower ing of transpor t and communicat ion s 
costs , and a narrowing of income d iffer ences between the 
United States and other industr ialized compet itor s .  

The u.s. mach ine tool industry i s  being forced to 
adj ust to these far-reach ing developments because its 
trad i t ional practices are ill-suited to the present day . 
Unl ike the i r  Japanese competitor s ,  most u.s .  mach ine tool 
builder s  have managed bus iness cycle swings by accumu­
lat ing backlogs rather than expanding capac ity and 
mar ket ing . Although the machine tool industry ' s  
prof itability had been healthy from 1974- 1981 , its 
capital investment for modern ization has been relatively 
low . It is  los ing mar ket shar e to an industry in a 
country ,  Japan , that has lower wage and compensat ion 
levels , lower interest rates , and a form of government­
i ndustry cooperation that is geared to an • expor t-or­
per ish •  economy . 

The users of mach ine tools have also influenced the 
s tatus of the u.s. mach ine tool industry today . I n  som e 
mach ine tool categor ies , penetration of the u.s.  mar ket 
by foreign firms has been poss ible because fore ign 
mach ine tool bu ilder s ga ined impor tant exper ience with 
very soph isticated domest ic user s .  With the poss ible 
except ion of some manufacturer s in the u. s .  aerospace , 
farm equipment , and off-road-veh icle industr ies , there 
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ar e no u . s .  manufacturers with installed processes of the 
technolog ical sophistication that can be found in west 
Germany and Japan . The largest u . s .  market for mach ine 
tools , u . s .  automobi le manufacturer s ,  has not unti l  
recently been a strong ar ticulator o f  demand for high 
levels of manufactur ing technology . 

Although the above paragraphs descr ibe tradit iona l 
u . s . mach ine tool bu i lder s  in general , leaders with in 
that industry have acted and are acting to meet new 
mar ket r ealities . This repor t has shown that the r esponse 
to new competitive cond i tions has been widespread and 
var ied . Cost-cutting ( including relocation of manufac­
tur ing fac i l ities over seas) , mergers ,  joint ventures , 
d iver s i f icat ion into new technolog ies , more R&D spending , 
and even a bas ic reor ientat ion of bus iness strategy have 
been documented . In addi tion , as th is r epor t descr ibes 
in Chapter 2 ,  the structur e of the machine tool industry 
is  chang ing s igni f icantly . The industry is being 
augmented by an increas ing number of u . s .  manufacturer s 
offer ing produc ts that are becoming an integral par t of 
new manufactur ing process technologies . 

What are DOD ' s  I nterests 
Regard ing the u. s .  Mach ine TOol I ndustr y? 

This repor t has ident if ied three levels of DOD interest 
and concern with regard to the mach ine tool industry : 

1 .  Access to state-of-the-Art Technology .  T he  DOD is 
answerable both to its miss ion of national secur i ty ,  and 
to interested par ties such as the u . s .  Congress , for 
maximiz ing the reliability ,  effectiveness , and economy o f  
i ts equ ipment and mater iel . This requ ires machine tools 
and systems of the broadest ,  latest , and h ighest 
capabi l i ty . 

2 .  Cost-Effect ive , EXpandable Product ion . The same 
cons ider ations also r equire that cost -effect ive 
production be read i ly expandable and susta inable dur ing 
per iods of potential supply-l ine disruption . 

3 . Health of the Economy. Because investment in more 
effic ient product ion--including defense production--is  
more l ikely to take place dur ing per iods of h igh levels 
of economic act ivi ty ,  the DOD is concerned about the 
health of the economy and of the manufactur ing sector . 
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The Commi ttee found that these DOD concerns and 
i nterests will be best satisfied when three cond itions 
ar e be ing me t :  

1 .  The most appropr iate , up-to-date production 
technology is be ing widely used in the domestic 
i ndustr ial base , in both pr ime and second-tier 
contrac tor s ,  

2 .  The use o f  new technology extends beyond the 
defense sector , at least to those par ts of the c ivilian 
sector that might be expected to be diver ted to 
suppor t ing military production dur ing war time r and 

3 . The str ateg ic industr ies that face rapid 
technolog ical change ar e also keeping up with the state 
o f  the art and ma inta in ing a sound f inanc ial pos ition .  

While several pr ime defense contr actor s are wor k ing 
w ith lead ing edge manufactur ing technolog ies , the 
Committee is concerned that advanced manufactur ing 
technology is not as widely appl ied in this country as in 
Japan and western Europe . Wh ile some of the wor ld ' s bes t 
product ion technology can be purchased in th is country ,  
and wh ile delivery times o f  u . s .  mach ine tools have 
become more competitive recently , many domestic mach ine 
tool user s bel ieve that Amer ican mach ine tool firms ar e 
not sat isfy ing demands with regard to pr ice and 
rel iability as well as some Japanese suppl iers . 

What are DOD ' s  Pol icy Opt ions , Lever s ,  and constr aints? 

Although DOD cannot alone galvan ize the machine tool 
i ndustry , the Committee is impressed with the influence 
that the DOD can have in advanc ing the development and 
appl ication of state-of-the-art product ion technology . 
Although the s ize of the direct DOD demand for mach ine 
tools is small in volume relative to mach ine tool sales 
nat ionwide , the DOD- induced demand for mach ine tools i s  
large , and the r ange o f  DOD equ ipment and mater iel needs 
i s  so wide as to requ ire vir tually every form of manufac­
ture in use in the country.  Therefore ,  DOD can , through 
procurement spec i f icat ions , affect the standards of 
product ion that are used . 

I n  shor t ,  DOD i s  at least par t ially in a pos ition to 
ensure that its own interests and concerns vi s-a-vis the 
machine tool industry can be satisf ied . It is perhaps 
the only federal agency so well pos itioned . 
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The Committee bel ieves that technolog ical leader ship , 
involving not only the ability to per form state-of-the-ar t 
sc ienti f ic research but also the ability to apply and 
incorpor ate it economically into commercial products and 
processes , will determine the competitive success of the 
domestic machine tool industry in the g lobal mar ketplace 
and will , therefore , be cr itical to its continu ing health . 
As noted above , th is leadership is a function of both the 
bu i lder s and user s of mach ine tools . DOD can do much to 
s timulate and encourage u . s .  bu ilder s  toward dec is ive 
technolog ical leader sh ip in key aspects of manufactur ing 
sciences . 

T he pol icy tools ava i lable to government r ange from 
grants and subs id ies , to regulat ions directly affect ing 
an industry , to other policies des igned to provide the 
cond i t ions that encourage cer tain des ired activities . I n  
the case o f  the Depar tment o f  Defense , the most d irect 
influence that can be brought to bear upon the machine 
tool industry is through procur ement . Add itionally ,  DOD 
can substantially influence the long-term health of the 
industry by suppor ting industry-wide efforts to fill  two 
of its pr ime needs : better research in manufac tur ing 
technology , and a knowledgeable customer for the 
resulting process technology . 

In cons ider ing the range of poss ible act ions , the 
Committee emphas izes that the current s i tuat ion is no t 
subj ect to a •qu ick f ix . • On the contrary , the only 
val id solut ion is one that prepares an already d ivers e  
industry for a cl imate o f  continu ing rapid technolog ical 
advance and strong foreign competition in domestic and 
wor ld mar kets well into the futur e .  Add itionally , the 
f inanc ial cond ition of many mach ine tool bu i lder s 
militates in favor of a mix of measures hav ing immed iate 
as well as long-term impact .  Anything shor t of a 
comprehens ive package , the Committee bel ieves , could 
prevent the u . s .  mach ine tool industry from cont inu ing 
i ts adj ustment to new competit ive condit ions and 
strengthen the case for emergency measures in the futur e . 

RECOMMENDATIONS 

The following recommendat ions numbered in order o f  
pr ior ity fall into categor ies of act ion open t o  the three 
key par t ic ipants : DOD J par ties outs ide DOD ' s  direct 
j ur isdict ion but with in i ts power to influence , such as 
pr ime contractor s and other government agenc ies r  and u . s .  
mach ine tool builder s .  
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Recommendat ions for DOD 

1 .  Modernize the Defense Industr ial Base 

Ther e is  considerable evidence that contracts for 
advanced weapons systems are often under taken today using 
manufactur ing technology that is  20  to 3 0 years old . AS 
a result , not only do these weapons systems have costs 
that could be avoided , but the country loses oppor tunities 
to pioneer in new production technology having a large 
potent ial impact on the economy . 

TO a d isturbing extent , the Oomaittee believes , the 
t echnology lag in defense contracting r eflects short­
comings in the contracting process i tself . AS explained 
in Chapter 3 ,  there are too few incentives built into the 
process to encourage widespread modernization in defense­
r elated product ion . 

One hopeful s ign is that DOD has in place programs 
that could , i f  g iven suff ic ient pr ior ity within the 
Department , make substant ial progr ess . The new 
Industr ial Modernizat ion Incentives Prograa ( IMIP) , and 
DOD ' s  ManTech and TechMod ( inc luding the Ar.y ' s  IPI) 
prograas have the potent ial of speeding the t.plemen­
tat ion of new manufactur ing technology . 

Act ion : DOD should d isplay a greater commitment to 
the a ims of its manufactur ing produc t ivity incentives 
programs . The IMIP (as the successor to the TechMod and 
I PI progr ams) and ManTech programs should r ece ive 
increased and stable funding . 

2 .  Stress Productivity Improvement Incentives 

The DOD r ecogni zes the value of plant-wide technology 
improvement through its TechMod Program. Applications of 
TechMod funds , however , are both extremely l imited and 
conf ined generally to pr ime defense contractor s ,  l inked 
as they are to spec i f ic weapons programs . The expans ion 
of the TechMod concept , and the inclus ion of the mach ine 
tool builder s  themselves as potential r ec ipients for 
program funds , would be an eff ic ient way of support ing 
the viability of the domestic industry through R&D. 

Action : DOD should create productiv i ty improvemen t 
i ncentives with in the mach ine tool industry in the form 
of a TechMod program for mach ine tool bu i lder s that sell 
to the defense industry and to the DOD i tsel f .  
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3. S implify Contracting Procedures 

Ther e have been numerous instances where firms ,  
including mach ine tool firms ,  have deliberately avoide d 
oppor tuni t ies to b id on government contracts or apply for 
government grants because of the complexities of con­
tracting procedures . Such a s ituation depr ives the 
taxpayer both of greater competition in government 
contracting and of the savings from reduced bureaucrat ic 
requ i rements . 

A reasonable goal in dealings with pr ivate fi rms should 
be to take no more time in the contracting process for 
par ticular i tems than the average time taken in r egular 
non-government bus iness . With regard to mak ing contrac t  
spec ificat ions more real istic , and improv ing disclosure ,  
the procedures used for the recent watervliet Ar senal PMS 
procurement might serve as a model . 

Action : DOD should consult with the National Machin e 
Tool Bu ilders ' Assoc iat ion to establ ish a program encour­
ag ing individual mach ine tool firms to bid directly for 
government contracts . Such a program might concentr ate 
on contract spec i fications ( e . g . , substi tuting performanc e 
or capac ity cr iter ia for des ign spec ificat ion cr iter ia) , 
disclosure ( e . g . , mak ing contract review procedures mor e 
open) , compliance ( e . g . , supplying consult ing services , 
through the NMTBA , on EEO ,  set-as ides , etc . ) ,  and t iming 
( e . g . , stipulating deadlines for reviews and automatic 

approval if no negative finding is for thcoming by a 
spec ific date) . 

4 .  Improve Information Flows 

I f  well informed about avai lable R&D funds , mach ine 
tool companies with the necessary resources and deter ­
mination will welcome the chance to improve their  
technolog ical capabilit ies . I f  better informed abou t 
manufactur ing technolog ies of interest to DOD , contrac­
tor s as well as suppl ier s can r espond with more 
aggress ive effor ts at plant modernization . 

These informat ion flows are espec ially impor tant g ive n 
the u . s .  mach ine tool industry ' s  present relatively 
fragmented structure . As a rule , only the largest 
mach ine tool f irms have been able to ma inta in the close 
relations with un iversity eng ineer ing depar tments , and 
separate R&D divisions , wh ich are needed to ma intain a 
technolog ical edge .  
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Action : Establ ish , in conj unction with the u . s .  
aach ine tool industry , one or aore joint , industry-wide 
research center s .  

Equ ip DOD research centers to make a aore aggress ive 
effort to make manufactur ing technology information 
available d irectly to potential adopters . Involve 
potential adopter s in the RiD contract award process . 

TO incr ease awareness of ManTech and TechMod activ ities 
among process and equ ipment suppl iers , hold r egular 
br iefings for supplier s of equipment to acquaint them 
with the wor k ings of ManTech and TechMod . 

Hold process technology forecasting sessions with key 
individual interest groups (PMS suppl ier s ,  near net shape 
supplier s ,  etc . ) to shar e with them DOD experts • assess-
8ents of related developments tak ing place in pr imes that 
are sponsored by contract R&D money . 

5 .  Require Long-term Product ion Equipment Maintenanc e 
Guarantees 

In many cases , one cannot think of • f ix ing •  a mach ine 
in the old sense of the word r • r epa i r •  has today , in many 
c ases , become the installation of a h ighly complex c ircu it  
board or an electric component made solely by a manufac ­
turer under h igh ly controlled c i rcumstances . Such con­
d i tions obviously present enormous challenges even for 
domestic manufacturers in peacetime , but for overseas 
resources under war time conditions , such challenges may 
be beyond the meeting .  

Action : In defense contracts , require that con­
tractor s be able to ma inta in the production equipment fo r 
f ive year s even if supply l ines are disrupted . Continued 
product ion could be guaranteed e i ther by having suff ic ient 
parts inventory in the continental United States or by 
having the abi lity to replicate the equ ipment . 

6 .  Study Effects of Consol idation , Acquisitions , and 
Joint Ventures 

The Committee ' s  interest in consol idations , 
acqu isitions , and joint ventures i s  twofold . First , 
s ever al countr ies have adopted policies permitting joint 
activity that , if engaged in by u.s. compan ies , would 
appear contrary to the intent of the u . s .  anti trust 
laws . Such policies place Amer ican mach ine tool manu-
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fac turer s at a compet i tive d isadvantage . The nation and 
i ts lawmaker s may have to relax their fear s of greater 
s ize and concentrat ion of , and coord inat ion among ,  
domestic companies in r ecognition that many u . s .  products , 
including machine tools , now compete in a wor ld market . 

Second , the restructur ing of the mach ine tool industry 
has , in some instances , involved the purchase of firms by 
holding companies or conglomerates . Such developments 
could adversely affect investment in u . s . machine too l 
production fac i l i ties and their ability to respond to 
De fense Depar tment requ irements . 

Act ion : DOD should commission a study of recent 
consol idat ions , acqu i s i t ions , and joint ventures with i n  
the mach ine tool industry , with the aim o f  determining 
whether ( 1 )  such actions strengthen or weaken machine 
tool product ion in this country , and (2) foreign firas 
ar e tak ing advantage of the relative freedom af forded by 
their  laws to gain a competitive edge . Where concerns 
are war ranted , DOD should present the information to 
r elevant Execut ive and Leg islative branch agenc ies . 

Each of the above r ecommendat ions var ies cons iderably 
in magnitude of effor t and resources . The Committee ' s  
del iberations , however , wer e based on the assumption tha t 
the oppor tunities for manufactur ing productivity benefits 
occur each time the DOD procures weapons , equipment , 
munit ions , or spare par ts . The DOD ' s  procurement budget 
for fiscal year 1982 was $64 . 1  billion .  In add i tion , DOD 
and the three services administer revolving and management 
funds , some of wh ich ( e . g . , DOD stock funds) carry a 
large procurement quotient . In f iscal year 1984 , outlays 
from these combined funds will exceed $100 bill ion . 

Savings brought about by increases in manufactur ing 
efficiency can have a compound effect , both from the 
accumulat ion of productivity gains and the compound 
sav ings on interest costs . A one percent produc t ivity 
gain in the DOD ' s  procurement in fiscal year 1984 alone 
could , i f  i t  became the base for a new level of 
produc t ivity ,  save the Depar tment $2 bill ion in 1990 , 
with cumulative sav ings over the seven year s 1984-1990 o f  
more than $14 billion .  

While these gross totals depend upon assumpt ions about 
interest rates and increases in procurement spending 
which may or may not come about , i t  never theless g ives a 
rough estimate of the large sav ings that can result from 
productivity gains , and g ives some measure of the 
resources that can j ustifiably be devoted to this  effor t . 
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Beyond this  general level of effor t ,  the Commi tte e  
f elt that attempt ing to develop useful measures o f  costs 
and benefits related to each recommendation was a task 
well beyond their ability and resources because of the 
huge var iety of technolog ies and appl ications involved . 
Meaningful estimates with acceptable levels of confidence 
would require large volumes of exper ience data spec i f ic 
to each appl ication . Even then the benefits of applying 
t.provements in manufactur ing technology ar e often 
d i f f icult to quantify at ear ly stages of the technology ' s  
development .  

Another impor tant fa i ling o f  cost-benef i t  analys is in 
thi s  context deserves spec ial mention . The Commi ttee 
believes that where long-term cons iderations are 
paramount , reliance on cost-benef i t  analysi s  can be  
self-defeat ing . Per example , the dollar costs and 
benefits of becoming internat ionally compe t i t ive in 
mach ine tool product ion are difficult to quantify with 
any degree of cer tainty r yet such competitiveness i s  
c entral to many o f  the concerns o f  th is repor t .  Indeed , 
the Committee believes that preoccupation with short -term 
cost-benefit  analys is , to the exclus ion of impor tant 
strategic considerations such as the setting of long 
r ange goals concerning output and mar ket share , has 
brough t many u . s .  f irms to the point wher e they have los t 
s ubstantial ground to fore ign competitor s .  The question 
to ask is the cost of not staying internationally 
competitive . 

---

Recommendat ions for Agenc ies with Wh ich DOD 
Has Frequent Contact 

The analys is in the body of th is repor t indicates that 
the u . s .  mach ine tool industry has been harmed as much by 
domestic economic polic ies as by the act ions of fore ign 
competitor s .  Changes in the bus iness cycle have had a 
mar ked effect on levels of capital investment , R&D , 
sales , and prof i tabili ty--poss ibly more so than in othe r 
i ndustry sectors .  Mach ine tool orders are a • lagg ing "  
economic ind icator , and thi s  means that the industry 
n eeds a sustained economic recovery in order to r egain a 
solid equi l ibr ium. The Commi ttee believes that a healthy 
macro-economy that provides continuous growth over 
several year s could be the most s ign i f icant s ingle 
c ontr ibutor to a healthy domestic mach ine tool industr y .  
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1 .  Ra ise the Profile in the Adminis tration and th e 
congress of DOD Programs That Promote Advanced 
Manufactur ing Technologies 

The evident concern in Congress with manufactur ing 
productivity generally does not appear to be matched by 
efforts to generate appropr iations for progr ams , such as 
ManTech and TechMod , which would promote manufac tur ing 
technology from a depar tmental level . The Congress needs 
to focus attention on programs such as these , which hold 
some promise for solving in a pract ical way the problems 

of manufactur ing technology lags in u. s .  factor ies . 
Act ion : Congress should appropr iate addit ional funds 

for ManTech , TechMod , and similar prog rams as separate 
l ine items in the defense appropr iations budget . 

2 .  Bu ild a Program to Promote Mach ine TOol Expor t s  

The Committee bel ieves that par t ic ipat ion by the u . s .  
mach ine tool bu ilder s i n  wor ld markets i s  essential both 
for the economic return and to ensure full awareness of 
foreign technolog ical developments , produc t ivity ,  and 
costs . In other words the global mach ine tool mar ket is 
a real i ty in wh ich u . s .  firms must par ticipate in orde r 
to ensure competitive effect iveness in domestic markets 
as well as to expand thei r  sales potent ials . 

I n  add ition , u . s .  pol icy makers must recognize the 
mobi l ity of technology . Restr ict ions on u . s .  expor ts fo r 
some mach ine tool technology in an effort to prevent i ts 
use by Eastern Bloc countr ies is  apparently not com­
p letely effective because of fore ign ava ilability .  

Action : The Depar tment o f  Commerce should cooperat e 
w i th the u . s .  mach ine tool industry to mount a mach ine 
tool expor t promotion program utiliz ing the resources o f  
the u . s .  fore ign-based Consular Corps to identify mar ket 
oppor tunities and help u . s .  manufacturers gain access to 
those oppor tunities . This effort would include estab­
lish ing mar ket controls , providing ass istance in proposa l 
preparation , and , where appropr iate , fac i l i tating 
OVerseas Pr ivate I nvestment Corporation (OPIC) financ ing . 

In add ition , the government should reduce barr iers to 
the expor t of machine tools to Eastern Bloc countr ies i n  
cases where those countr ies have access to the same tech­
nology from other sources . u . s .  machine tool bui lder s 
should be able to expor t the same types of equipment to 
the Eastern Bloc that other western countr ies are 
expor ting to them. 
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3. Br ing Machine TOol Industry Considerat ions Into Othe r 
Depar tmental Progr ams 

S everal federal agenc ies already have task forces 
look ing at the problems of the u . s .  mach ine tool industry . 
There is no evidence , however , that existing federal 
programs for technology development have focused on th e 
economics of the machine tool bus iness itself . 

Act ion : The Administration should inventory the array 
of federal programs that are aimed at the problems of 
manufactur ing productivity ,  with the goal of gaining 
better coordinat ion among programs and s implifying the 
process of obtaining federal ass istance . 

Recommendations for Mach ine TOol Industry 

The Committee recommends that the convent ional machine 
tool industry look beyond government trade pol icy for 
solut ions to its fundamental problems . To be compet itive 
i n  today • s  marketplace , now g lobal in nature , mach ine 
tool companies will have to modernize thei r  production 
f ac il ities as well as stay abreast of advanced tech­
nolog ies in the ir produc t  designs . They should also 
r ecognize that Amer ican purchaser s  of mach ine tools today 
have begun to cons ider fore ign suppliers very ser iously 
for more r easons than the ir lower cost.  The Amer ican 
mach ine tool industry should combat the reputation some 
companies have built for hav ing a reluctance to be 
responsive to user preference in mach ine design and 
systems , a slow delivery record , and insufficient service . 

The chang ing technology will place increas ing value on 
a full product suppor t or ientation as the bas is for 
competit ion . Th is suppor t would include customer educa­
t ion , needs analys is , appl ications eng ineer ing , and 
s imulation , greater efforts at competing on the bas is  o f  
quality J  and more aggress ive service suppor t .  The 
industry should real ize that many of the problems tha t 
beset i t  are the same as several other u . s .  industr ies 
face . As the industry itself has recogn ized , many 
solut ions must come largely from the mach ine tool 
industry i tself J some must be implemented on a n  
i nd iv idual f irm bas i s . 

1 .  More aggressive appl ication of advanced equ ipment 
a nd processes in mach ine tool production . These s teps 
are needed to improve product reliab i l i ty ,  to r educ e 
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costs , and perhaps j us t  as impor tant , to gain first-hand 
famil iar i ty with modern production methods . 

2 . A mor e act ive search for new technology . Th i s  
would include taking advantage of access to information 
available from DOD , and mak ing aggress ive efforts to wor k 
w i th pr ime contractor s in areas of new technology that 
they have identified as impor tant as wel l  as keeping up 
w i th offshore technological advances . 

3 .  A gr eater will ingness to invest in long-term 
competitive strateg ies rather than responding only to 
shor t-term economic cons iderations . The Japanese f irms 
that are successful in this  country have made their mar k 
by responding imag inatively to customer needs with largely 
standard prOducts . The new competitive real i ties demand 
that u . s .  f i rms must do no less . 

4 .  A new acceptance of joint R&D effor ts . Th is would 
ass ist in developing a domestic research capability for 
nur tur ing advanced product ion technology in the mid- 1980 s 
and beyond . 

5 .  A more extensive information program. The NM'1'BA 
should mount a major program to inform mach ine tool 
members of the availability of funds and DOD interest in 
upgrad ing the machine tool base in the United S tates . 

I t  i s  par t icular ly appropr iate that the u . s .  mach ine 
tool bui lder s maximize the value of the curr ent per iod o f  
cooperation with in the industry for more acting upon real 
operational issues (e . g . , labor relations , investment , 
R&D) , which lend themselves to joint effor ts . The 
industry should take thi s  oppor tunity to set for itsel f 
challeng ing objectives whose attainment will achieve the 
wor ldwide competitiveness that is necessary . The 
challenge facing the industry is to persist with such an 
agenda unt i l  its obj ec t ives are r ealized . 

CONCLUSION 

The u . s .  machine tool industry d i splays the character ­
i stics of a mature industry fac ing pressures to undergo 
fundamental change . The proper response of government to 
such change is  twofold : 

1 .  The government should cont inue to aid technological 
progress and the posi t ive restructur ing in the industry .  
This may mean that from t ime to t ime the government will 
have to look into means to overcome the comparative 

Copyright © National Academy of Sciences. All rights reserved.

U.S. Machine Tool Industry and the Defense Industrial Base
http://www.nap.edu/catalog.php?record_id=19524

http://www.nap.edu/catalog.php?record_id=19524


97 

advantages of fore ign producer s wher e  attr ibutable to 
h idden subsidies such as anti trust concess ions and low 
interest rates g ive the foreign competitor an advantage . 

2 . The government should seek to work more directly 
with mach ine tool bui lder s to clar ify its policy of 
promoting rationalization and i ts intention to ass ist 
firms that are will ing to adapt to the real i t ies of th e 
marketplace . 

The r ealities of the internat ional mar ketplace , seen 
from government standpoint , suggest that the u. s .  govern ­
ment cannot wash i ts hands of the industry ' s  concer ns .  
Indeed , several government agenc ies , inc lud ing th� 
Depar tment of Defense , the Depar tment of Commerce , the 
International Trade Commission ,  and the Export-Impor t 
Bank , have planned initiatives a imed at developing more 
effective polic ies for the u.s. mach ine tool industry .  

Free market economics , however , assumes that most 
problems are not amenable to government- imposed solut ions . 
Sometimes resolution of the problem depends upon chang ing 
the attitudes and practices with in industr ies suddenly 
faced with r apid change . The surveys conducted for th is 
repor t turned up such a pattern among both mach ine tool 
builders  and user s .  The challenge facing pol icy-makers 
today is  to identify those measures which demand govern­
ment act ion , and those which are best left to the 
industry .  

I n  terms o f  th is repor t ,  the most relevant reason for 
action is s imply one of our own national defense . But 
s uch an effort will also help improve our whole nat ional 
productivity and cannot be neglected e i ther . The 
Commi ttee bel ieves that that argument will come to be of 
far greater impor tance to th is country than any defense 
argument . 
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APPENDIX A 
HIGHLIGHTS OP PRASE I S'l'ODY 

Defense Needs and the Mach ine TOOl I ndustr y 

I n  a national secur ity emergency , the availab i l i ty of 
production capac ity to meet • surge • or •mobil i zation• 
r equirements is c r i t ical , mach ine tools are an important 
component of that capac ity .  Several recent reviews have 
examined the Defense Depar tment ' s  mach ine tool reserve 
and found much of it  to be obsolete . S imi lar ly , they 
have cons idered the domestic mach ine tool industry ' s  
abil i ty to expand capac ity and output rapidly and j udged 
it  to be inadequate . 

I n  view of the long lead t imes character istic of 
mach ine tool des ign , production , and del ivery , a larg e 
i ncrease in output would require a substantial investment 
and take several year s to ach ieve . At a time of f inanc ial 
constraints on present weapons systems procurement 
programs , investment in creat ing and ma inta in ing extr a 
mach ine tool capac i ty to meet emergencies is h ighly 
unl ikely .  Therefore , it is par t icularly impor tant tha t 
the Depar tment of Defense carry out mobilization plann ing 
in consultation with mach ine tool manufacturers and 
user s .  Such plann ing should concentrate on maintaining 
existing machines in operation by ensur ing the supply of 
spare parts , identi fying cr itical equ ipment and i ts 
sources , and provid ing for the conver s ion of c ivilian 
machine tool product ion capac i ty to mil i tary appl ications . 
The issue of self-sufficiency ver sus reliance on foreign 
sources should also be confronted . 

Because of its impor tant bear ing on productivity , 
production rates , and cost containment , modernization of 
the DOD and contractor-owned mach ine tool inventory is a 
c r i tical element of the defense industr ial base r evital­
izat ion strategy called for by the Defense Sc ience Board , 
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the House Armed Serv ices Committee , and others .  Such a 

program would take several years to accompl ish . Dur ing 
that per iod , pr esumably , the obj ective would not be to 
s ubstitute 1970s state-of-the-art mach ine tools for 
outdated equ ipment but progressively to advance and 
incorpor ate in defense product ion new manufactur ing 
technolog ies . From the point of view of defense needs a s  
well a s  the competitiveness o f  the u . s .  industry , there­
fore , two types of DOD pol ic ies assume maj or importance-­
procurement pol icies and programs of technology develop­
ment , innovat ion , and d i ffusion . 

Previous repor ts on the defense industr ial base have 
expressed var ious concerns about DOD procurement practice s 
par ticular ly relevant to the mach ine tool industry ' s  

response to the need for modernization .  First , the 
policy of cost-plus reimbur sement is said to d iscourage 
contractor s •  investment in more effic ient plant and 
equ ipment .  Second , Cost Accounting Standard (CAS) 409 , 
requir ing deprec iat ion of contractor s •  tang ible assets to 
be based on the ir  h istor ical or economical useful l ives , 
may prevent full cost recovery in an inflat ionary per iod 
and thus impede replacement of outdated assets with 
effic ient equ ipment . At the least , CAS 409 imposes a 
s ubstantial r ecordkeeping burden on contractor s ,  however , 
the recent el imination of the Cost Account ing Standards 
Board leaves no cur rent mechan ism for its revis ion . 
Th ird , var ious restr ict ions l imit the use of mult iyea r 
contr acting , wh ich is widely bel ieved to offer maximum 

economies and encourage par t ic ipation in defense 
procurement , not least by producer s  in industr ies that , 
l ike the machine tool industry , are character ized by 
sharp fluctuations in c ivil ian demand . 

DOD manufactur ing technology programs have been 
c r itic i zed ,  not as impediments to innovat ion , but as 
inadequate and , in some c ircumstances , ineffect ive . Th e 
success of the Air Force in developing and promoting the 
use of numer ically controlled (NC)  mach ine tools in the 
1950s has not been repeated . Independent research and 
development ( IR&D) funds are rarely ava i lable to second­
and third-tier contr actor s .  The Manufactur ing Technology 
program has been funded at levels far below those r ecom­
mended by the Defense Sc ience Boar d ,  among other s .  
Generally , manu factur ing technology development and 
i nnovat ion must compete for a shar e of the procurement 
budget where the acqu isition of f inished products has fa r 
h igher pr ior ity .  
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The Manufactur ing �hnology prograa sponsor s gener ic 
technology in hopes that it will be widely transferred . 
The Technology Modernization prograa prov ides funding to 
address spec i fic problems in par ticular plants . The 
panel-dr ill ing robot at General Dynaaics in Ft . wor th , 
where the �hnology Modernization investment i s  expected 
to have a f ive-to-one payback , is often pointed to as an 
example of the prograa ' s  success . It  is  a successful 
example of stimulating the application rather than the 
development of technology , however , because most of the 

technology appl ied by General Dynamics under the program 
was already available .  

Th e  Domestic Mach ine TOOl Industry 

The Phase I commi ttee was consti tuted to identi fy th e 
i ssues that must be raised in a more comprehens ive study 
of the industry ' s  potential contr ibution to the needs of  
the u . s .  Depar tmemt of Defense , and to plan such a study 
i n  outline . I n  carrying out this  charge , however , the 
committee has made a set of tentative j udgments , on the 
basis of its members • reading and discussion and the i r  
exper ience i n  management , bus iness analys is , military 
procurement , and the mach ine tool industry . 

Capi tal I nvestment 

I nadequate access to capital is commonly r aised as the 
mach ine tool industry ' s  fundamental problem . The extreme 
cycl icali ty of the domestic mar ket is surely a factor in 
the tendency of investor s to view u . s .  mach ine tool com­
panies as r isky places to hazard capita l .  Some sources 
c ite the addit ional problem of overconservative manage­
ments reluctant to make needed investments in either 
plant or product development . It is also likely that th e 
many small bus inesses in the mach ine tool industry have 
been hur t by h igh interest rates over the past few years . 

This committee f inds much of th is descr iption plaus­
ible . A domestic financ ial environment more favor able to 
capital investment would presumably ra ise sales of mach ine 
tools and other forming equ ipment . But should the dom­
e st ic industry be unable to compete in technology , 
marketing , and service , such an environment might only 
i ncrease the mar ket for foreign manufacturer s . Effect ive 
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management ,  with the capac ity to grasp new technical and 
mar ket oppor tun ities , is also impor tant . 

Labor 

With its h ighly cycl ical mar ket , the mach ine tool industry 
in the Uni ted States understandably f inds it d i ff icult to 
a ttract and retain skilled craftsmen in numbers necessary 
to meet bus iness peaks . As a result , delivery on order s 
dur ing such per iods is slowed , intens i fying the effects 
of the industry ' s  common practice of carrying heavy orde r 
back logs . When demand is h igh , therefore , many buyer s 
tur n to foreign mach ine tools , which can generally be 
del iver ed much more quickly .  

Capital investment is one solution t o  th i s  potentia l 

shor tage . The adopt ion of new , mor e effic ient manufac­
tur ing technology may well d iminish the r equ irement for 
mach inists , tool-and-die maker s ,  and member s  of other 

highly sk illed occupat ion s .  
Higher wages would presumably g o  far toward attracting 

the necessary personnel . One government study i n  any 
case d isputes the long-term impact of labor shor tages , 
c iting such ind icator s as average weekly overt ime hours , 
quit r ates , and relat ive wages . 

Of more long-term s igni f icance is the industry ' s  
abil ity to attr act the talented eng ineer s ,  designer s ,  and 
manager s who will develop and manufacture the next gen­
erat ions of tools . Experts in cutting and forming 
technology , electron ics , computer ized control systems an d  
their softwar e ,  manufactur ing systems des ign , and mar ket­

ing , among other f ields , will be needed . Some of these 
specialists are cur rently in very heavy demand in •growth • 
industr ies , and i t  may not be so easy to attract them to 
an industty commonly perce ived as heavily cycl ical and 
technolog ically backward . Aga in , competi tive salar ies 
w ill have some effect , as will the challenge of wor k ing 
in an industry with technolog ical and management 
challenges before i t .  

Management 

Some r ecent stud ies propose that the machine tool 

industry ' s  slowness to innovate and lack of aggress ive­
ness in mar ket ing may be due largely to the • fragmented • 
natur e of the industry and the spec ialized ,  nar row 

Copyright © National Academy of Sciences. All rights reserved.

U.S. Machine Tool Industry and the Defense Industrial Base
http://www.nap.edu/catalog.php?record_id=19524

http://www.nap.edu/catalog.php?record_id=19524


w s  

product l ines offered by many o f  the companies . These 
factor s ,  i t  i s  suggested , militate against adequate 
i nvestment in innovation and in some ways favor unsophis ­
t icated management . The Machine TOol Task POrce , for 
example , says , •small bus inesses are typically owned and 
operated by people who were or iginally craftsmen and they 
do not usually employ eng ineer s or other un iver s i ty­
trained people . AS a result,  they are , with some 
outstanding exceptions , nonpar tic ipating member s of th e 
technology-exchanging commun i ty . • Technolog ical change 

in mach ine tools and forming technology , the repor t says , 
has been prompted over the past 4 0  years more by user 
demands ( and government-subs idized development) and 
technical advances in the suppl ier industr ies ( notably 
cutting tool manufacturer s )  than by independent 
i n itiatives in the machine tool industry .  

As a n  explanation o f  the industry ' s  per formance , such 
a n  analys is is  inviting .  I n a f ield whose technolog ical 
and mar ket hor i zons are expand ing as rapidly as those o f  
the forming industry , i t  i s  to b e  expected that small 
companies with nar row produc t l ines and exper ience i n  
produc ing standard products over long per iods o f  t ime 
should miss impor tant oppor tunities for innovation . 
However , i t  should not be forgotten that the industry ' s  
sales leader s are fully large enough to afford the 
techn ical and management resources necessary to take 
advantage of new technology and new markets . 

Capac ity 

The existence of large order backlogs and long lead times 
s uggests that capacity is insuff ic ient for peak peacetime 
needs . I f  the need for mobil ization a r i ses , the industry 
in its present condition will not have time to respond . 
Capac i ty concerns involve types of mach ines as well as 
quantity . 

Dur i ng mobi l ization , the eas iest capac ity to change to 
meet defense needs i s  capac i ty used for expor ts . Ther e­
for e ,  a mach ine tool industry that is  competitive in 
wor ld mar kets dur ing peacetime should be able to mee t 
mob i l ization demands . It should also be noted that 
foreign-owned machine tool plants in thi s  country may b e  
u sed dur ing war time to meet u. s .  defense needs . 
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Technology and Inter nat ional Compet ition 

The u . s .  mach ine tool industry ' s  r eputat ion for slowness 
in applying new technology , and for unreliab i l ity in the 
h igher technology product l ines , is no doubt a s igni f icant 
factor in i ts mar ket per formance aga inst foreign competi ­
tor s .  The extent to which th is reputat ion is  deserved i s  
unclear , but ther e is  evidence that it  influences buyers .  

The domest ic mar ket has a relat ively older stock of 
mach ine tools and therefor e appear s rather slow to adopt 
new process technology , compared to those of other indus­
tr ial nat ions . The u . s .  machine tool industry ' s  fa ilur e 
to mar ket i ts products strongly over seas has thus , 
probably , cut i t  off from sources of mor e soph isticated 
demand than those ava ilable at home . I f  so , i t  has 
cor respond ingly reduced i ts incentives to innovate . 

Nor has the u . s .  industry benefited from national 
research and development organizations , such as those 
establ ished from the mach ine tool industr ies of some 
other countr ies ( notably Japan , West Germany , and Prance) • 

Many believe that , espec ially in Japan , government 
guidance has been cr i t ical to the international succes s 
of fore ign mach ine tool industr ies . I n addi tion ,  the 
close wor k ing relationsh ips between foreign industry and 
un iver s i t ies are absent in the United States . 

Role of Pr ime Contractors 

Many defense contractor s are h ighly capable of developing 
their  own soph ist icated tools . Although individual 
contractor s have often developed soph ist icated machines 
in-house , i t  has usually been machine tool companies tha t 
have built such mach ines , transforming prototypes into 

heavy-duty equipment suitable for h igh-volume product ion 
and mak ing more standard models avai lable for purchase . 
I t  is th is role of technology transfer among defense 
contractor s that may be the most impor tant contr ibut ion 
of the domestic mach ine tool industry--and the one that 
would be most sor ely missed i f  the domestic industry were 
to deter iorate fur ther . It would be undes irable , too , to 
pass on th is role to for eign supplier s ,  however competi­
tive they might be . 
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Phase I Committee Recommendation s 
for Further (Phase I I t  Study 

The most prominent aspects of the machine tool industry , 
so far as th is committee ' s  charge is concerned , are (a)  
the rapid expans ion of its technolog ical and marke t 
hor izons over the past decade or so , and ( b) i ts deter­
iorating position in the world mar ket , as measured by 
market share at home and over seas . In outl in ing a plan 
for a more compr ehens ive study of the industry ' s  

potential contr ibutions to defense needs , the committee 
has concentrated on these char acter istics . 

Such a comprehens ive study must beg in by setting 
boundar ies on the f ield of investigat ion somewhat wide r 
than the mach ine tool industry ' s  tr aditional limi tation 
to metal-removing equ ipment , tak ing into account new 
mater ials and the information technolog ies of control and 
systems integration . Then , with such a definition in 
h and , a fur ther study can assess the health of the 
industry , and i ts abi l i ty to serve Defense Depar tmen t 
n eeds . The following outl ine embodies th is committee ' s  
r ecommendat ions as to how such a study should proceed . 

I .  Industry Analys is 

As a f ir st s tep , the industry and i ts mar kets should be 
identif ied and charac ter ized . 

A .  Def ine the machine tool industry. POr purposes of 
th is study , the definition should be broad enough to 
i nclude not only firms traditionally cons idered par t  of 
the machine tool industry , but also manufacturer s of 
manufactur ing systems components (machine holding device , 
cutting tool , gaug ing and measur ing device , controls , and 
mater ial handling equipment) . I nclude information 
integration and such competing industr ial shaping 
technolog ies as near -net-shape forming . Examine · the 
cur rent structur e of the mach ine tool industry , the 
changes it  is undergoing , and i ts expected evolution over 
the next 20 year s .  
B .  Assess the technolog ical and economic trends to wh ich 
the industry should respond . Most impor tant among thes e 
trends is the integration of fabr icat ion , assembly , 

mater ial handl ing and storage , production control , and 
management information sys tems . New methods of metal­
forming and metal-cutting as alternative shaping 
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techn iques , and impor tance of new technical d iscipl ine s 
s uch as computer control , the merger of electronic 
controls and mechanical processes , chang ing cos t factor s 
i n  production , mar ket tr ends , joint international 
ventures and exchanges of information , and financ ia l  
cons iderat ions should all be assessed . 
c .  Group the f irms in the mach ine tool industry according 
to categor ies that will aid an analys is of the industry ' s  
respons iveness to mil i tary needs . Which sector s ar e mos t 
impor tant to the Depar tment of Defense? I n which f irms 
is r esearch and development be ing done ? Poss ible cat­
egor ies include h igh-volume suppl ier s ,  supplier s of 
high-technology equ ipment , suppl ier s of equipment par ­
t icular ly c r i t ical to mil i tary needs , and custom 
integrator s of manufactur ing systems . Cons ider also 
wh ich classes of tools are impor tant to the Depar tment of 
Defens e .  
D .  Assess the reasons why some mach ine tool companies 
prefer not to seek Defense Depar tment contracts . 
E .  For industry sector s identif ied as impor tant to the 
Depar tment of Defense , conduct case studies of the i r  
monitor ing o f  the defense environment and their decision­

mak ing processes , to tes t how each type of company i s  
l ikely t o  respond to d i f ferent DOD initiatives or 
policies . 

I I .  Inter nat ional Competi tiveness 

The past performance of the u . s .  mach ine tool industr y 
s uggests that the industry is los ing some of i ts abi l i ty 
to compete . A mor e comprehens ive study should invest igate 
the facts of the case and assess and weigh the var ious 
contr ibuting factor s that have been proposed . 

A .  Expor t decl ine analys is 

1 .  To what extent has recent booming domestic demand 

favored impor ts ? How have domestic manufactur ers 
r esponded? 

2 .  Is national expor t- impor t pol icy a s ignificant 
factor?  

3 .  Do intr ins ic cost advantages play impor tant roles 
in fore ign manufacturers ' success ? If so ,  what ar e these 
advantages and how impor tant are they? 

4 .  To what extent do labor and management practice s 
contr ibute to the success of fore ign manufacturers? 
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5 .  Are claias of super ior quality , highe r 

r eliability ,  faster service , and lower pr ices for fore ign 
goods based on fac t? 

6 .  Which tools are the pr imary impor ts , and which the 
pr imary export s? 

B .  Caapar i son with key competitors ( e . g . , Japan) from 

user s ' perspective : pr ice , quali ty , delivery , and 
r eliability .  

III . Problem Synthesi s  

O n  the bas is o f  i tems I and I I , identify the newly def ined 
industry ' s  fundamental problems ( i f  any) , descr ibe poten­
t ial DOD strateg ies for assisting in correcting these 

problems , and identi fy obstacles to putting those 
s trateg ies in effect . The following issues may provide 
lines for th is analysi s : 

A .  The influences of government polic ies in the fields of 
taxation , antitrust restr ict ions , manpower train ing and 
education , r esearch and development , and restr ictions of 
sales to the • Eastern Bloc . •  

B .  Direct funding of r esearch and development relevant to 
machine tool technology , in both the machine tool 
i ndustry and un iver sities , by the Department of Defense . 

c .  Alternative Depar tment of Defense procurement 
s trateg ies 

l .  Is it possible , and under what c ircumstances would 
i t  be des irable , for the Defense Depar tment to modernize 
the government-owned por tion of the defense industr ial 
base on a continu ing and sustained bas is? 

2. Can and should procurement regulations be changed 

to foster the installation of capital equipment of 
defense contractor s? 

3 .  Should r esearch and development funding be 
augmented? I f  so , how should funds be allocated between 
product and process development? How should they be 
allocated between universities and industry? 

4 .  would formation of a joint Defense Depar tment­
machine tool industry commi ttee be an effective group to 
develop plans for surge and mobilization? 
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IV. Recommendations 

The r ecommendations will follow from the analysi s  in part 
I I I  of th is Phase I I  study , as descr ibed above . Likely 
categor ies for recommendations include the following : 

A . Business Strategies 

B .  Procurement Strategies 

c. Technolog ical Strategies 

1 .  Product research and development 
2 .  Process research and developmen t 
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APPENDI X 8 
POLICIES OF FOREIGN GOVERMMEN'l'S 

JAPAN 

Government pol icy has played an impor tant role i n  
s t imulating Japan ' s  machine tool industry . Japan ' s  
Ministry of I nternational Trade and I ndustry (MITI ) ha s 
descr ibed three stages of an industry ' s  development : 
growth , matur ity ,  and decline . MITI ' s  greatest influenc e 
i s  dur ing the first and third stages--suppor ting growing 
industr ies and cush ion ing the effects of decline . The 
Japanese mach ine tool industry is  currently cons idered 
(by MITI ) to be in the matur ity stage . MITI played a 
major role in helping the industry to reach matur ity r  
however , its influence has diminished considerably i n  
r ecent year s . 1 Thus , although much has been said about 
the large number and var iety of Japanese polic ies tha t 
s uppor t i ts machine tool industry , many of these policies 
are no longer i n  effec t .  

I ndus tr ial Planning 

As par t of its statutory function of identifying and 
promot ing industr ial growth , MITI has been author ized to : 

• provide funds for moder ni zat ion 

• approve rational i zation car tels 
• stimulate mergers , joint ventures , and fur the r 

modernization of equipment 
• move domestic firms toward i ncreased spec ialization 

and international competitiveness2 

As an example of moves toward special i zation , MITI now 
r equ ires Japanese firms to discontinue manufactur ing 
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types of machines that are less than 20 percent of a 
f irm ' s total product ion and where the firm ' s  share of 
national production is less than 5 percent ( excluding 
machining centers) . 3 Thus , Japanese machine tool 
bu ilder s benefit from economies of scale and reduced 
competition . 

Availability of Capi tal 

Japanese firms needing capi tal for expansion or modern­
i zation can draw on a range of incent ives and traditional 
practices going beyond what is available in the United 
States . These include : 

• policies that keep interest rates ar tific ially low 
for loans to favored manufactur ing industr ies 

• a relatively concentrated commerc ial bank ing 
sector , which enables the Ministry of Finance and th e 
Bank of Japan to •ration• cred i t4 

• a h igh rate of domestic saving , helped in part by 
tax preferences on interest income 

• a trad i tion of close cooperation among government 
agenc ies that sets economic pr ior ities and commercial  
lending agenc ies 

• generous deprec iat ion allowances , including a 
spec ial accelerated depreciation rate for numer ica l 
control (NC) mach ine tools s 

Although many of these pol icies were conce ived at a 
time when capital was scarce and when extraord inary 
e ffor ts were needed to revive a war-damaged industr ial 
base , the same policies now provide Japan with sub­
stantially greater investment incentives than exist in 
any other OECD country .  

R&D Incentives 

A quasi-governmental corporat ion , Flex ible Manufacturing 
system Complex (FMC) , involves machine tool builder s and 
other s in a large-scale , government-sponsored effor t to 
fur ther the state of the art in manufactur ing processes . 
Although perhaps the mos t vis ible , th is is but one of a 
number of government-sponsored research proj ects involving 
government laborator ies , univer s i t ies , and industry . 
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Japanese tax laws allow generous cred i ts for researc h 

and development ( 2 5  percent of increaental IU.D) • 
6 

Because RiD is  typically no more than 5 percent of 
sales , subs id ized RiD cannot account for auch of the 
pr ice d ifferential between Japan and the United States . 
Subs idi zed RiD does , however , have one major advantage 
that i s  not j ust financ ial . The government ' s  involvement 
in RiD lends strategic directions and legitimacy to IU. D  
work and has helped the Japanese develop NC and electronic 
discharge machines qUickly . 

The bicycle and motorcycle race wager ing tax also pro­
vides direct subsidies to the mach ine tool industry . 
Though their extent is  unknown , total collections in 1981 
from th is  tax , which is  earmarked • for prOIK>tion of 
industr ies related to bi�cles and other mach ines , • 7 

wer e almost $100 million .  

Industr ial Planning 

Prance has a long tradition of government involvement in 
the economy having used a var iety of market and non-marke t 
tools to promote the national economy while reducing 
dependence on foreign manufacturers . With the election 
of the Mitterrand government , Prance has begun to emulate 
the Japanese , plac ing greater reliance on market signal s 
but utiliz ing var ious government pol ic ies to stimulate 
targeted 1rowth sectors and sponsor ing national research 
proj ects . On June 29,  1982 , the government announced 
the creation of a • super ministry• of research and 
industry , modeled after MITI . 10 This ministry w i l l  
implement the var ious tools o f  French industr ial policy , 
including industry restructur ing , subs id ies , joint 
ventures , foreign acquisitions by French firms , and 
research spending to prOIK>te growth industr ies . 

The Ministry of Research and Industry has begun 
implementing a major restr uctur ing plan for the machine 
tool industry , expected to last through 1986 . The 
establishment of the French Heavy Machinery Company 
(MPL) , a holding company , was announced in July 1982 and 

was formal ized in September as the first step in th i s  
r estructur ing . MPL currently has two subs idiar ies ,, one 
devoted to mill ing machines and one to lathes , each 
formed by the merger of two machine tool companies . The 
Ministry of Research and Industry has a development 
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contract with MFL that calls for a 200 million franc 
i nvestment between 1983 and 1985 to increase i ts share 
from 4 percent of wor ld production to 6 percent . l l  

MFL is  the first o f  3 poles around wh ich the mach i�e 
tool industry will be regrouped . Of the nearly 150 
mach ine tool companies , the most impor tant will be 
regrouped around 15 industry leader s through merger s and 
acquisitions . Such arrangements are expected to increase 
the international competitive position of French machine 
tools by reducing R&D and manufactur ing costs . 12 

Shor tly after its creation , the Ministry of Research 
and Industry announced the •production plan • to br ing 
together var ious industr ies-- including machine tool-- in a 
national automation effort . l3 This plan aims for 2 5  
percent growth in process control each year for 3 year s .  

I n  addition , the government has called for a drastic 
c ut in imports of NC machine tools , from a 60 percent 
market share to 30 percent by 198 4 .  This  reduction is to 
be achieved through government contracts and subs idies , 
lead ing to an increase in NC mach ine tool production from 
27 percent to 60 percent of total machine tool production 
by 1985 , with total machine tool output doubling by 198 5 .  
The government expects firms to commit 5 percent o f  sales 
to R&D J in return , the government will award contracts o f  
2 00 mill ion francs over the next three year s .  

R&D Incentives 

The French government ' s  1982 budget plans call for a 37  
percent increase in the research and development program 
f rom the previous year and a quintupling over the next few 
years . Dur ing this  time , in contrast , the total budge t 
will  r ise only slightly . This , combined with recent 
nationalization of several high technology companies , 
means that the government controls approximately 75 
percent of R& D .  

Several programs exist to ass ist pr ivate f irms i n  
R&D . One program, Lettres d ' Agrement , is a means t o  
encourage firms to develop and manufacture a product in 
the nat ional interest . The government provides loan 
g uarantees or low-interest loans to assist the firm, with 
prefer ence g iven to pr ior i ty sectors . Aide au Development 
i s  a program to ass ist firms in commercialization of 
publ ic and pr ivate R&D results . The government provide s 
subs idies for prototypes and pilot plants , as well as 
loans for SO percent of the proj ect cost . The loans ar e 
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repaid only if  the project is  successful . Other programs 
promote cooperative R'D between pr ivate , government , and 
univers ity labs . 

Three centers for goal-or iented machine tool research 
were designated by the government in 198 2 r the Mach ine 
Tool Study and the Research Center (CERM) , the Agency for 
Development of Automated Production (ADEPA) , and the 
Mechanical I ndustr ies Technical Center (CETIM) will be 

the s i tes of the programs . Mach ine tool companies wi l l  
b e  encour aged to take advantage of the technolog ical 
advances developed at these center s .  

FEDERAL REPUBLIC OF GERMANY (FRG) 

I ndustr ial Planning 

Dur ing the past  decade , the government of the Federal 
Republ ic of Germany ( FRG) has become increas ingly involved 
in direct ing industrial development and change . The lead 
agency in industrial planning i s  the Min istry of Researc h 
and Technology (BMFT) , wh ich was created in 1972 . Like 
MITI , BMFT has encouraged rat ionalization of industr ies  
i n  structural decl ine and promoted knowledge- intens ive 
sectors .  Like Japan in the late 1950s and ear ly 1960s , 
the FRG has encouraged mergers , consol idations , and 
offered grants , low-cost loans , and tax concess ions 
dur ing the late 1960s and ear ly 1970 s .  However these 
programs have pr imarily been des igned to benefit  dec l ining 
i ndustr ies r the Germans have no official pr ior ity list of 
growth sector s to be suppor ted . Pr ior i t ies are se t 
through market mechan isms , wh ile bus iness r esponse to 
market changes are gu ided by an informal system of 
•concertat ion• based on input from government ,  bank s ,  and 
labor . 

The Economics Min istry and the BMFT provide grants to 
industry for research and development .  A var iety of 
r esearch insti tutes , both independent and univers i ty 
assoc iated , receive government fund ing . For example , th e 
Technical Research Institute at Aachen is considered by 
many to be the best machine tool laboratory in the world r 
6 9  percent of i ts funds for research come from the 
government--e ither federal or Lander ( s tates ) . l4 

The 17-20 Fraunhofer Institutes in the FRG are an 
important source of industr ial research . Fraunhofe r 
I nsti tutes spec ialize in industr ial technology , espec ially 
in high growth , advanced technology industr ies , under 
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contract to companies and government agenc ies . Th e 
gover nment matches the institutes • contract funding with 
an equal amount to be used for bas ic research . lS 

S ince the ear ly 1970 s ,  a major proj ect to develop 
flexible manufactur ing systems (FMS) has been sponsored 
by the federal government ,  involving many institutions 
and firms and receiving heavy subs id ies . Elements of th e 
proj ect include CAD/CAM technology , technology for parts 
fabr ication and assembly methods , and highly flexible 
manufactur ing systems based on machining centers grouped 
around programmable industrial robots . The federal 
government plans , coordinates , and funds var ious R&D 
proj ects in academic and industr ial labs related to FMS .  
For example ,  university research centers at Aachen , 
Ber lin , and Stuttgar t have been encouraged to develop a 
r esearch center for CAM .  

The federal government has also implemented the 
Follow-on Production Technology R&D Program to run 
through 1984 and probably longer . This program is  
designed to consolidate the development of FMS researc h 
by encourag ing utili zation of R&D results to batch 
manufactur ing processes . Interest free loans and rapi d 
deprec iat ion are prov ided by the government to promote 
installation of R&D results , including applicat ions o f  
industr ial robots and automatic controls . OVer the long 
term , the Follow-On Program i s  intended to encourage the 
use of var ious FMS in all plants to create computer­
integrated automated factor ies . 
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APPBIIDIX C 
QUBSTIOIDIAIRB SBH'l' '1'0 IIACBIIIB 'l'OOL IIIDUSTRY BXBCUTIVBS 

Aa per t of a study of the u. s .  •chine tool industry and defense 
p reperednes s ,  the llational Research Council is exaaining tec:llllolog ical 
and econcaic trends that affect the industry . We would like your reac­
t ions to our l ist of trends , which follows . Please use the scales to 
indicate bow .uch the factors affec t  your f ir• and the industry as a 
whOle ( i . e . , bow auch change you expect these trends to require) . we 
would appreciate any aa..ents on the impact of these trends , bow you plan 
to or currently respond to th .. , and expectations for the future . There 
is rooa at the end of each section to suggest other factors that we •Y 
have aissed . If you have any questions , call Miss Janice Greene at 
( 202) /334-2570 . Please respond by March 18 . Thank you for your 
assistance . 

TecllllolO!! ical Trend s 

1 .  Mater ial substitution 
(c:oapoa ites , plastics , 

caruics ) 

a .  in des ign of product 
to be •cbined 

b .  i n  design o f  •chine 
tools 

lJIPOr tance to 
your f ira 

high 
mediua 

low 

high 
aediua 

low 

Ccaaents a ____________________________________________________________ _ 

2 .  llew foraing techniques to 
reduce .. tal-cutting and 
l abor-intensive f inishing 
(near net ahape , powder 

metallurgy , precision 
casting ) 

h igh 
aediua 

low 

co ... nts a ____________________________________________________________ _ 
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3.  llew cutting teclllliquea 
(laHn , electro-depo8ition ,  

cbeaical llilling , advaacecl 
g rinding tecbnology) 

119 

bigb 
.adiua 

low 

ea...nte •·----------------------------------------------------------

4 .  I ncreaaing uH of autc.ation 

a. &.all batch fabr ication 

b. AllseJibly 

c .  Group TechnOlogy 

d .  Adaptive controls • 
syatna 

• ·  ec.puter-integrated 
des ign and aanufac­
tur ing 

bigll 
Md iua 

low 

bigh 
Mdiua 

low 

Ca..enta a. ________________________________________________________ __ 

5 .  Increased procur ... n t  of 
systeaa fra. full-l ine 
and aystna houses 

bigb 
Mdiua 

low 

eo..enta a.  ________________________________________________________ __ 
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6 . Increasing deaand for 
precision aachine tool 
perforaance and repeatability 

120 

Ii!pOrtance to 
your f i ra 

Illlportance to 
the indlllltry 

Comments &. ____________________________________________________________ _ 

7 .  Increasing deaand for high 
pressure high teaperatur e ,  
and high speed capabilities 

in equiJ;88nt 

Comments &. ____________________________________________________________ _ 

8 .  Other&�------------------------------------------------------

Bconomic Trends 

1 .  Increasing ccapetition from 
foreign aanufacturers in 
bOth doaestic and foreign 
mar kets 

Ii!pOrtance to 
your f ir• 

high 
aediua 

low 

Iaportance to 
the industry 

coaaents &. ____________________________________________________________ _ 
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2.  Incz:eaaing -tz:ation of 
the induatz:y thl:ougb 
MJ:gez:s , takeovez:s , aad 
f ailuz:es 

12 1  

bigb 
Mdiua 

low 

bpoz:UIIce to 
the illdustz:y 

C�nts :. ______________________________ -T--------------------------

3 .  Incz:easing z:elationa with 
foz:eign fiz: .. , thl:ougb 
l icensing , joint ventuz:es , 
and acquisitions 

bigb 
mediwa 

low 

ea..nta :.  ______________________________________________________ _ 

4 .  Divez:sif ication and 
integz:ation witb 
r elated industr ies 

bigb 
MdiWI 

low 

eoa.enta :  ________________________________________________________ __ 

5 .  Cur rent low l iquid ity and 
flexibility of toe industry , 
leading to reduced R ' D 
and a shortage of work ing 
c apital 

bigb 
Mdiua 

low 

co ... nta :.  ________________________________________________________ __ 
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6 .  High coat o f  capital over 
a prolonged per iod 

122 

Illportance to 
your f ir• 

high 
Mdiua 

low 

Ca..ent• •----------------------------------------------------------

7 .  unprecedented unpredictabil­
ity of eoano.ic conditions 
( regarding growth, inflation , 
interest rates , cur rency 
exchenge rates) 

lligll 
Mdiua 

low 

Coeaents •·----------------------------------------------------------

8 .  Factory util hation 
(lengthy decl ine , followed 
by recent upturn) 

high 
lltldiWI 

low 

cca.ente •----------------------------------------------------------

9 .  Otner •·--------------------------------------------------------

•- and ________________________ _ 

Address • 
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