AD-A055 895 MATHTECH INC BETHESDA MD F/6 21/5 d
STUDY OF THE TURBINE ENGINE INDUSTRY.(U) ;
JAN 78 D W GRISSMER» K H KIM MDA903=76=C=0220

UNCLASSIFIED 7050-D6=KK=78=-FR=1-00D i

|

s .




Yo
o
o
Ye)
¥
=
<
<

FGR FURTHER m;{@::/

MATHTECH

The Technical Research
and Consulting Division of
Mathematica, Inc.

&
8
=
ke

DISTRIBUTION STATEMENT A_ |

Approved for public release;
Distribution Unlimited




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DDC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




EOR FURTHER TRAM * BUL

January 31, 1978

Contract No. MDA903-76-C-0220

ADAD55890

DoD-7050-DG-KK-78-FR-1~
CLEARED
(OR OPEN PUBLICATION
f\
| U N RAe 11
, JION
S WMECTORRTE R EvIEW —PA)
l O— }“‘_U DLPARY At Of l‘l‘L:‘:‘(
‘ - STUDY OF THE
| O
1
% Ll TURBINE ENGINE INDUSTRY
=
S REVIER OF THIS MATFRIAL DOES NOT INTLY
z WNT OF DEFENSE TNDORSEMENT OF
‘L;, DEFPARTMENT
FACTUAL ACCURACY OR OK INION.
=
= 2
Office of the Deputy Under Secretary of Defense
(Rescarch and Engineering)
Acquisition Policy
Washington, D, C. 20310
ASCESSION
m Wite tocten et By:
" Baft ectien U D D ™
URANNOURCED David W, Grissmer - -
i&mm e and 1, fould = - .‘-':
ttL_QX)..ELlﬁ Kwan 1. Kim N SO 107
| | P, JUN ST
Bis:? i“ﬂ"/l"ll.ll".l" H.B - -
—-’_,' GUK "'/' ’mn MAT}] I‘I,CI], Inc. Lt .k_’:
‘ P = 4630 Montgomery Avenue D

Bethesda, Maryland 20014

(301) 657-1610

Lk

-

This report does not necessarily reflect the opinions or policies of the

sponsor of this study, .
( * -
O vo 19 0V

DISTRIBUTION STATEMENT A

Approved for public release;
Distribution 4Un1i.mited

“J

-~




SECURITY CLASSIF(CATION OF THIS PAGE (When Date Lntered)

READ INSTRUCTIONS

REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER

J\T)TLE (and Subtitle)

VERED

TYPE OF REP

o wa ;e

Study of the Turbine Engine Industryy

. PERFORMING ORG. REPORT NUMBER

OD-7050-DG-KK-78-FR-1~

David W. ,Grissmer =14 Kwan H.l Kim \

=

"

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
/ AREA & WORK UNIT NUMBERS
MATHTECH, Inc. /
4630 Montgomery Avenue
d 20014 )

CONTROLLING OQF FICE NAME AND ADDRESS

Office of the Deputy UnderSecretary of Defens 1 Januery ¥978

. NUMY%&IOF PAGES

(Research and Engineering)
Acquisition Policy Wash, DC 20310

1S. SECURITY CLASS. (of this report)

UNCLASSIFIED

MON:TORING AGENCY NAME & ADDRESS(if different from Controlling Office)

15a. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

(7P|

6.

DISTRIBUTION STATEMENT (of this Report)

DISTRIBUTION STATELI" 1 A

Approved for public relcusc;
Distribution Unlimited

17. DISTRIBUTION STATEMENT, he ab

R

B0 5005 -K F- Tg-Ffi-3bb.

PREE———————

18. SUPPLEMENTARY NOTES

Two other volumes from this study: Policy Models for Surge Analysis, and
An Example Analysis of DOD Procurement Policy Alternatives for Airframe

19. KEY WORDS (Continue on reverse side if necessary. and identify by block number)

Aircraft Engine Industry Turbine Engines Production Capacity
Surge Capacity Competition Industry Structure
Lead Times Component Shortages Econometric Models

Policy Analysis Engine costs Sales data

. ABSTRACT (Continue on reverse side If necessary and identify by block number)

"‘This report provides a summary and analysis of original data from seven
major US aircraft engine manufacturers over a time period 1960-75.
Analysis of large and small engine production, surge capacity, costs,
productivity, and industry structure was made and compared with historical
trends and the use of econometric models. Emphasis was placed on the
lead times, shortages, and roles of subcontractors, component availabllity,

and materials.s

DD , ik 1473

\
EDITION OF | NOV 65 |S OBSOLETE

SECURITY CLASSIFICATION OF THIS PAGE (When Data Eatered)

495 436

~— : —— J——— =

(RS ——
peemer=

S yera

b

B el T e e L

R




CONTENTS

SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . .
CHAPTER I =~ IntrodUction o « o « o o o o« ¢ s » 8 o s s s

Summary of MATHTECH Analysis of the Industrial

T T i e P o 3 o e o OOt o e 5 L, Y e st o

The Surge Capacity Problem .

Current DoD Surge Planning . . .

CHAPTER 11 -- Analysis of Data From Seven Turbine
Engine Manuftactirers ol v o @ oh o wld w6 e s e e

Turbine Engine Markets . . . .

e s o o o e o

Concentration in the Turbine Engine Industry

Military Aircraft Engine Expenditure Data . .

Historical Turbine Engine Production . . . . .

Lead Times for Turbine Engine Components .

Production and Employment in the Turbine
Engine Industry . « ¢ ¢ ¢ ¢ ¢ ¢ ¢ 0 0 0 0 o 0

Turbine Engine Production and Floor Space .

Surge Capacity of the Turbine Engine Industry

Historical Surge Capacity Rates

* o o o o o o

14

20

27

38

43

b2

55

62

64

71




APPENDIX A

The Acrospace Industry: Historical Trends . . .. . .. A-1

. APPENDIX B

Economic Concentration and Capacity Utilization
\ In the Aircraft Turbine Engine Industry ., , ., . . . . . . . 3=

APPENDIX C

Impact of Competition on New Capacity Buildup

In the Aerospace ludustry . . . ¢ o o ¢ « o &+ & « & S R ]
APPENDIX D

Survey Instrument o o o s ol s s e e s s e sl s el e el e D=

APPENDIX E

1966 and 1975 Data on Federal Procurement
In Area A-1B Aircraft Engine By Company . . « + « . . . k-1

C01%42

x 78 06 13 002




—_—

 FEEEEES |

i

[ We—

| Se—

Pemn—y

SESTEEMERMETA Ry

Statement of Problem

This report is an assessment of the structure and the capacity
of the U.S. aircraft turbine engine industry. The purpose of the
report is to assist the DoD in developing appropriate policies for
the acquisition of aircraft turbines and for surge planning.

Characteristics of the Aircraft Turbine Engine Industry

o The Aircraft Turbine Engine market is one of the most highly
concentrated industries in the U.S. with four of its seven manufacturers
accountiﬁg for over 90 per cent of output in recent years. The size of
the market for military engines has declined from $3.75 billion in 1966
to $2.00 billion in 1975 (in constant 1975 dollars). The market share
of the two leading manufacturers (Pratt & Whitney and General Electric)
has increased from 67 percent to 80 percent. This trend to fewer acqui-
sition dollars and an increasing degree of concentration is also evident
in 12 of 13 other DoD procurement categories. The leading manufacturers
are obtaining a larger share of the fewer dollars spent. However, there
has been no manufacturer exiting from the turbine market in the last
12 years.

o The turbine engine market consists of 6 submarkets whose products
are differentiated by engine characteristics, technology, manufacturing
scale and market size. Each submarket attracts a different set of
manufacturers. Two submarkets have accounted for over 80 per cent of

production by weight in the 1961-1975 time period. These submarkets are
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turbo jet and turbofan engines in the 6,000-18,000 lbs. of thrust

class and 18,000-55,000 1lbs. of thrust class. Although there are
7 manufacturers of turbine engines in the U.S., the maximum number
of manufacturers in any submarket is four. In the two major sub-
markets there are only three and two manufacturers respectively.

o Production in the 1961-75 time period has been characterized
by a prominent peak in 1966-1968. This peak was caused by a combina-
tion of Vietnam War surge demand, strong DoD major weapon acquisition
and a peak in civilian engine demand. Since 1968, production has
declined and was significantly lower in 1972-1975 than at any time in
the last 15 years. Annual production in 1971-75, as measured by
weight of engines, was 49 percent of prsduction in the 1966~70 period
and 75 percent of production in the 1961-65 period.

o Lead times for certain component parts have varied over time,
with shortest lead times in the 1963-1967 period and longest lead times
in the 1971-1974 period. Typically lead times for controls was around
11 months in 1965 and 15 months in 1973. Overall engine lead times
varied from 10 to 21 months.

o Employment of production workers and output during the 1961-75
period were closely related. The average production in 1961-75 was 14.8
million pounds of engines annually. The marginal number of production
workers required to produce an additional million pbunds of engines was
1730. A much weaker relationship exists between engincering and

managerial staff and output.
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o Labor productivity measured by pounds of engine per production
worker over the 1961-75 period shows that the peak productivity of
315 pounds per year per production worker occurred during the 1966-068
production period. Current productivity is the lowest in the time
period and is less than 175 pounds per worker per year. Large amounts
of subcontracting during the peak 1966;68 period mav inflate somewhat
the apparent productivity of workers in the industry during that period.
o Although turbine engine production has decreased by 49 percent,
data available on industry floor space shows no significant contraction.
o A rapid increase in production occurred in the 1965-1967 pericd,
rising from 13.4 million pounds to 25.2 million pounds. Study of data
in this period provides the following insights into production in terms
of surge.
o A significant part of the turbine engine industry surge
capacity depends on the subcontractors. It appears,
from limited data, that the make buy ratio shifts from
around 50/50 in periods of non-peak production to 30/70
in periods of peak production.
o Third shifts in periods of surge become 15-25 percent of
the workforce as compared to 5-15 percent in other times.
Second shift utilization does not change drastically.
o Surge capacity is the maximum production capability with present
plant and equipment, assuming unlimited labor and material supplies. The
calculation of this surge capacity however {s imprecise with no one

method being completely satisfactory.
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Historical periods of peak production (1967-8) can be
taken as proven production capacity. Assuming no change

in capacity and plant between 1968 and 1975, and the same

subcontractor capacity, estimates can be made of the relation-

ships of peak production to present production. he ratio
of 1975 produciton to peak year production for the industry
as a whole is 1/2.6 or .38. Because military production
constitutes about 50 percent of current production, surge
military production could potentially be increased by about
500 purécnf based upon this estimate. This percentage
varies among the different turbine engine submarkets. For
very large turboshaft engines (= 2000 hp) and turbojet

by 5

engines (18-55 thousand 1lbs. of thrust), surge ratios (1975
to peak year production) are about .5. For smaller engine
markets the surge ratios are in the .15 to .5 range.
Historical surge rates can also provide some estimates of
what performance might be expected in times of future surge.
From 1965 to 1967, total industry production increased from
33.4 to 25.1 million 1bs., a fise of 90%. Individual com=-
panies experienced production increases of from 0% to 300%

in terms of maximum production increase aver a two year

period.
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CHAPTER I

Introduction

At the initiation of the present contract, DoD had several concerns

which prompted their study of the industrial base.

included:

These concerns

Apparent declining industrial base in the subcontractor

industry,

Inability to meet surge demand in recent past {or

sclected items,

Increasing unit production costs of certain procurciment

items,
Apparent over-capacity in certain defense industries, and

Apparent lower rates of return for defense contractors.

The expressed need to MATHTISCH from the point of view of the

analysis to be done was twofold:

To develop analytical tools capable of addressing the
y ¢
questions concerning industrial base surge capacity, and

To analyze surge capacity in two industries-~turbine
engine and missiles (later changed to aivirame industry).

In response to the first task, MATHTECH's work in the arca of

developing and applying analytical tools to the surge problem is sunynarized

below,

The report, Policy Models for Surge Analysis, contains

work on four models developed to apply to the surge capacity

problem. These models arve:
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A long run equilibrium model of a defense industry,

Inventory production scheduling model for surge
capacity,

Industry simulation model, and
Penalty contracting to meet surge capacity demand.

Appendices B and C of this report contain additional
models and analysis applicable to the general surge
capacity problem. These models are applicable to the
airframe or aircraft turbine industry using available
published data as initial examples of analysis., These
models are:

ILconomic concentration and capacity utilization
in the aircraft engine industry, and

Impact of competition on new capacity buildup
in the aerospace industry.

Our work on the second task is summarized as follows:

A report, An Example Analysis of DoD Procurement
Policy Alternatives for Airframes, contains application of
the long run cquilibrium model to the airframe industry.
Data used in the model was collected by Systems IPlanning
Corporation.

This report, Study of the Turbine Engine Industry, contains
results of initial analysis of data collected by MATHTIECH
from the turbine engine industry on historical production,
employment, capacity and productivity experience of seven

turbine engine manufacturers.

This report is the last of three reports under Contract MDA 903-76-C-




The Surge Capacity Problem

The problem addressed in these reports is that of developing defensc
procurement policies which maintains an industrial base capable of
expanding to meet surge demand while at the same time maintaining
efficient peacetime unit production costs and technological superiority,
These objectives are often conflicting and improved policies in this area
require difficult judgments concerning tradeoffs between the degree of
risk assumed in failing to mect surge production vs, n..nimizing peace-
time defense budgets. The effects of the policies adopted also go far
beyond defense budgets since the industrics under study provide substantial
employment in the U.S. economy and contribute a significant portion to
U.S. exports overscas. Technological superiority in the civilian sector
has often followed from developments made in the military sector. Thus
in the long run, the competitiveness of U.S, industry could depend on
policies adopted in the defensc sector.

Surge demand for war material can arise either from dircct

involvement of U.S. forces or through supplying of U, S, material fo allies.

There are only two fundamentally different strategies with respect to meetfing

the needs for surge demand: inventory and surge production capability.




The problem is to determine what mix of inventory and sorge
production is appropriate for cach item in demand. The appropriatencss
of inventory policy or surge production policy s dependent on several
parameters chavacterizing the nature of the item, nature of the conflict
and various costs,  Table 1.1 sketehes the rough dependence of the
nature of the surge demand policy on specific characteristics.  Inventory
will tend to be the appropriate policy when the duration of the expected

conflict is short, attrition rates high, lead tune for production are long,

cte. Maintaining suvge production capacity will be the appropriate policy
when the duration of expected conflict is long, vate of technological
improvement is high, lead time for production is short, cte.

Appropriate surge demand procurcement policies wall depend on
the characteristics of the ttem ander consideration, nature of the
expected conflict and the degree of visk implicitly assumed ina stockout
cost,  The major tradeoff in actually derviving policies for surge production
is the extent to which the policymaker wants to nuninnze current budgetarvy
costs (peacetime costs) as opposed to decreasing the visk associated with
not mecting possible surge demand, A lavpe ancertainty exists in some of
the key parameters necessary to detervmine appropriate surge policies,
For instance, the timing and intensity of conflict as well as technological
rate of taprovement are subject to great uncertanty, Before vational

surpe planming can take place, these uncerfaintics must be removed by
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military or political judgment. These judgments are usually implicitly

incorporated in specification of threat scenarios, which specify the type
and iatensity of conflict. Given the nature of the threat scenarios, the
particular mix of war material that would be used in wartime, the timing
of the conflict, and prioritics with respect to preactime budgets and
wartime risks, surge procurement policy specifying an industrial base
configuration and appropriate inventory policy could be rationally defined.
There will always be controversy with respect to the basic political
and military judgments from which surge policies originate. However
there are aspects of surge policy which can profitably be studied from strictly
a management perspective - namely, the coherence, consistency and
flexibility of surge procurement policies. One major objective of surge ]
analysis should be to determine whether procurement and surge policies
are consistent over major defense items, Specifically, is the degrece of
risk inherent in adoption of inventory positions and industrial basc policies
the same across all items? It would be possible to develop general policies
and DoD guidelines specifying surge demand policies across procurement

categories and services which more or less assume the same levels of i

risk for a given threat scenario and make the same set of assumptions

concerning other important parameters,




Another major objective of surge analysis is to determine whether

current procurement policies encourage the type of indusirial basc
desired, and whether these procurement pelicies have responded to
changes in key parameters such as technology, threats, and the economic

environment (production costs, capacity costs, profits, cte,) over time,

The nature of the surge demand policies and the industrial base should

change as changes occur in the important parameters listed in Table 1.1,
For instance as weapons become more complex and lead times lengthen,

more emphasis should be put on inventory as opposcd to surge production,

The question of coherence between procurement policies and the type

of industrial base desired is a critical ore. The industrial base is shaped

by both market forces as well as DoD procurement and R&D policics,
Defense contractors may find lucrative civilian markets and quit defense
business. Shaping of policies toward the industrial base has to be done in
the context of a sound understanding of the industrial dynamics in a given
industry. This understanding can only come about through detailed exami
nation of historical industry data, extensive dialogue with industry managers,

and an understanding of the technological trends and market forces in the industry,

B S ——— i




Current DoD Surge Planning

The effort within DoD currently to ensure adequate surge capacity
is currently dirccted primarily at microlevel issues, Curvently data
is collected at the item level from prime and subcontractors which
estimates the level of production possible in a surge situation, Work
is also done to determine item criticality and priorities. There are
severe problems with this kind of data, however. kstimales are
collected on only one item at a time, independent of other wartime and
peacctime demand. Also, the original vendor and subcontractor is the
only one providing such data. In times when economic conditions and
the defense industrial base is relatively stable, such planning at this
level, appropriately done, can provide useful information. HNowever,
as economic conditions and the stability of companics in the industrial
base become subject to increasing variability, then increased planning
at the macro-level is necessary, Our concern shilts from whether a
given company can provide an individual item to how many companies of
this type will be in business and what their likely response will be to surge
requirements, Macro-level planning is especially important in an era
of a contracting industrial base when the condition of individual contractors

and subcontractors is especially unstable, There arve also several current




issues in defense planning which require improved consideration of macro-

L]

¥ level industrial base planning. These include foreign military sales, NATO

‘ standardization and interoperability, access to raw materials, and declining

) procurement dollars. Table 1.2 provides a summary of trends or issucs
which, 1 think, would argue for increased emphasis on industrial base
planning at the macro-level rather than micro-level,

: What are the tools defensce planners can use to help shape industrial

capacity to meet DoD objectives at a macro-level?  DoD can cffect changes

through cither procurement policy changes or procurement awards, Major

procurement policy areas arc:

1)
2)
3)
4)
>)

6)

Regulated profit margins,

Timing and amount of procurement awards,

Payment policies,

Type of contracting,

Regulations requiring industry monitoring and reporting, and

Allowable costs and other ASPIIR regulations.

The organizational problem is how to incorporate explicitly surge planning

concerns into decisions that arc routinely made in these arcas,

One solution

is to expand the currvent responsibility of DoD groups doing industrial base

planning.

surge planning group.

work. Such a group would have the added responsibility for mac ro-level

Table 1,3 sketches some of the missions and characteristics of a

on a few are appropriate.

While many of the points are straightforward, comment
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Major procurement decisions can have a critical impact on
the configuration of the industrial base. These decisions not only impact
a single weapon system but the configuration of the industrial base in
future years. Since major procurement d(-;‘isinns are critical to the
formation of the industrial base, assessment of the effect of various pro-

curement options on the industrial base would scem appropriate. Individual

procurement decisions are made on the basis of technical design, cost,

and political considerations, however, concerns for the industrial base arc
present in almost every major decision, Formalization of these concerns

in the form of industrial base assessment statements would allow a more
formal review of the direction a given award would lead in terms of indus-

trial base studies. These assessments appear to be critical in the next

5.10 years since contraction of the industrial base in scveral arcas appear
likely., The number of major awards from DoD is declining in most procurc-
ment arcas, thus the role of individual awards will be to partially determine
what companies will be viable defense contractors.  Longer term considerations
should systematically be input into these procurement decisions so that the
resultant industrial base after contraction will match the defease needs

of the nation. These assessmeoents need to be built on a sustained period

of data collection and analysis from the industry under question, Much

of the data needed to perform such an analysis would be casier to collect

at the point of a major procurement decision since some of the data is

routinely forwarded as part of the propos=al process,
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The absence of good historical data is a major impediment in doing
industrial base analysis, Data is likely to take a long time to gather in
these studies duc to the decentralized nature of subcontractors and the
fact that defense manufacturers are increasingly becoming part of
large corporations doing significant nondefense work.  Thus data routinely
available from companics is not useful for analysis of specific defense
divisions. Data becomes highly valuable and needs systematic and sustained
collection over time., Another {actor is the proprietary nature of the data
collected which mandates that data being collected by an outside contractor.
Companies are less likely to reveal certain data divectly to the government,
Some improvements in data could be obtained through closer cooperation
with other federal data gathering agencies (F¥1C, Census, Labor), Some
additions to such surveys as the annual survey of manufacturers, as well
as specification of alternate data breakouts would greatly improve the
usability of this data for defense purposes, It would also minimize the need
for industry to provide additional data to the governmment,

The nature of the study effort would scem to argue for a combined
inhousc and out-of -house effort where the out-of -house effort is a sustained
effort at studying scveral industries having similar charvacteristics,  The
nnl—n(«l.mnsv contractor would be responsible for industry data collection

and modeling, while the inhouse team would collect Do data and be

responsible for policy review,

+
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CHAPTER 2

Analysis of Data From Sceven Farbine Engine Manufacturers

The focus of this chapter is the seven turbine engine manufacturers

in the United States. These turbine engine manufacturers ave listed an

Table 2.1 together with their parent companites, characteristics anc

i"..‘A‘g\‘!'.

military engine sales in Y 75, The study does not include awrplane

engine manufacturers, nov does it consider foreign producers of turbine

engines,  Foreign producers and subcontractors with the possible exception
minor

of Rolls Royee of Great Britain have historically played a relatively

1975, Rolls

role in U.S. military turbine engine production.  However, in

Royce had 17 million dollars engine sales to Dob, Chis amount is r

greater than three of the U, S, manufaciurers, In recent years, juint

S, and NATO

engine development and production agrecments between U8

country manufacturers have also been initiated,  These agreoments are

mainly the results of the expanding NATO and world markets for weapon

U, S, companics are more competitive in these markets when

systems,

teamed with producers from other countraces, Ihis report covers only

the surge production capacity of U85, producers of military turbine

engines and DoD policies relevant to surge capacity of these companics,

S. tarbine ;

The scope of the current contract limited our mttial work to Uy

engine producers only, As joint ventures between foreign and U S,
N 1 ‘ H

manufacturers increase, future studies of surge capability will have to

Xk
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include a complex set of questions dealing with the possible role of

foreign producers in mecting wartime surge requirements,

With the exception of Williams Research, U,.S. manufacturers of
turbince engines have parent companies listed among the largest 300
companices in the U, S, Military turbine cngine sales in ¥Y 75 repre-
sented a varying fraction of total company sales. W illiams Rescarch
is a relatively small company with almost all of its business in the
engine sector,  Pratt and Whitney constitutes about 27 percent of sales
for United Technologies. For each of the remalning companies, military

a1

turbine engine sales represcuted probably less than 10 percent of total
company sales, This corporate arrangement differs significantly from
airframe manufacturers where military aerospace sales constitute
significant proportions of total company sales for companies like
McDonnell Douglas, Boeing and Lockheed, One effect of the corporate
environment for turbine engine manufacturers is that specific data for
turbine engine operations is unavailable through the standard industry
data sources (anpual reports, SEC Form 10 K, Standard and Pgor's, etc.}

: : i . ;
where data is provided by company.—  Data provided by the companics
to the ;‘_.o\'crnnwnt in the annual survey of manufacturers is of some
value in doing an analysis of the industry, However the SIC category
which contains airplane turbine engines also contains piston cngines

Y i recent proposed changes in company reporting procedurces by the

SEC are adapted, divisional data would be reported,
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and other engine components and parts.  Another problem with this data

is that much of the data collected cannot be reported due to the dominance .
of two of the manufacturcrs, A study of the turbine enpine industry is
thus heavily dependent on data voluntarily supplicd by companices,

In the period 1901-1975, there has been only one new entrant into

the turbine engine scector,  Williams Rescarch Corporation, althougph
started in 1954, has achicved significant sales during the late 00's and
carly 70's, Williams' successful entrance is due mainly to fechnologpical
campetitiveness in the very small turbine engine market. There have
also been no exits from the turbine engine scctor since the late 50's
and carly 60's. Curtiss Wright.and Bocing were the last companics {o
exit from the scctor. Turbine engine manufacturing was phasced out an
the late 1950's for these companics,  Thus in the 1960-1975 period,
the number of vu:x;p&niv:: have remained relatively stable.

To collect data, a survey was formulated and sent to the turbine
engine divisions of the seven companies listed in Table 2. 1. A copy of
the svrvey is provided in Appendix D, The data requested was historical

data from 1961-1975 in the following penceral arcas:

i Turbine engine production data
L Turbine engine characteristics for cach enpine produced
3. Sales data broken by source of sale (government, conumert al,

forcipgn)

4, Lead time data by component and enpine

«]17-




55 Employment and carnings data

6. Capacity data (value of buildings and machine tools)
i Cost data

8., FForeign supplicrs and subcontractors

9. IFuture expected environn ent

10 Resecarch and development exponditures,

The survey was sent out in November, 1976, Response (o the survey
was non-uniform. A single company refused to provide any data, while 3
companies provided near complete data sets. ‘Three other companics
provided partial data.  The time between the initiation of the survey and
the time when final voluntary company data was reccived was alinost a vear,
Once it became clear which data companies were going to provide, supple
mental data requests were forwarded to the Air Porce Acronautical Systems
Division at Wright Patterson Air Force Dasc., Some of the missing data not
provided voluntarily by the companies was filled in by the Office of Procure -
ment and Manufacturing at Wright Pattevson,  Table 2,2 shows the status
of data collection on the different survey tables,  Rather complete data has
been compiled on Turbine engine production in the 19011975 period,
xcellent data is also available on lead times, capacity and cmployviment,
Generally, the data on sales and cost structure was withheld by companices
and breakouts were not available in the detail desiveds This data from
industry was supplemented by historical Do expenditure data from the
DoD procurcment data base.  The following scections constitute an initial

analysis of the collected data,

18-
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Turbine Fingine Markets

There does not exist a single market for turbine engines in the cconomic
sense that the products are standardized or homogencous, Rather there
are several markets whose products are differentiated by engine charac-
teristics,  Bascd on turbine engine production data from 1970-75, we have
identificed turbine engine classces charvacterized by groups of companices that
compete within an engine class, Thesc classifications are based on actual
production of engines, but do not include engines currvently in rescavceh ov
development.,  Several companies currently ;;n: attempting to enter new mavkets
through engines in development,  Two dimensions account for most of the
product diffe rentiation among turbine engines - Power class and engine type,
There are 4 basic engine types charactevized by the output stage of the turbine

engine. These are:

1) furbofan engines
2) turbojet engines
3) turboprop engines
4) turboshaft engines

Within cach engine type, engines differ by power class, There appear to be

at least 6 separable products within the turbine engine proup where there

exists sulliciently dilferent engine technology, manufacturing scale, and

~20 -




market size to attract different turbine engine manufacturers, Table 2.3
groups turbofan and trubojet engines and distinguishes producers on the
basis of 4 »ngine power classes, Table 2.4 groups turboshaft and turbo-
prop engines and distinguishes 2 power classes.  Although therve are seven
nominal producers of turbine engines, the largest number of companies
competing within an engine submarket is four, The markets that have the
largest number of producers are the power classces within the tarboshaft,
turboprop market and the medium and smaldl turbojet and turbotan engine
markets, The large engine turbojet, turbofan markets has only two producers,
General BElectric and United Technologies, while the very small turbojet
engine market has only o single producer, Williams Research,

The turbine engine producers differ in their degree of specialization
among turbine engines. Figurves 2,1 and 2, 2 illustrate the range of cach
manufacturers' product line in the turbojet and turboshaft market,  Among
turbine engine companies, General Electrie and United Technologies have
the broadest product line. G, 15, produces engines in 5 of the 6 submarkets,
G, 15, differs from United Technology in terms of product line mainly by
having a significant part of the turboprop, turboshaft markets. United Tech-
nology through 1975 did not produce in the small turboshaft copine market, b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>