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ABSTRACT

This study analyzes data on selected Air Force
systems, subsystems and components with regard to
lead time. The first phase of the study resulted
in a preliminary analysis of the data and highlight-
ed areas for more detailed analysis. This report
focuses accordingly on five components-bearings,
castings, connectors, forgings and integrated cir-
cuits -- which have long lead times critical to sub-
system and system delivery times. Reasons for in-
creased lead times are provided and recommendations
made for actions which could result in decreased
lead times in the future. A definition of a model
for forecasting shortages of critical parts and mate-
rials is outlined in a final chapter. -
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1 EXECUTIVE SUMMARY

The purpose of this study is to identify the reasons
for increasing lead times in Air Force systems and to make re-
commendations which .could help to counteract lead time stretch-

outs.

Lead times for many Air Force systems increased dra-
matically over the period 1977 to 1980. For example, the A-10
‘aircraft had a lead time of 27 months in 1977, but this had
almost doubled to 49 months by early 1980. Similarly, the
F-16 aircraft's lead time was 20 months in 1977 but had more
than doubled to 42 months by early 1980. Severe stretchouts
such as theée prompted investigation by Air Force Systems Com-
mand in the spring of 1980. These long lead time increases
came without warning and one purpose of conducting a study
into the reasons for lead time increases was to establish a
means of predicting such situations in the future. Any such
forecast would need to include the availability of critical
materials and components. Air Force Systems Commmand sent
selected program offices a questionnaire requesting informa-
tion on lead times in 1977 and (January) 1980 for systems, cri-

tical subsystems and critical components.

This report firstly analyzes information provided by
the AFSC survey to determine ‘which components and materials
may be seen as critical to a significant number of Air Force
systems and subsystems. On the basis of this analysis recom-
mendations for action are made, and data gathering for a pre-
dictive system for shortages of critical components and mate-

rials is defined.
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The preliminary analysis or first phase of this study
was completed in a one-month period. This analysis showed
that the most dramatic and critical lead time increases had
been occuring among five groups of components common to a
large variety of aerospace systems and subsystems -~ these
components were identified as bearings, castings, connectors,

forgings and integrated circuits.

In the second phase, all data relating to these five
components was extracted and computerized using the Statistical
Analysis System (SAS) package on TASC's IBM 370 computer. Sta-
tistical analysis demonstrated similarities and differences
between the five component groups. For example, it was shown
that lead times had been stretching out most significantly (and
were also the longest in absolute terms) among forgings, and
that, in comparison to forgings, integrated circuits had low
"lead times in spite of the overall increases. Product-moment
correlation and multiple regression techniques showed a sta-
tistically high correlation between component, subsystem and
system lead times, showing system lead times to be strongly
dependent on component lead times. Components, rather than
sub-systems, were seen to be the basic cause of system lead

time increases.

The most frequent reasons given in the survey for in-
creases in component lead times were lack of supplier capacity,
high demand (also from the commercial sector) and methods of
doing government business. Other reasons quoted design problems,
materials shortages, production problems, labor problems, manage-
ment problems or the general economic situation as detrimental
influences on lead time performance for Air Force systems. The
repeated mention of limited manufacturing capacity as a deter-
minant of long lead times prompted a preliminary investigation
into capacity within the five industries studied. Suppliers

were contacted for clarification of this issue. Although there

1-2
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is a significant element of unused capacity at these Air Force
suppliers' plants, this capacity is not usually suited to mili-
tary aerospace orders. The majority of suppliers are not ex-
clusively in the military aerospace business, indeed, many
deliberately minimize their dependence on defense business

and maximize their revenues and orders from commercial cus-
tomers. Frequently, the defense suppliers stated that they
would be less reluctant to do more defense business if there

was greater certainty about future orders, (e.g., multi-year

orders).

Some recommendations made by the program offices in
.the survey were agreed to by suppliers contacted as an aid to
reducing lead times and a better way of doing government busi-
ness in general. Most recommendations made by the program
offices fell in the general area of procurement management.
These recommendations included a tendency towards more govern-
ment visibility, such as evaluation of contractors' purchasing
systems and lead time records and more communication with
primes and subcontractors. Suppliers were against any fur-
ther government control over their business but were in favor
of early planning, larger orders where feasible, and multi-
year program funding. Suppliers were also in favor of govern-
ment incentives such as higher depreciation allowances and
investment tax credits. Firms did not want the government to
establish new capacity but rather, act to encourage industry
if more capacity was seen as a long-term need. Basically, in-
dustry will provide mi}itary aerospace components, subsystems
and systems but would like to have greater certainty that this

business will continue for several years.
The government annual planning and budgeting cycle is,

of course, the established way of doing defense procurement, but

there seems to be a general rconcensus, certainly among suppliers,

1-3
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that all concerned in procurement would be in a better position
if some changes could be made to the annual procurement funding
cycle. Although procurement offices and suppliers tend to dif-
fer in their views on how to improve lead times and ways of
doing defense business in general, there are nevertheless

areas of agreement. It seems clear that suppliers will not
react favorably to any slight modifications of current sys-
tems, but, instead, would welcome departures from certain cur-
rent practices and new ways of doing government business.

On the basis of the foregoing research and analysis
and other studies (such as prior TASC work, and the DSB summer
study of 1980), TASC developed some recommendations which are
intended not only to aid in decreasing lead times in the fu-
“ture, but also to increase the general effectiveness of Air
Force systems procurement. These recommendations are:

® Multi-year Funding

Introduce multi-year funding for systems
which are likely to be procured over
several years

Raise termination liability from $5 million
to $100 million

© Improve Capacity

Dispose of government equipment which
uses outdated technology (e.g., more than
20 years old) and use proceeds to improve
equipment currently in use

Encourage industrial expansion of capacity
in areas which do not compete heavily with
commercial demand and for which there is
likely to be a continuing heavy demand for
defense purposes, through tax incentives,
etc.

1-4
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e Rationalize Orders

Simplify military specifications where
possible

Use more off-the-shelf items where possible
(e.g., connectors, integrated circuits)

Buy spare parts with initial procurement

Combine orders where possible to benefit from
economies of large production runs

® Address Critical Source Issues

Dependency on foreign sources

Sole source suppliers (e.g., require multiple
sources wherever possible, especially at the
lower tiers)

e Provide Incentives to Defense Suppliers

For example, more rapid depreciation, capital
CERELN T = investment allowances for defense business,
flexibility in profit margins

Improve cash flow to suppliers

Utilize Title 'III of the Defense Production
Act to provide loans or loan guarantees, sub-
sidize purchases, or support domestic mineral
eXploration and development

o Pre-order and/dr Stock Long Lead Materials
and/or Components e.g., Critical Materials,
Raw Forgings (Unmachined)

° Improve Current Regulations and Systems

Improve Defense Priorities System
effectiveness

Extend Defense Materials System to include
other critical materials such as titanium and
cobalt

Increase stockpile of critical materials in
light of current and projected needs. Review
conditions for release of materials

Reduce paperwork required by government
subcontractors

1-5
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® Other Recommendations

Monitor procurement cycle to see where
improvements might be made and lead times
reduced

Address issue of actual/projected lack of
skilled labor in key aerospace industries

Develop a forecasting system to give early
warning of shortages of critical parts
and materials

Data gathering for a predictive system, designed as a
decision-making tool for the Air Force, is defined in the last
section of this report. Through generating a set of defined

-indicators to provide early warning of a few, very selective
possible lead time increases and bottlenecks (from a dafa base
including commercial demand, defense demand, capacity and man-
power constraints, firms in the industry, queue time and manu-
facturing time) the system will enable the user to take preven-
tive and/or corrective actions. Analytical techniques such as
regression and network theory will be used to define the set of
early warning indicators. The system will be designed such
that other critical aircraft parts and materials can be added
in later phases as well as other Air Force programs. The pur-
pose of the predictive capability is to complement the indivi-
dual programs' visibility -- using their data -- but taking a
"horizontal cut" across a lower tier industry to try to give
warning on a very few selected items, of future component lead

time (and therefore system) problems.

1-6
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2. INTRODUCTION

Industrial mobilization during World War 11 and defense
production since thaf time have largely been carried out unre-
stricted by materials or critical components. During the past
30 to 40 years defense systems have not only become much more
expensive in terms of unit costs, but they have also become much
more complex in line with modern technology. Air Force systems

_now require coordination and processing of thousands of indi-
vidual parts and materials. Due to this demand and competing
military and commercial markets, some materials or parts have
become scarce, or the waiting time for their delivery has in-
creased drastically.

The Defense Production Act of 1950 established the

Defense Priorities System (DPS) and Defense Materials System
(DMS) in order to ensure the availability of parts and materials
(limited to steel, copper, aluminum and nickel) for defense pro-
duction purposes. These systems were used effectively during
the U.S. involvement in Vietnam. However, since 1973 it has
become apparent that the U.S. is not self-sufficient in many
vital materials, and that some critical parts for defense sys-
tems, as well as materials, have to be imported. This places

the U.S. armed forces in a vulnerable position.

In order to take effective action against the apparent
trends of increasing foreign dependency and extended lead times,
it is first necessary to understand where and why bottlenecks
occur in defense production. Corrective action can then be

tailored to fit the specific material shortage or industrial
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capacity problem. Preventive action is more desirable in the
long term than corrective action. To achieve this some method
of forecasting problems such as bottlenecks within the Air
Force systems production chain needs to be determined and estab-
lished. The purpose of this study is to aid in achieving these
goals so that, ultimately, the Air Force will have its systems

produced more efficiently and at less cost than is the case
today.

This report presents the results of the second phase
of a study conducted for Air Force Systems Command (AFSC). The
study of critical materials and parts was prompted by a concern
within the Air Force that control over systems delivery times
was slipping. The extended periods between a supplier's re-
ceipt of an order and the actual delivery of a completed sys-
tem (otherwise known as "lead time") had been increasing due
‘to -a number of factors, many of which were beyond the control
of Air Force procurement offices. It became apparent that the
chain of order (and, in reverse, of delivery) needed to be
examined in some detail in order to establish where and why
these lead times were increasiﬁg. This chain starts with an
order from an Air Force procurement office to the prime con-
tractor, who then selects suppliers for sub-systems if these
are not supplied in-house. These sub-system suppliers in turn
select their suppliers of components, who in turn select their
suppliers of raw materials. Although all suppliers in the chain
must be approved or '"qualified" defense suppliers, once they
have qualified.as such, the role of government is felt mainly
through the next link in the chain, rather than directly. Con-
sequently, a subcontractor is not held to be responsible and
responsive to the DOD, but rather to his customer, which is a

pPrime contractor.

AFSC selected a number of systems for identification

of bottlenecks and critical parts and materials. For each

2-2
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system, up to ten critical subsystems were identified, and simi-
larly up to ten components for each subsystem. The purpose of
this study was to analyze the input received from the AFSC pro-
duct divisions and identify the short and long term issues.
Further, the study was to provide the Air Force with the defi-
nition of a forecasting model for potential shortages of

materials and components.

The first phase of this study was a preliminary analy-
sis of the data provided by AFSC to highlight some of the find-
ings and to identify major problem areas (bottlenecks) that
would require special attention during the remainder of the

~study. The results of the first phase were provided both in
oral presentations and in bound copies of the viewgraphs used

in the presentations with accompanying text,

Proceeding from the findings in Phase 1, AFSC agreed
that TASC should focus the major effort in Phase II on examin-
ing problems which arise from the five specific components
which recurred as bottlenecks in a large number of systems
and subsystems. These components were:

] Bearings

® Castings

) Connectors

° Forgings

") Integrated circuits.

Data provided on these components were subjected to sta-
tistical analysis as described in Chapter 3. This chapter also
highlighted the strengths and weaknesses of the data and made
recommendations for any related data-gathering in the future.

The results are presented in Chapters 4 and 5. Chapter 6

2-3
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examines supplier capacity and materials shortages, two fre-

quently cited reasons for long lead times.

The data analysis also led to some tentative conclusions
about recommendations of methods to reduce lead times. These
initial recommendations were tested and amplified to produce
a short list of feasible recommendations. This short list of
recommendations included both long term and short term recom-

mendations, which are discussed in Chapter 7.

As a logical development of the foregoing analysis, data
gathering, and a system for realistically predicting materials
and parts shortages were defined and described in terms of key
parameters, techniques to be used, data needs and sources, and
other technical aspects. The description of this forecasting

system is to be found in Chapter 8.

Profiles supplying background information on the industries

studied in this phase are provided in appendices.

2-4
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3P METHODOLOGY

Phase II of this project focused on the five compon-
ents which appeared to be major causal factors of lengthy lead
times. Bearings, forgings, castings, connectors and integrated
circuits are the components most frequently cited as negatively
affecting the lead times of both Air Force systems and subsys-
tems. To better understand how these components influenced the
delivery of Air Force orders, information about the five were
coded and input to TASC's IBM 370 computer.

The data for the computer were obtained from responses
-to -questionnaires developed and distributed by the Air Force
Systems Command manufacturing staff. In March, 1980, program
officers of the Armaments, Space, Aeronautics Systems, and
Electronics Systems Divisions were asked to provide industrial

base data about specified systems. The information requested
included:

° The name of each system and ten of its
principal influencing subsystems

° 1977 lead time for each system and subsystem

° Current (January 1980) lead time for each
system and subsystem

® Lead time growth for each system and
subsystem

o Manufacturers of each system and sub-
system.

In addition, the above information was requested

about the principal influencing components of each subsystem.

3-1
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Program officers also were asked to discuss the causes of the

lead time growth and offer recommendations for reducing lead
times,

Although the questionnaire requested specific informa-
tion and provided a format for data entry (see Appendix D),
there were disparities in the data provided. Several program
officers were most cbmplete in their presentation, even to the
extent of specifying the type of component (e.g., aluminum
forging) about which they were reporting. In contrast, others
neglected to name the subsystem or 'its manufacturers. The
largest group of missing data (41-51%) concerned 1977 lead
_times. This omission can partially be explained by systems

which were not in production at that time.

Another area of concern was that when more than one
supplier of a component or subsystem was specified, only one
lead time was provided. This omission precluded us from thor-
oughly investigating whether the lead time for components with
multiple suppliers was lower than that of sole source contrac-
tors.

The AFSC staff sent a second request to program offi-
cers *as an attempt to complete the data set. This information
has proved most helpful and has facilitated our analysis. How-

ever, not all missing data problems have been solved.

After reviewing the data, a codebook was developed to
represent the given information and transpose it into a computer
readable format. The codebook is presented in Appendix E. Sub-
sequently, the data were entered onto a computer file and sta-

tistical analysis was undertaken.

The Statistical Analysis System (SAS) package was used

for the analysis. This package provides éomputer programs for
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a wide array of statistics, including univariate, bivariate,
and multivariate techniques. Univariate statistics, especially
the mean, were used in this report to describe the data distri-
bution. Chi-square tests and analysis of variance were useful
tools for assessing whether there were statistically signifi-

cant differences in lead times between components, manufac-

turers, and Air Force Divisions. Bivariate tables facilitated
two-way displays of the data, which were used as the basis for
various charts. Product-moment correlation and multiple re-

gression techniques permitted evaluation of the relationships

between component, subsystem, and system lead times.

It should be noted that, at best, the information pro-
vided only 1977 and 1980 lead times. Therefore, it is insuffi-
<cient to undertake a valid trend analysis. However, Phase II
has highlighted the strengths and weaknesses in the data and
outlined the data needs for Phase III.

In addition to the computer work, telephone interviews
and literature reviews were undertaken during Phase II. The
interviews were conducted with selected personnel from the
Department of Commerce, trade associations and various contrac-
tors responsible for supplying the five components. The pur-
pose of these interviews was to gain different perspectives

about the causes and possible remedies for lengthy lead time.

Purchasing magazine, Air Force publications and re-
ports, trade association statistics, and other literature have
been reviewed for industry-wide data on lead time and industry

capacity and expansion capabilities.
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3.1 SAMPLE DESCRIPTION

The data set represents information on 185 components;
10 bearings (5.41%), 26 castings (14.05%), 53 connectors (28.65%),
43 forgings (23.24%), and 53 integrated circuits (28.65%). These
components are parts of 12 systems and 64 subsystems. A total
of 100 manufacturers;of components (N=57), subsystems (N=31),
and systems (N=12) are represented in the data. Lead times
varied from 12 to 49 months for systems, 7 to 46 months for
subsystems, and 2 to 53 months for components. The four Air
Force Divisions are represented in the sample; 6.49 percent
_of the components were those listed by the Space Division,
21.08 percent by Electronic Systems, 61.08 percent by Aeronau-
tical Systems, and 11.35 perceht by the Armaments Division.
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4. FINDINGS -- SYSTEMS

4.1 BACKGROUND

This chapter presents an analysis of the data pertain-
ing to the Air Force systems that were studied. Twelve systems
from four Air Force divisions were included in the analysis.

The systems examined were:

° A-10

° B-52 Offensive Avionics System/Cruise
Missile Integration (OAS/CMI)

° E-3A
° ECMS (Electronic Countermeasures) AN/ALQ-137
» F-15
e F-16

° F-16 Operational Flight Trainer (OFT)

® GBU-15

® JTIDS

° Laser Guided Bomb (LGB)

° ?MALS (Prototype Miniature Air-Launched
System)

° SACDIN (SAC Digital Network)

The Air Force divisions provided information on more than
twelve systems, but only those mentioning the five components
of interest (bearings, castings, connectors, forgings, and

integrated circuits) were studied in detail. Figure 4.1-1
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AERONAUTICAL
SYSTEMS DIV,
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ELECTRONIC
SYSTEMS DIV.
{39)
ARMAMENTS
DIV. (21}
SPACE DIV.
(12)
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*Frequency refers to those responses actually used in the study
Figure 4.1-1 Distribution of Responses by

Air Force Division

gives the frequency of utilized responses by Air Force Divi-
sion, and shows that the majority of the data comes from the
Aeronautical Systems Division. Figure 4.1-2 presents the fre-
quency of utilized responses by system, with the F-16 providing
the most data on the components selected for detailed study and
the ECMS the least.

System lead times for 1980 have increased on the aver-
age by approximately ten months since 1977. For example, the
average system lead time in 1977 was 24.37 months, as compared
to 34.31 months in 1980. This lead time increase has been
driven by similar increases in subsytem and component lead
times. Subsystem lead times have increased by appfoximately
six months between 1977 and 1980, and component lead times show
approximately a five month increase for the same time frame.
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The statistical results presented in Table 4.1-1 show
a significant correlation between the system, subsystem, and

component lead times.

TABLE 4.1-1

LEAD TIME PRODUCT-MOMENT CORRELATION COEFFICIENTS
FOR SYSTEM, SUBSYSTEM AND COMPONENT, 1980

System/Subsystem 0.76368
System/Component 0.50110

Subsystem/Component 0.83732

The strongest correlation is found between subsystems and com-
ponents, where approximately 70 percent of the subsystem lead
time may be explained by the component lead time. The rela-
tionship between system and subsystem lead times is somewhat
lower, yet still shows that approximately 60 percent of the
system lead time may be explained by the subsystem lead time.
These figures verify what has been intuitively believed through-
out the study -- that component lead times directly impact the

ability of the Air Force to deliver systems on time.

Figure 4.1-3 illustrates the relationship between sys-
tem, subsystem, and component lead times for five of the sys-
tems studied. In the A-10 system, for example, it shows that
the ability to obtain forgings is driving the landing gear lead
time, which in turn drives the overall lead time for the system.
It should follow that if component lead times could be reduced,
subsystem and system lead times could also be expected to

decrease.

The survey respondents were asked to give their im-

pressions of the causes of lead time growth. The responses
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Figure 4.1-3 System-Subsystem-Component
Lead Time Relationships

which were general in nature, or which explained overall rea-
sons for system lead time increases are given in Figure 4.1-4,
Figure 4.1-5 shows in more detail the types of reasons that

were given for system lead time increases. Reasons given for
specific component lead time increases were separately coded,

and those responses are summarized in Chapter 5, Figure 5.1-4,

High demand was cited most frequently (18%) as the rea-
son for long lead times. Demand coupled with lagging capacity
(12%) accounted for 40 percent of the responses., Commercial

sector demand for raw materials and machine time, particularly

4-5



THE ANALYTIC SCIENCES CORPORATION
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Figure 4.1-4 Reasons Given for System Lead Time

in the automobile and electronic toy industries, was frequently

mentioned as a factor affecting the Air Force's lead times.

The dominant theme in the responses was that despite
the high demand and limited capacity, which affects government
and commercial buyers equally, the Air Force is not in a posi-
tion to compete equally with the commercial sector because of
problems industry has in doing government business. In parti-
cular, small volume orders make the Air Force a less attrac-
tive customer to industry than the commercial customers with
larger and more profitable orders. These small orders are the

result of government year-to-year funding procedures, as well
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as system-specific reliability requirements. Industry is hesi-
tant to expand capacity based on present defense demand because
historically the defense business has been so cyclical, and
from industry's point of view, offers no long-term guarantee

of steady buys. The Defense Priority Svstem (DPS), if used
effectively, could improve the status of Air Force orders by
requiring industry to fill the defense-related orders prior to
the commercial ones. VYet, the DPS does not appear to be fol-

lowed by industry or actively enforced by the Air Force.

Many government procurement practices were cited by
the respondents as aggravating lead time trends. As discussed
earlier, year-to-year funding results in small orders and gives
industry no assurance of continuing business. Qualification
requirements that must be met by companies before they are
allowed to produce military components are often very demand-
ing, expensive, and time-consuming especially for small com-
panies to meet. The result is that only a limited number of
firms are available to manufacture certain components. In some
cases critical parts and components are only available through
a sole source contractor, which can significantly reduce the

Air Force's options when trying to meet deadlines or adjust
time schedules.

Raw material shortages were frequently cited by the
Air Force divisions as contributing to long component lead
times, which in turn increase system lead times. In particu-
lar, limited supplies of aluminum, cobalt, nichrome, silicon,
and titanium were mentioned as impacting the lead times of
some Air Force systems. As discussed in Chapter 6, capacity
in some of these industries is currently expanding to meet

increased demand.

Air Force component reliability requirements are gen-

erally higher than those for commercial systems. This results
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in smaller orders and special production runs, which in turn
cause lead time increases and make Air Force orders less desir-
able to industry. Easing of the requirements or designing for

more off-the-shelf items would ease the impact on lead times.

Other problems seen as influencing lead time behavior
include labor shortages, general economic conditions, unique
manufacturing problems, and design changes made after orders
have been placed. Labor problems, and in particular the lack
of skilled aerospace workers and engineers, impact commercial
and military production equally. The overall economic condi-
tion of the country was cited as influencing lead times by dis-
couraging capacity expansion, causing high capital costs, and
resulting in reduced inventories.

Special manufacturing problems which impact lead times
include obtaining specific tools needed for production, tooling
no longer being available, and transportation and packaging
delays. Changes in design made after an order is placed are
more common in military than commercial procurements, due in
part to the changes that often take place in specifications
during the research or prototype development phases. Year-to-
year funding may contribute to design changes in that procure-
ment officers, eager to place an order in a certain year, may
be forced to later revise the order éfter further testing or

development.

The remaining sections in this chapter are devoted to
the analysis of system lead times. A brief description of each
Air Force Division which responded is given, and lead time

trends for the twelve systems are analyzed.
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4.2 SPACE DIVISION

The military, as a whole, generally needs higher qual-
ity components than the commercial sector, and the Space Divi-
sion's parts demand a greater degree of reliability than those
of other military systems. This need for higher reliability is
due to the environment in which the systems will operate and
the inability, in maﬁy cases, to quickly repair or replace a

component that has malfunctioned.

The Space Division's lot sizes for these special parts
are small in comparison with commercial orders. The result is
~that industry is often unable or unwilling to produce the orders
promptly. The commercial orders involve longer production runs,
standardized parts and greater profitability for the contractor.
There is, therefore, every incentive for the contractor to ful-
fill commercial orders before the special defense orders. The
Space Division considers these small orders of high reliability

parts to be the primary cause of increasing system lead times.

When compared to other systems in this study, Space
Division systems are unique in the way schedules are prepared.
Schedules are established by working backward in time from an
established launch date. As a result, design time is often
compressed to meet the launch-drive schedule and purchase or-
ders may be placed before the designs are firm. If engineering
changes occur late in the design process, then new part orders
must be initiated. The lead times associated with the new pro-
curements can be difficult to accomodate in the launch-driven

schedule.

The PMALS (Prototype Miniature Air-Launched System)
from the Space Division was analyzed for this study.
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4.2.1 PMALS (Prototype Miniature Air-Launched System)

The PMALS is jointly manufactured by Vought Corp. and
Boeing, and has a 1980 lead time of 48 months (no 1977 data is
available since the prototype is new). The components with the
longest lead times are shown in Table 4.2-1, which was prepared
by the PMALS project office.

TABLE 4.2-1

PMALS REPRESENTATIVE COMPONENT LEAD TIMES,
1978 and 1980

Lead Times In Months
Component 1978 1980 % Change
Microcircuits 5 12 140
Connectors 4 9 125
PROM/RAM 4 19 375
Small Forgings 8 27 238
Bearings 6 14 133

Lead time problems for PMALS are attributed in part
td heavy commercial and military demand taxing existing indus-
trial capacity. For example, precision forgings are presently
required for the Boeing 757 and 767 aircraft as well as for the
F-15, F-16, and F-18. Similarly, microelectronic parts are in

heavy demand for both commercial and military systems.

Leadtimes for PMALS components have grown substanti-
ally since 1978. The data on these lead times, presented in
Table 4.2-1 show lead times growing between 125 percent and
375 percent. However, the PMALS project office notes that cur-

rent economic conditions do not provide the incentives for
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facility expansion or modernization. Also, some smaller sup-
pliers are reportedly refusing government business entirely due
to difficult regulatory requirements. The shortage of special-
ty metals and lack of skilled manpower are also factors influ-

encing lead time growth.

The key subsystem producers for the prototype are
Hughes, Honeywell, Atlantic Research Corporation, (ARC) Singer,
Thiokol, Ball Systems and Hamilton Standard. Of these, both
Honeywell and Atlantic Research Corporation are sole source
for the roll reference assembly and guidance processor electron-
ics (Honeywell) and maneuver propulsion assembly (ARC). Texas
Instruments and National Semiconductor supply integrated chips
and semiconductors, while Intersil and Harris supply PROMS,
RAM and CMOS devices.

4.3 ARMAMENT DIVISION

The Armament Division systems require parts and mate-
rials that compete for industrial capacity with commercial sys-
tems. Throughout the Division's systems, castings, forgings,
integrated circuits, and connectors are the components with
the longest lead times. Material availability, particularly
high strength aluminum alloys, is an important factor in lead

time growth.

The Laser Guided Bomb (LGB) and GBU-15 were the sys-

tems analyzed from this Division.

4.3.1 Laser Guided Bomb

The Laser Guided Bomb is produced by Texas Instruments.
The survey responses did not provide lead times for the system

as a whole, but the lead times reported for the subsystems range
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from 10.5 to 11 months (1980). Therefore, it may be assumed

that the overall system lead time is comparable or higher than

its subsystems.

Lead times for integrated circuits (produced by Texas
Instruments, National Semiconductor and Fairchild) are attrib-
uted to the tremendous demand for silicon, which exceeds pre-
sent capacity levels. Forgings and castings are in high demand
from both the military and commercial sectors, with lead times

further aggravated by material shortages.

Growth in laser guided bomb component lead times be-
tween 1978 and 1980 is depicted in Table 4.3-1. The increases,
between 13 percent and 70 percent, are considerably less than

seen in most of the systems examined.

TABLE 4.3-1
LGB LONGEST COMPONENT LEAD TIMES, 1977 and 1980
Lead Time in Months
Component 1977 1980 %_ Change
Castings 6 9 50
Connectors 6 9 50
Forgings 8 9 13
Integrated Circuits 5 8.5 70

The optical filter included in the DSU-18/B Detector
subsystem has shown a decreased lead time since 1977. This is
attributed to recent advances in optical coating technology,
as well as to the increased availability of glass, the key

material in the filter.
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4.3.2 GBU-15

The GBU-15 is produced by Rockwell International and
has a 1980 lead time of 15 months, an increase of one month
since 1978 to 1979. The contractor attributes this lead time
growth to the relatively small production quantities that have
been required over the lifetime of the system. An example of
this problem is the Vidicon subsystem produced by RCA. For
this subsystem, the glass melting required for the glass bulb
and glass face plate only takes place twice a year and is a

sole~source item.

The GBU-15 components with the longest lead times are
presented in Table 4.3-2; because no historical information was
available only 1980 figures are given.

TABLE 4.3-2
GBU-15 LONGEST COMPONENT LEAD TIMES, 1980

Lead Time In Months
Component 1980
Bearings 6 
Castings 5
Connectors 10
Integrated Circuits 7

The Actuator subsystem, produced by AiResearch, has
the longest lead time of any of the subsystems at 13 months.
The survey response indicated that this lead time is normally
16 months, but that it can be reduced to 13 by offering workers

premium pay and (presumably) assigning them to work extra shifts.

4-14



THE ANALYTIC SCIENCES CORPORATION

4.4 AERONAUTICAL SYSTEMS DIVISION

The Aeronautical Systems Division (ASD) systems often :
involve components ordered in small lot sizes. Because of E
changes in procurement funding at the system level, long-term
guarantees of order volume cannot be provided. The small lot
sizes, combined with uncertainty about sustained ordering, put
these systems at a disadvantage when competing with the commer-
cial sector for available industrial capacity. This situation

is aggravated by the year-to-year budgeting practices of the
government.

Insufficient industrial capacity is also seen as a con-
tributing factor to long lead times. Both low capital invest-
ment and manpower shortages are seen as problems. Two reasons
cited for the reluctance to expand capacity are the current
economic climate and a belief that current demand levels will
be short-lived. The suppliers hope to level their production
and thereby avoid wide fluctuations in employment levels and
the inefficiencies that result. Availability of materials,
such as titanium plate, can also be a factor in system lead
times.

As illustrated in Figure 4.1-1, the largest quantity
of data for this study was provided by ASD. The following ASD
systems are included in the analysis: A-10 Aircraft, F-15 Air-
craft, F-16 Aircraft, B-52 Offensive Avionics System/Cruise
Missile Integration (OAS/CMI), ECMS (Electronic Countermeasures)
AN/ALQ-137, and F-16 Operational Flight Trainer (OFT) - Simula-
tor. The F100 engine and TF34 engine were treated as subsys-
tems in this analysis.
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4.4.1 A-10

The A-10 is produced by Fairchild (FRC) and has a 1980
lead time of 49 months, up 22 months from 1977. Figure 4.4-1,
supplied by the program office, illustrates the character of
lead times for 1977 and 1980.

The A-10 landing gear is the longest lead time item on
the airframe at 46 months (1980). Fairchild divides purchase
of the finished product between Bendix and Menasco on a 50/50
basis, with Fairchild providing both companies with the forg-
ings required to make the landing gear. Capacity is given as
the principal cause of this lead time. Wyman-Gordon, the forg-
ing supplier, reported at the time of the survey a 139 week
(33-month) lead time for any new forging orders. Their work-
load was reported as 38 percent military and 62 percent commer-
cial at the North Grafton, Massachusetts GOCO (government owned
contractor operated) plants. One of the main problems is that
Wyman-Gordon schedules both commercial and military orders on
a first-come-first-served basis, and the Air Force has not de-
manded priority scheduling. The actual time for production was
25 to 39 weeks, with queue time accounting for the balance.
Bendix, on the other hand, is working at 60 percent capacity,
and parts flow time has not changed for several years. Figure
4.4-2, supplied by the A-10 program office, summarizes how time
is allocated for producing the landing gear.

The A-10 system lead time is also affected by the
shortage of -titanium sponge. Because of an overall titanium
shortage, mills are not filling total orders, but are appor-
tioning supplies amongst their customers. Also, the mills are
reluctant to produce special alloys or grades. As an indica-
tion of the tight supply, prices for all grades have tripled
or quadrupled in the past year. '
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Fastener supplies are sold out for the next three years
as a result of strong commercial demand, and this is influencing

the A-10 lead time. Milspec electrical connectors also have
increasing lead times, though' manufacturers are increasing capa-
city and relief is expected in the next few months.

Aluminum plate and extrusions present a problem simi-
lar to fasteners for the A-10: suppliers are quoting 70-week
production lead times while Fairchild requires the material 52
weeks before deliveries.

Table 4.4-1 presents the longest component lead times
for the A-10.
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TABLE 4.4-1
A-10 LONGEST COMPONENT LEAD TIMES, 1977 AND 1980
Lead Times In Months
Component 1977 1980 % Change
Forging 21 42.5 102
Bearing -- 16 --
4.4.2 F-15 1

The F-15 is produced by McDonnell-Douglas and has a
1980 lead time of 44 months, an increase of 12 months from 1977.
Table 4.4-2 indicates the components with the longest lead

times, and the changes in these lead times between 1977 and
1980.

The longest lead time subsystem is the F100 engine at
36 months (domestic) or 41 months (European Participating Indus-
try). This engine, produced by Pratt and Whitney, is also used
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TABLE 4.4-2
F-15 LONGEST COMPONENT LEAD TIMES, 1977 AND 1980
Lead Times In Months
Component 1977 1980 % Change
Bearings 8 37 50
Castings 10 12 20
Forgings 12 36 200

in the F-16. The lack of forging capacity is the constraining
factor on the engine lead time. Titanium forgings, produced

by Wyman-Gordon, Reisner Metals, and Carlton Forge are the pac-
ing components for the engine. Sufficient information was pro-
vided on the forging lead-time to further characterize it as
follows: queueing -- 21 months; melt -- one month; forging --

6 months; inspection, packaging, transportation, and administra-

tion -- 8 months.

The data provided for the F-15 were scant, making

further analysis impossible at this time.

The F-16 is produced by General Dynamics and has a
1980 lead time of 42 months, up 22 months from 1977. Table
4.4-3 shows the components with the longest lead times and how
they have changed since 1977. The F-16 lead time increase is
primarily attributed to the lack of forging and casting capa-

city.

The longest lead time subsystems, at 39 months, are:

Weapon Pylon, Fuel Pylon, Centerline Pylon, Conventional Weapons
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TABLE 4.4-3
F-16 LONGEST COMPONENT LEAD TIMES, 1977 AND 1980
1977 1980 % _Change
Bearings 16 33 106
Castings 17 39 129
Connectors i0 27 170
Forgings 17 39 129

RIU, Aim 9 Missile RIU, and the Nuclear RIU. For these subsys-
tems, each produced by General Dynamics, castings and forgings
have lead times of 38 months.

The Ammunition Handling System (an F-16 subsystem) is
currently being produced by Sperry Vickers in Norway, but was
previously made by General Electric. The overseas location of
this manufacturer has increased the subsystem lead time in that
additional transportation time is now required. Machine capac-
ity is also considered limited.

4.4.4. B-52 Offensive Avionics System/Cruise Missile
Integration OAS/CMI

The first delivery unit of the B-52 OAS/CMI, produced
by Boeing, is scheduled for January 1981. Therefore, no actual
production information was reported in the survey; only esti-
mated figures were given. The system is to be delivered in
three lots: Lot I is scheduled to have its first unit deli-
vered in January 1981, Lot II in June 1981, and Lot III in
May 1982. The estimated lead time for Lot I deliveries is 18
months. 1In Table 4.4-4, FSED (Full Scale Engineering Develop-

ment) lead time figures for 1978-79 are included for components,
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TABLE 4.4-4

B-52 OAS/CMI LONGEST COMPONENT LEAD TIMES,
1978-9 AND 1980

Lead Times In Months

Component 1978-9 1980 % Change
Bearings 6 12 100
Castings 2 12 0
Connectors 8 12 50
Forgings 15 21 40
Integrated

Circuits 2 1L 500

and these numbers are contrasted with estimated Lot I 1980

figures.

The Data Transfer Unit, produced by Sundstrand, has
six digital integrated circuits which influence lead time.
These IC's are produced by Texas Instruments (TLl), Advanced
Micro Devices, National Semiconductor, and Signetics. The es-
timated lead times for 1980 range from 32 to 50 weeks (7 to 12
months) depending on manufacturer. Projected increases between
the 1978-9 experience and Lot I range from 42 weeks on one
Texas Instruments IC, to only eight weeks on another.

The Attitude Heading Gyroscope Set produced by Lear
Siegler is influenced by bearings, castings, connectors, and
ICs. DXAl ratings are used on all B-52 OAS purchase orders let
by Lear Siegler, though the ratings were actually needed only
for the delivery of cobalt materials used in laminated rotary
components. This particular subsystem is not anticipated to
have any lead time growth between that reported in 1978-9 and
Lot I in 1980. Lear Siegler attributes this to be the use of
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multiple source procurements, reserved manufacturing time, and

blanket/annual agreement purchase orders.

The Radar Altimeter subsystem, produced by Honeywell,
anticipates reduced lead times on Amphenol connectors (from 24
to 12-16 weeks), and no increase on Dolphin casting lead times. 5

These figures are in contrast with those provided by most re-

spondents to the survey.

A great variety of suppliers are used for the B-52
OAS/CM1 components so there should be little conflicting demand
on the same manufacturer for different components for this
system. The main reasons given for increasing lead time for
the components are high commercial and military demand, inade-
quate plant expansion, lack of skilled manpower and processing
problems due to the need for high reliability parts.

4.4.5 F-16 Operational Flight Trainer (OFT)

The F-16 OFT is co-produced by Singer/Link and DISA,
and has a 36-month 1980 lead time, up 6 months from 1977. The
five subsystems discussed in the data are all produced by Sin-
ger/Link. The project office reports that connectors, inte-
grated circuits, and aircraft parts have the longest lead times
for this system. Table 4.4-5 shows the longest lead time com-
ponents for the F-16 OFT (historical data was not available).

TABLE 4.4-5
F-16 OFT LONGEST COMPONENT LEAD TIMES, 1980

Lead Time In Months

Component 1980
Connectors 15
Integrated Circuits 9
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The automobile and electronic toy markets are again
cited as consuming huge amounts of integrated circuits. Both
these industries are able to forecast their needs several years
in advance and buy larger quantities at one time than the Air
Force.

The Student Station has the longest subsystem lead
time at 23 months. The aircraft parts supplied by General Dy-
namics are the constraining factor, at 20 months. Therefore,
the same component lead time problems facing the actual F-16
are translated into similar problems for the simulator. The
F-16 OFT project office suggests that a possible solution might
be to order the required simulator parts along with the parts
for the aircraft itself.

4.4.6 ECMS AN/ALQ-137

The EMCS AN/ALQ-137, produced by Sanders Associates,
has a 1980 lead time of 16 months, up four months from 1977.
Integrated circuits, connectors, and traveling wave tubes

(TWT's) are the most troublesome components in the system.

Low power and Schottky ICs produced by various com-
panies are in high commercial demand, with only 15 percent of
the work in the industry being done for the government. Com-
mercial companies are able to make three to five year order
commitments in contrast to the small quantities procured by

the government.

Traveling wave tubes' lead times are increasing (from
20 to 32 weeks in 1977 to 52 to 78 weeks in 1980) due to the
rigid performance specifications required. 1In addition, many
of the tubes fail or are rejected. The TWT industry as a whole
is declining due to the use of solid state devices, and there

has been significant personnel turnover aggravating this trend.
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Connectors manufactured by Amphenol have 1980 lead
times of 13 months, in contrast to three months in 1977. The
surge in commercial demand is again blamed for the lack of
capacity in the industry. Government business is estimated
at less than 15 percent of the total input of the connector

industry.

4.5 ELECTRONIC SYSTEMS DIVISION (ESD)

The ESD E-3A, JTIDS, and SACDIN (SAC Digital Network)
systems have been analyzed for this study. Supplier capacity
was given as the primary cause of increasing lead times for the
Division. These problems are experienced by both commercial
and industrial customers, though government procurement prac-
tices which result in smaller orders of more specialized com-

ponents are seen as contributing to the problen.

While significant lead time increases for certain com-
ponents have impacted ESD programs, the responding office notes
that there has not been a corresponding increase in the lead
time of most electronic systems. This situation is attributed
primarily to the action being taken by prime contractors and
higher tier subcontractors to make certain components in-house

rather than buying them from suppliers with capacity problems.
4.5.1 SACDIN (SAC Digital Network)

SACDIN is produced by ITT, and has a 1980 lead time of
41 months. The system has only been in existence since 1978,
so comparative data were not included. The component data
given were not subsystem specific, but instead reflected cur-
rent ITT general commodity lead time experience. It is inter-
esting to note that component lead time is a problem even in

interdivisional transfer/purchases; for example, rack and panel
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connectors from ITT's Cannon Division take up to 21 weeks for
delivery. Table 4.5-1 gives lead times for representative
SACDIN components. No historical information was available,

so only 1980 figures are presented.

TABLE 4.5-1
SACDIN LONGEST COMPONENT LEAD TIMES, 1980
Component Lead Time in Months
1980
Bearings 5
Castings 6
Connectors 8
Integrated Circuits 7

4.5.2 JTIDS

JTIDS is produced by Hughes Aircraft and has a 1980
lead time of 24 months, up two months from 1977. The JTIDS
program office was not able to supply much commentary due to
time constraints, but indicated that capacity, system design
changes, and high quality parts all contributed to increased
lead times. Table 4.5-2 gives the longest component lead
times for JTIDS. .

The lead time growth for the JTIDS system is fairly
modest in comparison to some areas in ESD, reflecting perhaps
the high degree of vertical integration across the spectrum of
subsystem-to-system assembly (i.e., Hughes is the contractor
for all of the seven subsystems). The principal increases in
component lead times have been identified as connectors, chips,

captive fasteners, universal modems, teletypewriters, PROMs, ICs,

4-26



THE ANALYTIC SCIENCES CORPORATION

TABLE 4.5-2

JTIDS LONGEST COMPONENT LEAD TIMES, 1977 AND 1980

Component Lead Time in Months
1977 1980 % Change

Connector 3 10 233
PROM 2 12 500
Integrated

Circuits 7 12 71

resistors, hybrid ICs, and rivets. Lead times for some of the
component categories vary significantly, both within and across
subsystems, which would appear to indicate that the reasons for

lead times differ even between generally compatible components.

4.5.3 E-3A
The E-3A is produced by Boeing and has a 1980 lead
time of 45 months, up 30 months since 1977.

Data provided for the E-3A can be classified under
the rubric of airplane and avionic "systems" (the propulsion
system was not included in this study). This division also
facilitates the consideration of two major systems that are
subject to different sets of industrial constraints, as the
E-3A combines a civil airframe (Boeing 707) with an extensive
military electronics package. This division of origin w0pld
suggest that procurement issues affecting the delivery of the
aircraft would reflect conditions affecting the manufacture of
civil aircraft in general, while the electronics sytems would

represent a competing military interest.
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Aircraft - The conditions which significantly affected
the lead time growth of the aircraft were primarily a combina-
tion of difficulties in obtaining raw materials and the dimin-
ishing capacity of the machine tool industry. Both of these
problems are critical in the Pacific Northwest, where Boeing
maintains main production facilities. In addition to rising
energy costs, power shortages and a shortage of electrical
assemblers/machinists inhibit aluminum producers from expanding
capacity to meet an increased demand from aircraft manufactur-
ers. Other high demand raw materials for aircraft, such as

titanium, are in short supply.

Capacity is a serious constraint in the segment of the
machine tool industry that fabricates large complex parts for
airframes. While the closure of facilities in the Cleveland
region has shifted a sizeable burden to other suppliers, there
is little incentive to incur the high costs of expanding exist-
ing facilities. Data provided by Boeing indicate that require-

ments for new tooling carry long delivery times.

Avionics - The reasons for growth in the lead times of
avionics systems for the E-3A vary somewhat between components
but appear in general to be affected by a shortage of industrial

capacity devoted to military electronics products.

Several subsystems, particularly identification, com-
munications, and data display, cited strong competition from
civilian markets for products with IC technology. Some of the
more common reasons for the inferior competitive position of
the military have been small batch size and lower profit margins
of military runs, excess risk associated with meeting MILSPECS,
and constraints on the utilization of productive capacity and

skilled personnel.
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In addition, some suppliers have cited factors that
are external to material and capacity constraints. 1In the case
of the surveillance radar, WECO cited a lack of test equipment
to support an increase in production. Other significant time
delays result when certain components confront state-of-the-art
problems which inhibit delivery of other components in the sub-

system as well (e.g., the Hughes TDMA communications computer).

Table 4.5-3 gives representative lead times for E-3A components.

TABLE 4.5-3
E-3A LONGEST COMPONENTS LEAD TIMES, 1977 AND 1980

Lead Times in Months

Component 1977 1980 %_Change
Castings 5 12 140
Forgings 9 17 89
IC Chips 8 11 38

In summary, the project offices responding to this
study reported similar overall reasons for lead time increases.
At the component level, small Air Force orders and high commer-
cial demand coupled with lagging industrial capacity are cited
across all the systems as contributing significantly to longer
lead times. 1In turn, the extended component lead times cause
both subsystem and system delays. Chapter 5, which follows,
discusses the individual components examined earlier in this

study.
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S & FINDINGS -- COMPONENTS

5, I BACKGROUND

The analysis of data pertaining to component-level
lead times is presented in this chapter. Though many types of
components were included in the original data, the five that
were cited most consistently as having long or rapidly growing

lead times were analyzed for the study. The components are:.

o Bearings

® Castings

® Connectors

® Forgings

® Integrated Circuits.

Figure 5.1-1 shows the response frequency by component. Each
time one of the five components was cited in the data a sepa-
rate coding entry was made. Therefore, the information on
these five components is as complete as the data, in contrast
to the system-level information which was included only if one
of these components were given as influencing system lead time.
Bearings have been excluded from some types of analysis because

they appear only ten times in the data set.

As discussed in Section 4.1, component lead times drive
subsystem lead times, which drive system lead times (see Table
4.4-1 and Figure 4.1-3). Figure 5.1-2 shows the five component
lead times for 1977 and 1980. 1t is significant that 25 percent
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Figure 5.1-1 Frequency of Response, By Component

of the lead times for 1980 fall into the 20 to 43 month cate-
gories, whereas in 1977 only one percent of the lead times were
in these categories. In 1977 40 percent of all components'
lead times were between two and six months, but by 1980 only

15 percent were in this time frame.

Figure 5.1-3 presents 1980 lead times by component.
Each component, except integrated circuits, appears in four
categories, which indicates that the Air Force is experiencing
not only longer lead times, but also a wide range of component

lead times. Integrated circuits and connectors, the components

e
Frequency represents all occurrences of the component within
the systems studied. :
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in this study which are used most heavily for commercial appli-
cations, generally have shorter lead times than the components'
suppliers which have a higher proportion of military business.
It may be concluded that where commercial demand is high, it

is actually helping keep some Air Force lead times down in that
those industries are willing to expand capacity for more pre-

dictable and steady commercial-military requirements and other
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Figure 5.1-3 Distribution of Components By
Lead Time, 1980

suppliers are more reluctant to expand when the military is a
significant customer, but one periodically affected by large
program variations. It should also be noted that integrated
circuits and connectors are intrinsically easier products to
manufacture than forgings, for example, and this also has an

impact on the lead time.

In many cases the survey respondents differentiated
between reasons for overall (system) lead time increases, and
reasons for component lead time increases. The general reasons
are discussed in Section 4.1, and summarized in Figure 4.1-4
and Figure 4.1-5. The reasons given specifically for component

lead times were separately coded, and are shown in Figure 5.1-4,
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Figure 5.1-4 Reasons Given for Component Lead Times

However, a comparison of Figure 4.1-4 and Figure 5.1-4 (which
indicate general and component-specific lead times respectively)

shows a strong similarity.

The exception is the category of capacity, which repre-
sented 12 percent of the general reasons and 26 percent of the
component specific reasons. This indicates that capacity is a
greater problem in the component induétries than in the subsys-
tem or system integration industries. This, in turn, is due to
the higher demand from the commercial sector at the component
level, compared to the subsystem and system levels. For exam-

ple, commercial demand for micro-electronic components places
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greater stress on the micro-electronics industry than commer-

cial demand does for aircraft assembly on the aircraft industry.

Approximately one-third of the component data may be
identified by type of component, such as lined bearings or PROM
integrated circuits. When this information was available from
the data it was separately coded. Nineteen different types of
forgings, fourteen types of integrated circuits, nine types of
connectors, eight types of castings, and five types of bearings
were mentioned. The hypothesis was that certain types of com-
ponents may require longer production times than others, and
that this might account for one manufacturer showing a wide
range of lead times for a component. Table 5.1-1 shows lead
times for selected component types. The lead times do not
show much variation from type to type (with the exception of
bearings), and further data, perhaps coupled with industry
interviews or visits, would be needed to fully test the hypo-

thesis.

The components with the longest lead times in any par-
ticular system can be seen as driving the system lead times,
Table 5.1-2 shows which of the five components have the long-
est lead times for each system. Forgings are the limiting com-
ponent for six systems, connectors for four, integrated cir-
cuits for three, and castings for two (though in some instances,
such as the Laser Guided Bomb, more than one component had the

same lead time).

The following sections present an analysis of lead
time trends 