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ABSTRACT

Problem Statement: This paper examines the aerospace

industry capacity for surge production of tactical fi-hra-
aircraft in response to a national emergency. It 2 s
conceptual overview of the asrospace industry, some ione

industrial production factors, and a discussion of tn . oL

F-4 production surce. A vertical slice study of =2a-n P
aircraft under consideration is then provided, followed v a

horizontal slice study which addresses wajor critical prodaceiicn

factors and on-goiny corrective actions.

Findings/Conclusions: ™here are nunerous dottlenecks ar?
capacity constraints affecting the ability to surge tle

8 e

oroduction of F-14, F-15, ¢~-16, and F/A-13 aircraft. == the

day a surge is ordered, a nominal six months would ela;:
the first additional aircraft rolled off the production line.

would be approximately three years before sustained produc.i~v

rates reached the inherent surge potential capacity of each
plant.

Recommendations:
1. Efforts to ovtain funding for an additional vear (
lead items should be strongly supported.

2. Zfforts should he made to place these and other aircrai.

for wnich a production surse is contemplated on multi-year
contracts.

=
f

3. Aircraft procurement prograins shonld be funded at a leavel
that will allow production near the moust economically efficient

rate.

4. Manufacturing technoloyy Liaprovement programs shouid bHe

applied as soon as possible.

5. An indeptn study of the F-J4 surje production experience

should be made to preserve the lessons learned.
€. The aercspace lapbor warket snhould be studiesd, and, 1f

necessary, a program to traln workers in critical skills should

Te estaplished.

7. Further horizontal slice s<adies siiould ve made -  wvary

1«

supcontractor sectors to dete2rmine the aporsximate tota’ canaca

to oroduce the critical itams ilientified.

THIS ABSTRACT IS UNCLASSIFIED

|

ICAF f(m 5755 [REVISED)




L R L O W e rorrryrrrrreTe ey — —
o e e e e, - -, N . B R R . . - I X P . L. ¥

EXECUTIVE SUMMARY

This study examines the aerospace industry capacity for
surge production of the F-14, F-15, F-16, and F A-18
aircraft. The goal of the study is to identify bottlenecks
and capacity constraints which would hinder a surge in the
production of these aircraft in response to2 a na fars’
emergency. The paper provides a conceptual overview ~f thno
aerospace industry and presents some general indu=tria’
production factors. Next, a discussion of the 1966-67 F-4
production surge is provided, followed by a ver+ti. ' . ire
study of each of the aircraft under cor:: = ... .
examine the interrelationships which nmay T e
bottlenecks and capacity constraints, a horiz i¢. o oias e
study 1is also presented in which the s !
production factors and on-going corrective acti.us are
discussed.

The study concludes that there are numerous bottleuecks
and capacity constraints affecting the ability tc s.rge the
production of r-14, f-15, F-16, and F/A-18 aircca: From
the day a surge is ordered, a nominal six months wru . elapse
before the first additional aircraft rolle T the
production line, and it would be approximately tin.ee .. &
before sustained production rates reached the inherent surge
production capacity of each plant. Two major (o tins
creating this time delay are:

- The time to assemble and deliver an airplane is
approximately one year.

- Thae reorder lead time for many aircraft parts exce .=
two years.

Critical lony lead parts include:

- Avionics

- Canopies and Windshields

- Electric Power System Components

- Engines

- Environmental Control Systems

- TForgings and Castings

w - Fuel, !lydraulic, and Pneumatic system wvalves, gages,
) actuators, pumps, and components

‘] - Landingj Gear
4

Al

v

)
.

L

- Machine Tools

- Titanium Skin

- Wiheels and 3Brakes
-  20mm Sun

SN S

iv

AR A o

S %t




T Wy T e e O I
¢ T WY T, e adi* sl e i S A S e S .

-l e placiaant Saa iy A b 4 &SRO ML\ ANl Rl LA RN B .

“
o
LS}
e
.

s

i s . . N

o In addition to these itemns, shortages of skilled 1. A
}Q materials are identified as potential provlers.

»:_:'

e The study recommends:

e - The Industrial Preparedness Program efforts ' - oad;
o funding for an additional year of long lead items sh.-114

e strongly supported because it can significantly in-rease o
%; surge capability.

.l - Efforts should be made to place these airu..- !

D other aircraft for which a production surge is cCoaccupao.u i
. on multiyear contracts.

- Aircraft procurement programs shoul:
level that will allow production near the nmos' . .
efficient rate for a one-shift, 40-hour week

- HManufacturing technology improvements shov i’
applied as rapidly as possible.

- An indepth study of the F-4 surge productiocon
experience should be made to poreserve the lessons -~

- The aerospace labor market should be stuil =~ a4,
iZ necessary, a program to train workers in criti- :
should be established within the Industrial Prepared:=ss
Program or in conjunction with other federal "jobs pranramae

= Further horizontal slice studies should be male
various subcontractor sectors to determine the approximare
total capacity to produce the critical items identified in
this paper. These findings should then be comparsi +- ' -
total prime contractor surge demand, thereby deter—:
where the potential demand exceeds the potential s )
A balanced corrective program should then be prepare:i an:?
presented to Congress for funding.
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. CHAPTER I

INTRODUCTION

"The bottom line is that even if we «& . 1,
for mobilization of our resources, we wui
to deliver significantly larger aircraft gqu::
in the first 24 nmonth period. A chillirn:
is that after nearly 13 months under OB AR
conditions, we could expect to get ... 1.
additional F-15s and F-16s than ... the currently
contracted delivery schedule." ~- General Alton 0.
Slay, Commander, Air Force Systems Command, id
November 19380 (29:1I11-18)

The statement above, and many others like it lec-i
to ask why such a condition exists. It appears tha* t"2
United States, the leygendary "Arsenal of Democracy" in w.v
War II, cannot simply gather its muscles and in a mattes f
months, if not weeks, produce fighter aircraft fa: o
pilots can be trained to fly them. Such a capabiii’'y =0 0
important since peacetine budgets have not allowed cth iiniten

States nor its allies to produce enough aircraft to m~-tch the

numbers of modern fighters being fielded by the Sovir [RISR Sty
and its clients. For each of the last ten years, the “oviet
Inicn nreoduced over 1,000 fighter aircraft per year wiiiie the
U.S. produced roughly half that number. (33:21,25 Vi, e
United States, and its allies are faced with A  vdie Lo

e e deaniamdiatanbindadaindndniataldsabodode i afol at o fe s  fctodoeteitotedataee siacaa o’ & a4 a_a_a_al_al W oa. _,j
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superior threat composed of tecnnolog.calily Coa

aircraft. This threat cculd prevent the deterrence of - ..
the exercise of other desirable policy ootions becaise =2
U.8. could not bring sufficient forces to bear or hava 1 e
nurierical depth to sustain the losses necessary to pvovs' L,

a major conflict.

This study will attempt to identify the Dbo* i«

\

capacity constraints which might affect the cap-:

vy

rapidly increase the production of #-14, F-15, F-ju.
F/A-18 aircraft. Research included nurerous previuus
studies, briefings, and publications ©bearing on the sub ect,
plus interviews with Department of Defense and cont: otor
representatives having knowledge of the aircraft indust:,

The highlight of the research effort was a visit tc the

McDonnell Douglas Aircraft Company in Saint Louis, Mis-our

1

to obtain first hand knowledge about the F-15 and F,r-"0

i
t
b
)
)
L
¥
i L)
it

.
4
- v
4
4
o

production process and capability.

()
T ]

et

Early in the study it Dbecame evident that ideni: ™ iy

specific bottleneckxs and constraints would be a monurental

&

)

o task. Since each of these aircraft is built ~f noees

}‘4

N supplied by literally thousands of subcontractors, 1t wonld
not be possivle to accomplish an  in-depth analysis 7 the

J )

fﬁ subject within the time and resources available. Ny e iing

8

N the study to focus on only one of the aircraf:

1 seiected ovecause a meaningful study o0f Dbottleno - ap

, 4

" .J

4

_'.-.
.
1
N
|

* . -‘.
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constraints must consider the effect of sever. ! e e,
simulraneously attempting to surqe or SO T e fhed
production lines. To 1illustrate, consider the Asarnssace
industry to be represented by the system shown in Fijuire
The output flow of F-l4s, F-15s, F-16s, F/A-18s an. - =

parts is dependent first upon the prime contract:
represented by the bucket with five outprais  7on
Regardless of the prime contractor capacity, °

output flow cannot exceed the input flow
subcontractors. tHowever, for the short term, the out it flow

can be increased if there is an excess of "liquid" assets in

the prime contractors' bucket. Obviocusly, a shr - torro
output surge can e continued only until the excess P
drained off, unless the input flow is simultanesusly

increased. One way to obtain such an input increasc .3 “o0
reduce the flow of items in the pipeline branch which pours

into the bucket labeled "other aerospace industries." T

5]

flow diversion could be accomplished either by assigning a
higher priority at the subcontractor level to tho: Lhe
needed to produce the aircraft in guestion, or by cu'tina out

other production altogether.

3]

Another factor to be considered in Figure
maintaining a useable mixture of items within *®ie  piree
contractor's bucket. For example, the input flow cor i noes,

must contain the propar numbers of the various enqdines nooie’

D T WL T . PP WU, S0 S P A U W Y ™ Aad et o 4 - P
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SUPPLIERS AND
SUBCONTRACTORS FOR
AEROSPACE ITEMS

= , - o
/%f THE PIPELINE
’ \ \
OTHER A
AEROSPACE PRIME CONTRACTORS FOR
INDUSTRIES AIRCRAFT UNDER STUDY

\ 0

A
SPARE PARTS
OTHER PRODUCTS

F-14 F-15 SPARE F-16 F-18
AND AIRCRAFT 4 F-15S

PARTS
THE AEROSPACE INDUSTRY PIPELINE
FIGURE 1
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by each aircraft if all output faucets are
flowing at the planned rate. Thus, the subcor-:actor:
production capacity has a direct influence on a nrime

contractor's output.

In addition to this conceptual look at the overa;’

industry, one must consider the production flow for each

aircraft. Figure 2 shows a typical production . .- d_ .1 .o
into three phases: (1) procurement of material, (2 '-
fabrication and subassembly, and (3) final assemb:v ;i

testing. Representative times for each phase for the type
aircraft under consideration are shown along the bottom of
Figure 2. To this time can be added the time require. for th-
contracting and the funding processes, and one begins to L
why General Slay is pessimistic about our ability to oprodace

large numbers of aircraft upon short notice.

With this introduction to the conceptual framewo-~x of

the study, we will turn in the next section to a discussion

of the general industrial production factors which mu-.t Le
consideread 1in the search for bottlenecks and capacity
constraints which affect production of the F-14, F-15, F-16,

and F/A-18 aircraft.
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CHAPTER I1I

INDUSTRIAL PRODUCTION FACTORS

TERMS OF RLFERENCE

Before discussing the findings, some terms of reference
must be established. The following are defini-ion=s - ~rmanly

used by experts on the subject.

- DNormal capacity - The production rate based on one <hifr,
40-hicur work week.

- Surge capacity - A rapid production increase using 1.4
shifts, 40-hour week.

- Mobilization capacity - Three full shifts, 48-hour week.
(34:12)

Table 1 shows that each of the aircraft examined in this
study is currently being produced at a rate well belcw the
surye capacity. As will be shown, over 24 months would bLe
required to increase production from the existing rate to the
surge level. Since Table 1 shows considerable prime
contractor capability standing idle, one might conclude that
the surge potential would be enhanced; however, this 1is not

the case, as will be seen in the next section.
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Table 1. Annual Sur¢e Capacity Vice Current Production rate

F-14 F-15 F-16 F/A~-18
Surge Capacity 96 144 228 204
FY 33 Production 24 52 120 §4
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PRODUCTION ACCELERATION CAPABILTY

Figure 3 shows the results of a McDonnell study of
fighter production capability. The study assumes 42 nonths
of aircraft at various monthly production rates are on order
at M-Day, and a 30 month reorder lead time. As shown . the
figure, the first aircraft ordered on M-Day would not be
delivered for approximately 18 months, regardless of the
starting production rate. The study also showed a direct
correlation between higher delivery rates and Dbest surge
potential. For example, the popular idea of maintaining a
"warm base" is represented by the lowest curve on the graph,
a production rate of two aircraft per month. In this ~ase,
72 aircraft would be 1in the pipeline on M-Day for delivery
within 36 months. A surge from this condition would produce
48 additional aircraft within this 36 months, a 67% 1increase
above the warwi tase prcduction rate. On the otner hand, the
figure shows that surging from a production rate o 1o

aircraft per mentn would increase the quantity delivered b
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74%, from 3350 to 625 aircraft at the 6 month

Although there 1s only 3 small difference in the percen aue
increase "etween these two cases, 67% vice 74%, the absolute
nunbers differ by a factor of more than 5.5 to 1 (265 vice 4o
additional aircraft). Thus, the ‘"warm base" is relatively

inefficient as a basis for producing large numbers

aircraft in response to a surge requirement.

Another 1important factor which varies with the .
production rate can be seen by examining the relative upwaliu
slopes of the cdashed lines at the 36 month point in Figure 3.
The steeper the upward slcpe, the higher the production rate
at the end of the period. Again, the "warm base" doe. not
compare favorably as its slope is relatively flat. ThC s
difference apparently results from two benefits associated
with higher production rates. For the airframe manufacturer,
it ©provides a network of subcontractors accustomed to
supplying raw materials, forgings, or detailed parts on a
regular basis at a high level, which encourages investments
in modern eguipment and trained personnel. The same response
is required by the airframe manufacturer; he nmust also expand
and upgrade his facilities and expand the pool of trained

nanpower.

A key item of interest in Figure 3 is the significautly

nighe2r numncer of aircraft which c¢ould be produced 1t ore

vear's adiiticnal long lead time items were on hand prior o
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M-Day. The analysis shows that 1n every case, the v

guantity delivered could be anproximately twice that pr-wvides
by the vasic rate at the 30th month if one year's long 1sad
items were procured 1in advance each fiscal year. ticDonrne:)

Douglas drew several conclusions £from this study:

- An airframe manufacturer's capability to accelearar.
weapon system deliveries is significantly constraza. i o '
capability of suppliers of critical complex items whe
or three viable sources exist for each, and the cost .|
maintaining standby suppliers is prohibitive These
items include

- Engines

-~ Radars

Inertial Navigation Systems

Environmental Control Systems

Large Forgings

The existing industrial capability for fighter aircraf:
(because of low production rates for existing programs) would
require substantial periods of time to produce contingency
aircraft inventories.

- The capability of a single source to accelerate system
deliveries from a given basic rate of production is equal to or
greater than two sources each producing at half the gi»n -~}
and the premium cost of maintaining multiple sources for
identical or similar purpose systems or components is
considerable.

- The capability to acquire added aircraft earlier and »
greater quantities could be enhanced by:

- Stockpiling complete aircraft.

- Increasing the current basic rate of deliveries of
systems in production.

- PRuying long lead items concurrent with each pianned
fiscal vyear procurement for the next fiscal year. (5)
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McDonnell Douglas' £findings have been confirmen
others examining the oproblemn. For example, a "Joint
Departnent of Defense, Office of Management and Budget
Aircraft Industry Capacity" study stated:

"Assuming a l-year warning, with appropriate
mobilization actions, existing warm productior
lines would beygin to compensate partially for
losses in 18 to 24 months... ." (34:7)

The DoD/OMB study also identified surqge production
constraints related to:

- Engines

- Radars

l.anding gear

- Some numerical control equipment

- Some fabrication shop work

- Shortage of tocling engineers

- Large forging capability (34:32)

Finally, the DoD/OMB study pessimistically concluded:
"Comparing attrition and surge production
estimates raises a gquestion about the utility of
surge production." (34:33)
It is therefore apparent that there are significart

capacity «constraints, and that prime contractors are

currently producing well below tiheir normal capacity.

PE
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TRENDE IN LEAD TIME

One important indication of the existence of capacity
constraints and Dbottlenecks 1is the amount of lead time
required to obtain an 1item. In late 1980, General 31..
testified that the lead time for titan.um forgings was 1.7
weeks. (29:III-17) This long lead time resulted from "a 1978
surge of new orders of Jjetliners ([which] sp:rked
upturn in the industry's ailrcraft production bacw!. .
(1978] Aircraft deliveries of all types numbered 19,960, tue
hiyhest figure since the post-World War II record vyear of
1966." (1:30,31) The 1979 delivery figure was also over
19,000 aircraft; however, deliveries Jdecreased to 14,78 irn
1980, and then to 11,954 in 1981. These reduced deliveries
resulted in shorter lead times. By late 1982, the 117 week
lead time for large titanium forgings had decreased to 39-42
weeks, as shown in Table 2., Unfortunately, the lead tine
decrease shown for large titanium forgings and, indeed, al:
the items in Table 2 cannot be attributed to the presence «f
any tnew suppliers. Rather, an across-the-board decrease in
lead time for all items 1s a result of the decrease in
aircraft orders during the current economic recession. It
seerms reasconable to expect the lead time for each item to
quickliy return to a much higher value in the event of
ecHnzrilT ra2covery Oor a surse in  orders, such as would onour

if civiiian aircrafec production were to be increased. Basad

ot e - - . Lo . -
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on the =2xpectation that the longer lead times shown 11 a0,

2 are representative of a surge situation, there mav Dbe
significant constraints in the capacity to produce all the
items listed. These items will be discussed in more detail

in the following pagses.
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Table 2. Aerospace Products Lead Time Trunds
(Weeks) (5)

PEAK CURRENT CHANGL
DEC 79 OCT 82
ALUMINUM EXTRUSIONS 70-85 12-16 -69
ALUMINUM SHLET/PLATE 48-72 12-26 -4
BEARINGS 52-86 24-30 -56
CASTINGS - LARGC 46-43 26-36 -12
COBALT/MOLY STEEL BAR 44-52 26-36 -1¢
ELECTRICAL COUNECTORS 26-68 156-28 =40
ELECTRICAL WIRE 52-60 12-16 -44
FASTEMERS 34-38 8-22 -le
FORGINGS - ALUMINUM & STEEL 70-115 34-40 -75
FORG1NGS - TITANIUM - LARGE 100-129 39-42 -78
HINGES 72-90 25-28 -62
HYDRAULIC FITTINGS 80-84 32-40 ~44
MACHINING - LAKGE 34-36 24-30 -6
ROU ENDS 52-65 24-30 -35
RUBDER PRODUCTS 18-26 12-16 -10
TITAMIUM - SHEET/PLATE 55-85 12-20 -65

*************i**************************************************Q

ECFEZCT OF LEAD TIME ON PRODUCTION

The =2ffect of these 1longy lead times on a prime
con~ractoar's arnility to increase nis production rate is shown
P

1n Yigure 4. Cas+tings and forgings must be ordered at leas*




ATRCRAFT MANUFACTURE vs MATERTAL LEAD TIMES
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24 months before they are needed in the fabrication procezs.
Likewise, valves, pumos, and actuators must be ordered
approximately 24 monthis before they will be needed; some
government furnished items, such as ejection seat catapults,
must De ordered even earlier. Add to these items the 13
rmonths shown for the prime contractor to assemble and test
the aircraft, and it ©becomes apparent that aircraft orders
placed on M-Day will not be delivered until apprcu.mately

1/2 to 3 years later.

Anotner effect of long lead time on surge production
capability is shown 1in Figure £. The figure shows that the
production rate can begin tc increas.: immediataly after !'-Day
by consuming parts which are on hand and those which arrive
throuyn the pipeline as a result of old orders. Once these
parts are used, however, production must fall off
dramatically until a new supply of long lead items arrives.
rigure 5 will be discussed further in the section of this

paper which presents the F-15 vertical slice study.

It must be noted at this point that almost all the data
available concerning surge production seems to reflect a
"business as usual" assumption. Several of the persons
interviewed said that surge production response time could be

yreatiy reduced if the government established priorities and

used mobilization powers to allocate resources. Comparir-i
ths -4 surge actual experience, whicr will be discussed
- 16 -
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F-15 SURGE CAPABILITY
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later, to the surge predictions for the F-i4, F=15, =16, :ad
F/A-18 seems to indicate that current projections are
somewhat conservative. Nonetheless, the degree to which

these estimates may be biased was impossible to determine, so
all predictions are presented without any attempt to quantify

the degree of conservatisn.

EFFECT OF TOTAL REQUIRUMENTS BUILD-UP

The build-up of reguirements for materials, parts, and
labor frequently exceeds the capacity of various sectors of

the industry, creating an increased lead time for a given

item. For example, Figure 6 illustrates how this
requirements build-up occurs for the F-16 program. The prime
contractor's requirements for items to support USAF

production, foreign military sales programs, war readiness,

the surge program, spare parts, modifications, and repairs

generate orders for vendors. These vendcrs have a finite

productive capacity, and, as the figure shows, are also

receiving competing orders. Frequently, the vendor's
capacity 1is exceeded. This situation has the following
effects:

- Material lead time is increased.

3 - Increased turn around time fcr repairs.

- Increased product price.

I
s e e 0T

‘3 - Delay and lack of support in the field.
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- Serious program impacts from field sujdport emer e o

- Reduced capability to accomplish modification programs.
- Vendors are forced into making priority decisions. (22)
Obviously, then, there are complex inter-relationships functicning

within the aerospace industry to create production bottlenecks.

Another inportant factor to be considered, 1s the demand
for parts to support the operational forces. It is 17
that any situation reguiring surge or nobilization oF

aircraft production would also require a greatly increased

level of flight activity for the operational forces. Of
course an increased operational tempo would cause a
corresponding increase in the rate of spare ,ar:s f

consumptiocn, and , thereby, create a competition in demand
between parts for productior., versus parts for existing
forces. Further, if there is a shooting war, then Dbattle
damage will almost certainly create demands for parts and
structural members not normally consumed in peacetime. It is

likely that lead times will increase in this situation.

This look at the general industrial scene sets the stage
for an examination of specific cases. 1In the next chapter a
vertical slice study 1s presented for each of the subject

aircraft. Additionally, experience gained during the surge

1n F-4 production for the Vietnam War is suiimarized.
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CHAAPTER 11

VERTICAL SILICE STUDIES

In the process of obtaining information for this paper
vertical slice studies of the F-14, F-15, F-16, and F,/A-1*%
were conducted. 1In addition, a vertical slice study was ma-}
of the experience gained during the Vietnam wa. surge in -
production. The results of these studies are presented -

this chapter.

PART 1

THE F-4 PHANTOM Il CASE STUDY

During the period 1953-1979, McDonnell Douglas
manufactured 5,057 F-4 Phantom II fighter aircraft. As par¢
of the Vietnam era buildup, McDonnell dramatically increase:!
the production rate of the F-4 aircraft. Their experienn-e ;r:
surcging the production of this modern fighter shoull e
studied by anyone contemnlating surge production preparedness

for a future national emergency.

F-4 aircraft deliveries in 1966/67 were accelerated fromn

a rate of 43 aircraft per month to a peak of 71 aircraft pner
month, generating 35, 360, and 5920 additicnal aircraft 12,24.

and 36 ronths £from go-aheadl. The additicnal guantities
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delivered were 26%, 39%, and 43% greater - 12, 1,

months after go-ahead than would have been produced at the
planned rate of 38 aircraft per nonth. The 1increasend
production was accomplished by the use of many unskilled new
enployees, and the same make/buy plan and supplier team
existing at the time the production acceleration was
ordered. During 1966-67, the normal time svan from ordering

until delivery of additional F-4 aircraft was 21 months. ({5}

McDonnell Douglas undertook the accelerated production
with a "letter-of{-intent" contract and endeavored to maximize
production of F-4 aircraft with no specific end in sight.
From their perspective, it was more like full mobiliz. :ioun
than a surge. Figure 7 shows the F/RF-4 combined delivery
rate. Figure 8 shows the actual delivery acceleration
achieved. ticte that beyond 24 wmonths after go-ahead,
McDonnell could have continued to increase production tco
provide 584 aircraft more than the number finally ordereqd
during the 36 month period, an 85% potential increase in

production. (5)

Two McDonnell employees, Mr. Leo C. Brethauer, Direcio-
- Plans and Schedules, and Mr. Ponald F. Guempel, Manager -
Production Scheduling, vividly recall the F-4 surage
experience and provided the following inzights on lessons

learned and relationshins to current production aircraft.

(15)
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The main Dbenefit to future surge productiovn from
studying the F-4 experience would probably be in the area of
"management" rather than the production process. The F-4 was
"assembly intensive", requiring a lot of sheetmetal work and
riveting; whereas, for newer aircraft sucihh as the F-15 and
F/A-18, the fabrication process is much different, requiring
large machined components and compos.ites. Composite
materials must be shaped and bonded oy hand, and then heated
and pressure treated in a small nurmber of large, in-house
autoclaves. The production of these materials may create

nottlenecke which did not exist in the F-4 sheet metal era.

For the F-4, as many actions as possible, includinc
machining, were removed from the imirediate assembly area to
nearby buildings. No serious problem was encountered in
obtaining additional building space nearby, and "brick and
mortar" 1is not exvected to Dbe a constraint 1f McDonnell

should have to surge current production aircraft.

Labor was not a constraint for the P-4 surge; ample and
sufficiently skilled employees were available. Some
adjustments, of course, nhad toc be made, and there was a large
training reguirement, but ic¢ was manageable. Employees
already on the payroll worked increasaed snifts, and were used
to train new emnioyees. This allowed a rapid expansion of

the workforce. ~figure 9 shows the huild-up of direct
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production personne. dur.iag the F-4 soro-.
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ror F-4  assembly, the critical pathh was through the

)

cockpit, where there was only room for one worker at a time.

3
2
e

o
.

The key to solving th:s bottleneck was toO spread out the
production and assemdly process so that more and more units
could be put in flow. This solution should also be

applicable to current production lines.

As the F-4 nanufacturing accelerated, demands for
sub-assemblies and spare parts to supply both production and
operational requirements caused a comvetition for these
issets, which required DoD arbitration. Attrition and high
utilization rates 1in the operational forces in a future
national emergency could also be expected to increase spares
demand at the same time that surge mroduction 1is relying for
its success oOn the same parts and sub-assemblies. The

shortags now, however, could even be more severe than for the

F-4. In avionics, for example, many U.S. sources for
electronic parts are drying up. Several U.S. electronics
firms have been bought out by foreign competitors. McDonnell

Dcuglas enmplovees reflecting on the 7-4 era f~el that early

parts procurement is the key to successful - .rge production.

The init:ial surge in -4 production consurad long lead
items such as forgings, eagines, and landing gear mnuch faster

than the nipeline could nrovide. Once the parts on hand were
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used, a drop in production occurred while awiar: oo voce ot

more lcng lead items. The Dest way to avoid this situation
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in a future surge would be to keep a larger rolling stock of

such iters on hand.

One of the major lessons learned from the F-4 experience
i< was that the larger the existing production rate. based nn a
L

?I one shift, 5-day work week, the greater the surjc potential.
ﬁ} From this standpoint, 1t may be Dbetter to have one
manufacturer producing at, for example, 20 units per month
rather than two sources each producing at only 10 units per
month, In the latter case, not only is the surge potential
less, bu:t also, the two manufacturers may be producing well
below an economically efficient ievel, which may force one or

both to cease production of that item.

These are oniy sorne of the highlights as recalled by
Messrs. Jrethauer and Guempel. Many ¢f the »ersonnei who
accomplished this feat are no longer with XMcDonnell Douglas,
including top managemrment. Most of the remaining employees
who did participate are nearing retirement and will take with
them the lessons learned during this surge production
axnarience.  An indepth study of the F-4 surge should Dbe
acconplisii2d to record this valuable cxperience in the

fishter aircracft iladustry. Additional ianformation on the F-4

Phanctom 1T surge 1is prov.ded in Appendiu A,
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PART I1I

THE F-14A TOMCAT

DESCRIPTION
The F-14A Tomncat is a twin seat, variable sweep wiad,
supersonic fighter manufactured by the Gruwua: AQrosp.2:2

Corporation, Bethpage, Long 1Island, ©New York. It is powered
by two Pratt and Wnitney TF30 turbofan engines, each capable
of producing 20,900 1lbs of thrust using afterburner. Capable
of operating from aircraft carriers, the F-14A has a maximum
desiyn speed of Mach 7.0+, and a service ceiling in excess of
50,000 feet. The Tomcat's variable-sweep wing is
automatically positioned for best 1lift throughout its flight
envelope. The wings sweep to 68 degrees for high-speed
maneuvering, but when fully extended, permit take-offs in
less than 1,000 feet and landings in 1less than 2,000 feet at
speeds below 120 knots. The F-14 is equipped with the AWG-9
Weapons Control System, which 1is capable of controlling six
Phoenix missile launches while simulcaneously tracking 24
targets 1in all weath=r conditions. In addition to the
Phoerix missiles, zhe r-14 can carry 6 3parrow missiles, 4
Sidewinder missiles, a-d one 20mm Vulcan c¢ecnnon. The F-14

was designed to renlac: the F-4, and is currently operational
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witn the U.S. Navy.

ERUDUCTION RATES

The F-14 nade its first flight 1in December of 1970. By
March of 1983, Grumman Aerospace had delivered 456 F-lds ¢to
the U.5. Navy, and had sold 80 to Iran. F-14 production has
been set at a comparatively low rate for the last few years,
not requiring an expansion of facilities or major purcnase of
new equiprment. Only two deliveries per month are planned
duringy FYs 34-36. Grummar is also producing the A-6E, LA-6B
and E-2C, each at a rate of 6 aircraft per year. In
addition, Gruminan has recpened the C-2 line to support the
Department of Defense FY 84 funding request for 8 C-2

aircrait. (8:93}

Grumman's major manufacturing facilities are located on
Long Island, Yew York, in Nassau and Suffolk Counties, where
the mnajority of the f-14 airframe 1is nanufactured and
assemblad. Additional Grumman manufacturing sites operating
in support of the F-l4 program include plants at Stuart,
Florida, whére subassemblies are manufactured, Milledgeville,
Gecrgia, where composite material i1s produced, and Glen Arm,

Maryland, where nachined parts are produced.
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. montins. Procurament lead tine for raw materials and «»
- subsystems lengthen total f{low time for production to
D appruximately 44 months. Raw materials to support production

of the F-14 have a lead time of 5 to 12.5 months, while
certain fo.dings without machining are 12.5 to 16 months:
major titanium forgings are 20 months. Subassemdlies such as
; the landing gear and nacelle inlets have lead times of 49 and

59 months respectively, while certain actuators take up to «u

Bl

months.

while lead times for titanium and aluminum sheets,
plates, extrusions, rods and bars, and £orgings have
decreased recently, lead times for electronic componei.ts such
as integrated circuits, connectors, and transistors continuae
to increase, currently running at 7.5 to 12 months. Avionics
componerts such as transmitters have lead times as long as 20
months. Relays and contactorc can take up to 25 months.

(12)

POTENTIAL PRODUCTIOCOWN RATES

Based on an advanced draft report entitled “Industrial
Preparedness Planning, Fiscal 1934" submitted to the Naval
wWeapons LEngineering 3upport Activity in October 1982 by the
Grumman Aerospace Corporation, the ncompany has th- capability
tc simultanewusly =spand production of the FfF-14A  A-6L,

Te-063, anl - 2 prcvided car:cain prereguisites are
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satisfied. Grumman's analysis considers four conditions: (1)
Surge without stockpiling long lead items, (2) Surge with
long lead items stockpiled, (3) Mobilization without

stockpiling long lead items, and (4) Mobilization with long

lead items stockpiled. 3urge is defined as " a state of
national concern wherein maximum efforts are applied tc

selected programs to advance delivery within the capability

of existing facilities and eqguipment 1in a peace-time
environment." flobilization is defined as "a state of
national emergency or crisis wherein contractors and

suppliers are given Governmen* direction to satisfy DoD
requirements. " The gyground rules and Grumman's analyses

assumptions include:

- The data used to support the analysis would be from
Grumman's FYB2 experience with M-Day considered to occur on
1 October 1981. Grunmman's business base is per the March 1982
Zorporate llaster Delivery Schedule.

- Grumman would sinultaneously increase production of
the F-14A, A-6E, EA-68, and E~2C to maximize mobilization
rates.

- Preferential treatment and priority would have been
accorded by the government to DoD suppliers.

~ The stockpiling of long lead items under conditions
2 and 4 would provide materials and parts when required for
manufacturing.

- Goveraaent furnished 2quipment woucld be provided as
reguired,

- Trained manpower woulld be availaeble.
~ Additional requirerer=s for mactining, particularly

those requlring gantry machine tools, cculd be subcontracted.
(12:111-7,3)
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The 1982 Grumman report is still in draft, and spe -1’
data for the time to produce the first adiitional aircraft
under surge conditions, or to achieve a sustained production
rate at mobilizatior. levels was not available. However,
valuaple information in terms of work weex and shift
requirements, manufacturing cycle time, and additional

facilities and equipment reguirements were pre-ided.

Under condition 1, surge with no stockpiling, production
is limited by the unavailability of 1long 1lead items. One
full shift working 40 hours over 5 days with unscheduled
overtiire as necessary will rmaintain production; however,
there would be a need to add second shifts in some
departients. Total aircraft flow time would be reduced to 28
months by shortening fcrging time, machine time, and in-house
manufacturing time. Under condition 2, surge with
stockpiling, <two 6 day, 56 hours per week shifts would be
required, and total aircraft flow time could be reduced fronm
28 to 16 months. (12:I11-2,IV-4) An earlier study reported
by the llaval Air Systems Command in June 1981 confirmed that
Grumman's ability to surge with or without stockpiling was
the same for the first 15 mcnths. The elapsed time tc reach
maximum capability was rcduced from 36 to 24 months by

stockpiling lonj lead iteas. 135:10)

Jndar Condlzions - and 4, mobilization without and with
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stockpiling respectively, manpower would increase to three
day shifts, 56 hours per week until the maximum production
rate 1is achieved. It would then be reduced to two & day
shifts, 56 hours per week. Total aircraft flow time would be
reduced to 14 months. The 1981 Maval Air Systems Command
study stated that Grumman could start acceleration in 21
months, reaching a maximum of 8 aircraft per month in 28
months without stockpiling. With stockpiliing acc.ieration 1s

reached in 17 montns and maximum production in 21 months.

If Grumman was required to simultaneously suryge or
mobilize cproduction o©f the F-14A, iA-6E, EA-6B, and E-2C,
1dditionai spac= and :quip.ent would be required. Grurman's
in-house machining capacity woucld be saturated, ever with use
of subcontractor sJapport. If the outside machined parts
industry is also saturated, additional eguipment and space
would be reguired. Grumman's facilities on Long Island would
be able to support surge of the F-14r if the production of

the other aircraft were noct surged.

BOTTLENECKS AND CONSTRAINTS

Of all the factors that affect a company's ability to

increase its production rate, one of tne most important 1s

current Jdelivery rate. The capability to surge F-14A

production is limited by the low de.ivery . ate. The F-14A

producticn rate has decreased *2> 2 =-ircr:=£ft per mont.. as
- 34 -
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production approaches the planned total buy of the aircratr.
Therefore, unless the U.S. MNavy decides to increase its total
buy of F-1l4s, or foreign military sales are made, the current
delivery rate of F-14s will remain low. To make matters
worse, the other aircraft currently Dbeing produced by
Grumman, the A-6E, EA-6B, and E-2C are also being produced at
a very low rate. Even the reopening of the C-2 line is
associated with a small buy o©of aircrait at a .rouw prouduction
rate. While Grumman's analys:s shows the capability of
increasing production of <the F-142 by a high percentage
during surge or mobilization, only 5 additional aircraft per

month are ©ein produced after this 1ncrease. 1ncreased

[1¢]

oroduction above this rate is possible, but the lower the
current delivery rate, the longer it takes to deliver the
first additional aircrefs, and the csmeller the total number

of aircraft deliverasd over a given periocd of time.

The guantity of aircraft on order has an impact similar
to that of the "current delivery rate." The greater the
quantity of aircraft on order, the easier 1t is to accelerate
the £low of @material in the pipeline to support surge
production. To maintain prodacticn at the desired
mopilization rate, lead time would have ~u be reduced enough
to £ill in the vacuum created by the initiel surge usage of
items in the pipeline. Accelueration of items in the piveline

can ve 1lmproved and tuhe impact of thz initial surge »acuun
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can be decreasad by the stockniling of long iead items. Onee
again, this becomes nmore difficult in the case of the F-14 as
deliveries approach the planned total buy. At the point in
time considered hy the Grumman analysis, stockpiling of one
year's long lead 1itens for production at mobilization rates

would exceed the planned peacetime program totall In

2 ey AN AARCE S - —~ LSRN

addi:ion, certain suppliers would complete work two or three
years before the planr ed program end, and would ha.e stopped
productior unless funded tc keez their 1line open with e

deliveries.

The ability cf suppliers ts accelerate and/or 1increase
production of long lezad itemes is a major bottleneck ° an
attempted surge or wchilization. The major long lead items
associated with the production «f the F-14 are shown in Table

3. In addition, numerous avionics/weapon system components

Ax A KA R R KRR T FA AR AR Rk TR R A AR AR IAR AR TR Ak kb k kb hodrokdedkdkkddokdd At

Takle 3. F-14A Major Long Lead Items (36)

ITEM SUPPLIER LEAD TIME (MONTIIS)

INLET ROHR 40

LANDING GZAR BENDIX 40 |
ACTUATCR HAMILTOM STANDARD 3% i
FIN & RUDDER FAIRCHILD 33 |
FLAT/SLAT LRIVE CUPTIS WRIGHT 33 |
JOINT ARKWIN 33

UTDER BENDINX 33

LAUNCHER RAYTHEON 33

KARER kR AR R R R R ARk ok rnar AR . axkkhkbhxhd wchhhbhhbddhndwrr
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used in the F-14 are comnon to other U.S. Navy tacei-

aircraft. The Inertial Navigation Set, Electronic Altimeter,
TACAN Navigation Set, Accelerometer Countinyg Groups,
Interrogater Radar Set, Receiving Decoding Group, Radar
Beacon, UHF Radio, ECM System, Guided Missile Systemn, and
20mm Gun System are used by both the F-14A and F/A-18. (36)
It can be assumed that many other items ..ritical to the
production of tactical aircraft come f£rom the same supplict
or group of suppliers. The ability of some suppliers to
support the surge or mobilization production rate of two or
more aircraft csimultaneously nust Dbe questioned. The
challeinge is tc letermine who <those suppliers are at anv
point in time, and then provide them the incentive that wi'l

allow for a timely and substantial increase in production.

The remaining i1tem to be ccnsidered is the availability
of trained manpower to supgort the higher production rates
associated with surge or movilization. Grumman has conducted

an extensive aralysis for each of their facilities impacted

by a need to accelerate production of Navy aircraft. In
order to increase prcduction to meet mobilization
reguirenerts, Grumman wodld have to significantly .ncrease

its work force. The buik of that inc.ecce would e in the
manufactering area, with machlinists and electronic

technicians Decing the wost difficult tc recrurt. Grumman has

maintained a fairly level work force s. e tue earlv 1970's,
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K and thus does not have a meaningful "call Ttark” ©rn) Fra-
j wnich to draw 1in order to increase its work force quickly.

I Lack of a pool of trained personnel will require expansion of
Grumman's training program. Grumman feels this expansion can

be accomplished in a timely fashion with a modest addition of

R PRI

resources. Due to material lead time and production

. »
LSRR M

build-up, there would he adequate time from M-Day to recrais

I and train new hires. The availability of manpower +n enter

these training programs varies with each of the Grumman

7.

facilities. On Long Island, where 80% cZf the additional

manpower 1s reguired, tne labor market availability is
2valuated as FAIR. In Stuart, Florida, it is VERY GOOD: in
Milledgeville, Gecrgia, it 1is CGOCD; and in Glen Arm,
Marvland, it is POOR. To quote Grummar:
Reality must be £faced when thinking of
racruiting personnel for what probably would Dbe
considered a short duration job. Unless the

Government would say 'you must', an 1iffy 1-to-3
year jocb would not seem to be attractive to the

type of personnel who would be dasired. Possibly
added 1incentives would hrave to be considered.
(12:v-19)
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THE F-15 EAGLE

The F-15 Eazle is a fighter aircract employed by thre

U.S5. Alr Foice, +tre 1I-vaeli Air Force, tr.z Royal Saudi A-r
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Force, and the Japanese Self Defense FrForce. The ©-1% 15

constructed at the McDonnell aircraft Company, Saint Louis,

oiatatats

Missouri, in the same plant which produces the F/A-18 lornet

]
»
\' «
]

and AV-8B Harrier. The Japanhese are also producing the F-15
in Japan for their own use. The Japanese production is not
considered by l!icDonnell officials to have a significant
impact on the U.S. production of the F-15, therefore it will
not Dbe addressed in this paper. Powered by two FPract and
Whitney F100 jet engines, the F-15 is built in botn a
one-seat (F-i5A and F-15C) and a two-seat (F-15B and F-15D)
configuration. Although the two-seat F-15 1is used for
training pilots, it is alsoc {ully capable of performing &all
the tasks accomplisnaed by the single seater. The ~-15C and

F-150 ar2 the models currently in production.

PRODUCT ION RATES

0

(5]
[¥%)
-

—

The F~15 entered productior in 1973. By 1 January

~J
~3
ON)
s]

'-15s had bean delivered as follows:

- USA® ~ 419 A and B models
222 C models
37 D models

~ Israzl - 40

- Japaa - 8

- Sauli Arabia - 47

To date the nighest arsual procurement was 24 aircrafc:
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during 1977.

F-15 orders tnrough filscal year 1983 and deliveries throuch
calendar year 1981 are showil in Table 4. Note that the orders

shown in Table 4 do not correlate directly with the nuinbers
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Table 4. F-15 Orders and Deliveries

Orders
FY 73 74 75 76 77 78 79 80 81 82 83
USAF 30 62 72 132 106 97 78 60 42 36 39
FMS 3 18 6 35 46 2 13
TOTAL 30 %2 72 135 124 97 84 95 88 33 52

Deliveries

CY 73 74 75 Je 77 T3 79 80 81

TOTAL 2 33 102 124 114 109 86 77

30URCES: Orders - Telecon with itaj Jack Saunders, HQ USAF/RDPN,

4 March 1983.

Deliveries - Telecon with Aerospace Industries
Association Dcta Rescearch Service, Washington, D.C., 11
March 1983.

KAR xR Ak kAKX KK S Rk r kAR A TR R XAk kb ket ohdddhadbhbhhkhhd bk bk ¥k

delivered. excent by coincidence in :977. "nis difference

sepresent:. 2 tine reguired te ~rodur~: tho eir-craft after an
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order is placed. For example, the McDonnell production r-te
]. during early 1983 is approximately 7 aircraft per month as

the F: 1981 order of 88 aircraft 1is being produced.

£

O Likewise, the FY 1983 order of 52 aircraft will be delivered

at an approximate rate of 4 aircraft per month between July

s

>
&
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o
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1984 and June 1985, 21 to 32 months after the fiscal year of

.
Lt
R
P

o

funding. (23) According to the FY 1984 DoD Annual Report to

S
»
rel

s
i

the Congress, funding is being requested for 48 F-15s in FY

]

1984, 72 in FY 1985, and 96 in FY 1986 and beyord. (33:168)

C
.3

N
-

.
[
[ AN
[
t"\

PN

PRCDUCTION FLOW

According to its FY 1934 production plan, illustrated in
Figure 10, McDennell Dcuglas can deliver an F-15
approximately :8 nonths after placing orders to
subcontrectors fur long lead items. Much of the production
flow *ime is reguired to fabricate *itanium and aluminum
forgings, engines, radar, and majgr subcomponents. The
asselmbly of the center fuselage and main landing gear Dbegins
12 monthe vefore 2delivery. Final assembly of the aircraft
begins approxina<ely five months before delivery, resulting
in roll-out of the aircraft four months prior to delivery.
These final four montns are -~eeded for system tests and
aircraft accentance flights. The oproduction flow shoun in
Figure 10 is pacte? on a five-3:y workx week using one chift
per day except for some iteme vhich .2gulre around-the-clock

operations to produce p.rts. AssuminT thai bottlenecks
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F-15
FY 84 PROCUREMENT PLAN
PROGRAM LEAD TIME 38 MONTHS 00T
ULT AEQUIAED  LLT ANTICIPATED FULL FRIM DELIVENY |
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created by these current around-the-clock operations cculd he

overcome, the F=-15 production flow could be reduced by

increasing the work force to two or three shifts per day.

P
o a
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POTENTIAL PRODUCTION RATES

'
a
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McDonnell officials stated that the Saint Louis plant

can sirultaneously produce 144 F-15s, 240 F/A-18s, and 78

‘ .

AV-8Bs per year based on a five-day work week using one and a
half shifts per day for most of the work force, plus some
around-the-clock work on a number of critical path items.
(5) This combined total of 462 aircraft per year compares
favorably with the F-4 surge experience described earlier.
They felt that production could reach 180 F-15s per year
using a seven-day work week with one and a half shifts per
day. Plant officials have not seriously studied the option
0of going tc a full around-the-clock, seven day weck because

there are so many capacity constraints in the production of

itens such as wacninred ti-anium vulkheads that an
around-the-clock assenbly line could probably not be
sustained by the existing parts pipeliie. (15}

McDonnell officials also prcvided information concerning
a short term surge of the F-15 procduction line. They have

studied two alteraative short term su.Je situaticns:

- £ix nontlh surge duratiodn
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- Twelve month surge duration.

Their study assumed the following factors:

- "M" Day (Go Ahead) - 1 Oct 82.

- Baseline production rate - 7 aircraft/month.

- Extended work week

- Additicnal shift manpower loading.

- No increase in facilities.

~ Consumer supplier and government furnished equipment on
hand. (5)

The resu.ts of the McDonnell short term surge study are
shown in Figure 5 on page 17. In the six month surge case an
addicional seven aircraft could be prcduced, a gain from 42
tc 49 aircraft. In the twelve onth case, the gain would be

& aircraft, an 1increese from 94 to 109 aircraft. In both
cases, however, note that +“he long term effect of either a
six Or twelve month surge is a significant reduction in the
production rate for many months £following the surge. This
effect cccurs Decause Oof the lead times reyuired +o replace
tne components consumed during the surge. Thug, a surge of
six or twelve months duration would result in only a small
increase in the production of aircraft, while at the end of
the surye the plant and its work fcrce would be largely idle,
unable to produce even a small cgcrticn of its normal
sustained capacity, urntil the long .ead it=ams began to arrive

through the pipeline.

McZoannell's abili~yv to gizge ©=13 productioca for the 24
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month period beginning 1 October 1982 was estimated in the

Form DD-1519 submission for fiscal vyear 1983, According to
this estimate, 49 aircraft could be delivered during the
first six months, 30 during the second six months, and 64
during the second year. (23) This 24 month cumulative total
of 143 aircraft is only about one-half the estimated plant
surge capacity of 144 aircraft per year because more than 24
months are needed to obtain many critical parts. The DD-1519
estimate was based on a two-shift per day workforce and
assumed that 55 aircraft were to be ordered for FY 1983 (52
weze actually ordered). Other assumptions made for the

DD-1519 estimate are discussed later in this paper.

BOTTLENECKS ANL CONSTRAINTE

McDonrell has identified sume potential bottlenecks
which they vlan to eliminate or reduce through in-house
production or identification of second sources. (15)
Nonetheless, there are a myriad of bottlenecks and capacity
constraints «which would prevent a sustained significant
increase 1in the production of the F-15 for at least three

years from the time a decision is made <o do so.

The c:ritical lnng lead items £for the F=-15 are given in

Table 5. Of the itrems listed, orly the jet @angine can be
conveniently bypassel ‘n producti-.rn since 1t iz not installed
urn~il the entire airframe hag re:sn assemblec. Considering

- ¢5 -
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that both the F-15 and the F-16 use the Fl00 engine, this
item may be a Dopottleneck for both these aircraft.
Unfortunately, the time and money available to this study
group did not permit an examination of the factors affecting
the F100 engine lead time. This item 1is recommended for

further examination in future studies.

I R R R R R R R R g g R R R R R R 2 2 2 2R 2 R R 2 R s RS

Table 5. F-15 Fiscal Year 1984
MMajor Equipment Long Lead Items (5)

ITEM - S3UPPLIER ARC (MONTHS)
JET ENGINE PRATT & WHITWEY 30
FIRL COMNTROL SYSTEM HUGHES AIRCPAFT 27
RADAR HUGHES AIRCRAFT 27
JET FUEL STARTER GARRETT TURRBRINE 24
SWITCH-CVER VALVE KELSEY-HAYES 22
AIR CYCLE AIR CONDITICMING AIRESEARZH 21
DIFFUSER RAMP ACTUATOR NATIOMAL WATSRLIFT (NWL) 20
FIRST RAMP ACTUATCR NWL 20
MAIN LANDING GEAR BENDIX 20
STABILATOR ACTUATOR NWL 20
HYDRAULIC FLAP ACTUATOR NWL 20

SOURCE: MCAIR

2 EZ RS REREEEEEERREES RS S SRR XRR 22X RRRREXRRRRRARARRR AR R AR AR SRR RS RR
The remaining ten 1long lead items <in Table 5 are

supplied to McDonnell by only six companies, and there are

apparently no alternate sources which could provide these

items more rapidly. Note also the nrature of these long lead

items -- two are major electror.ic devices (the radar and fire

control systen), fou: are actuators (all supplie¢ oy one
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company, Wational Waterlift), three are complex aerospace
industry unigque items (jet fuel starter, switch-over valve,
and the air cycle air conditioning), and one item involves a
large forging (the main landing gear). Again, we recommend
these items for further study as the time and money allocated

did not permit a specific analysis of each of these items.

The DD Form 1519, DoD 1Industrial Preparedness Vriojiawn
Production Planning Scheadule, for the F-15 was reviewedl.
(23) The assumptions stated on the Form 1519 and comments on

them follow:

- F/A-18 &nd AV-83 will zl!so be accelerated.

Th.s is an important assumption because the McDonnell
plant at Saint. Louis alsy pruduces these aircraft
side-by-side with the F-15. It 1s interesting to note that
the 2D Form 1319 system apparently allecws manufacturers to
consider only the effect of a simultaneous productior surge
for aircraf* bhuilt in their owr plant. Since a mobilization
surge would almost cer-.ainly result in an increased demand
for all aircraft currently in wroducticsn (eg. F-14, F-15,
F-16, F/p-1€, AV-8B, F-20, A-1C, A-6). it is possible that
the collective demand for forgings, aviorics, actuators,.
enzsines, skilled (trainable) 1labor, etc. might limit
production of thes= aircraft t» a level well Dbelow each

plant's z2s38=2ubly ceapacity.

a e m A - - A - A M S Malalfa'ala & a & 2.l _a_j



\ - GFAE (Government Furnished Avionics and Engines) wi ..
pe available as required.
For the reasons cited above, this assumption alone may

invalidate the DD Form 1519 projections.

- Fabrication and assemblies can be diverted to :
McDonnell Tulsa or leased areas and overtime used as '
regquired.

This seems tc be a reasonable assumptionn. The cfficials
we talked tc were unanimous in their opinion that floor space
and other facilities were not & ccnstraint, and that
expai:iion Ui production facilities into leased or newly
coastructed buildings would not causa a production

rottleneck. (15}

- Reorder lecad time is in excess of 40 months for the
t -15. Therefore, priorities and allocations relative to current
commercial zircraft orders must be provided by the U.S.
Government <t !i-Day in order to allow accelerated deliveries
of “he =15 in the M-Day plus 24 month time period. These
privorities must be both for critical materials and suppliers
~apacicy, including time on 5-axis profilers and large forging
pr2sses. DY or directive %type priority required.

This is a critical factor. There seems +to be general
X aurzement that forjings and machined parts are produced by
crnly a handful of manufacturers. Howevar no agency has vyet
effectively re.ated the production capacity of these

&

nmanulacturers %o the dewand f{or their products which will

2x1st at various levels of military and civiiian aircraft

T o o s 2 e e am R ke -,Ai
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production. While it is probably impossible to analyze +the

Ei industry down to every nut, bolt, and rivet, it should be
F@ relatively easy to determine the major subcontractors'
~

N capacity to produce items such as engines, titanium

bulkneads, landing gear struts, hydraulic actuators, radars,
) fire control systems, etc. Likewise, the demand for these
2 items should be easily established since the aircraft
. manufacturers know in detail how many of each part is
required fcr building one of their aircraft. The absence of

such an analysis prcbably leads the DD Form 1519 system to

>
e
s

I

produce <forecasts of production which are overly optimistic

tecause the system is not designed to cdetermine the effect of

RAAREIIAAE - §

; subcontrzctor capacity constraints or simultaneous surge

0}
B

effects.

LS

- Local labtor market supply of skilled labor is more than
adequate to meet the requirements of the 24 month mobilization
rlan,

Tehed

s

‘l

The McDonnell plant officials stated their belief that

S NN

labor would not be either 1 constraint nor a Dbottleneck.
They cited their past experience in hiring and training large
numbers of people and offered a convincing arguement that

X skilled lzbor is not a problim, even during good economic

>

times. With today's recessionary econony, they believe there

e Al
B

is a large pool :f previous McDonnell employees 1in the Saint
l.ouis area who wuould De avail:ble <%c workX as soon as jobs

warz2 made availeble. This appezrs to be a reasonable
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assumpticn.

PART 1V

F-16 FIGIITING FALCON

DESCRIPTION

The F-16 Fightiug Falcor is & single seat multirole
fighter designed to cormplement the F-~15 as an air superiority
fighter. The oroducticn F-16 ir powered bv a single Pratt
and Whitney Fl10C engine, Dbut a wvariant is also flying with
the General Electris J-79 2ngine. The production program is
unique in that the aircraft is weing coproduced in the United

States ancd in Burcpe to serve in the foliowing air forces:

- USAF - Pakistan
- Netherlards - Venezuela
- Belgium - Korea

- Ncrway - Egypt

- Denmark - Israel

The grimary contractor for uroduction o0f the F-16 in the
United States is Zenaral Dynamics, with tha aircra‘ft being

built at ar *ir F-ros plant in Fort Worth, Texas.

The singsle sec:. F-16A and the two seat F-168 are tne

cu~rent nroduction models. Both are +2signed as "swing”

N
)

Lrcrafu. naving tne  capability for Dbotn air-ts-grcand and
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air-to-air combat. Modifications are now in work to orovide
future production models with an enhanced capability for both

air-to-air combat and air-to-ground weapons delivery.

PRODUCTION RATES

The F-16 entered production in 1978. By 28 February
1983, 540 F-16s had been delivered, with 18 aircraft per
month being the highest production rate achieved during the
period. The Air Force plans to purchase 120 F-i6s per year
through 1985, and zken 1ncrease production to a more

efficient ratve cf 180 aircraft per year. (33:168)

The F-lé oproduction hase 1s compased 0% ovir 5000
suppnliers. Except for the forward fuselage, all major
structural subasserbl:.es are coproduced by Curopean
concerns. Alrcraft assenbly lines ars located in three
countries: the uUnited States, Belgium, and The Netherlands.
Engine assembly lines z2re located in the United States and
Beljzium. To minimize dependency on foureign =curces in this
multirational prcgram, the U.S. maintains &n American source

for every major ~omponent in the aircraft.

PROLULCTION FLOW

The currei.t F-16 sorldwide r.roduction rate capacity is

25 aircraft per moath, with the ¥ort Worth plant having o

capacity of 19 aircraft and 25 forward fuselages per month.




The floor layout plan was originally designed to accomodate
production of 45 aircraft per month, and retains that
capability today. Unfortunately, tooling is available to
support only the current production rate. Lead time to
establish the production 1line to accomodate a full 45

aircraft production rate is 12-18 months.

The factory assembly line, however, is not the
constraint in the event of & surge reguirement. As with
other fighter aircraft, lead time tc takes delivery on
cormponents from subcontractors can be greater than 24
months. Figare 1! shows material,marufacturinag flow times
for a representative sample of major subcontracted F-16
items. Lead =<«ime and subccntractor rate capacity for

critical items are depiited in Figure 12.

POTENTIAL PRODUCTION RATES

The F-16 capatility to respond to> a conventional surge
request is shown 3in Figure 13 as line 1. & "Built-in Surge"
study in August 1981 requected an estimated cost required to
deliver the first F-16 ab.ve current production capacity
within six months after sirge order, and deliver 60 F-1l6s
within the following 12 .aonthrs The adde?d capability, at a
cost of $12 million, is shown as line 2 in Figure 13. Another
study, in support of the Special Defense Acquisition Fund

(SCAF), conciuded that a 10 per-~2nt .avestment in production
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LEAD TIMES FCR MAJOR F-16 SUBCONTRACTCRS
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LEAD TIMES FOR MAJOR F-16 SUBCONTRACTORS (CONTINUED)

Lead Tine (Months)

Subsystems

Rate Capacity (Ship Sels per Month)
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Figure 1.

(Continued)




Critical Equipment Items F-16 A/B

Lead Time (Monthe)

Rete Capacity (Ship Sete per Monih)

- ———
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inventory would provide a 33 percent reduction in F-16 lead
time. Figure 14 shows the relationship between investment

required, order response time, and quantity of aircraft.

BOTTLENECKS AMND CONSTRAINTS

General Dynamics has the basic capability to support a
35-45 aircraft per ﬁonth program on a sustained Dbasis,
assuming no surge in production of other fighter aircraft.
To attain that position a substantial amount of firm,

long-term orders must be funded to provide incentives for

investrments 1in capacity expansion. A few known constraints

ar

[
.

- Precision Aluminum Forgings
- Heavy rluminum Plates

- Titanium Rods and Rars

Should commercial aircraf:t producr:ion increase, aluminum

press capacity <c¢ould not support the demand on a near term

o

"

acis. Increased F-1lt requirements slone, however, will not

provide a sufficient business base for additional industry

S investment in - ress capacity.

*

- Long tar: c¢c-pacity problens remain with titanium also.

k! Even witlh recent. capacity expansion programs, a substantial !

Ff backlog still rsemains. Figures 15 and 16 show lead times for

foreinge, castings. an?d raw materials through 1981,
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Ninety percent of the F-16 2quipment it2ms would be
. availapole to reach e 35-4% airzraft oo -luc Lol L Ra
event of a s.arae requirenent. Thirty-six  yrerns found

~
“~
“~

f\ 15,

throughout the production process would, nowever, <cus.rain

surge poteatial. IZxamoles 1nclude:

- Insufficient Rate Capability

- Arkwin actuators limited to 25 ship-sets (S/S) per

month.
- J. Carter valves limited t£c 20 S/S per mcnth.
- Farker-dannifin valves/contrcllers limited to 25 S/S
Y per montAa.
- o
N ~ Producibilicy
5
N - C»ollins unable to sustain rate on transduce:s.
- Tailey has problems in manufazcturing and gjuality on
-5 actuators, pumps, and fuel d:i riders.
3
ﬁ ~ Materia! Supnyply
- Sterer alumianum forjinc Yead time is 72 weeks.
Y,
) ~ Manpower
‘.-' . .
- I7T/General Controls have lin:ted personrel for
assertly and calibration of vent valves.
™ Even with these known constraints, the productior rate, on
- balance, can bte increased t- 35 aircrzft p2r month within 24
rmontns after go-ahead. )
qI
b _ o .
g\ As noted earlier, zhe current =14 oaoroductic- line s
>
i arranjed to 1nc-ease the production r..te tc 45 airzraft oer

X menth with  only anor rearrangenment and addition cf tooling.
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At a cost of S$3 million (1981 dollars), additional tooling

could be purchased to increase production to 25 airc af-=  per

. L.
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. A
AN

month using 2 shifts per day and a 5 day workx week. Twelve

s s

A
3
!,.

months would be required to purchase and set up “he tcoling.

&

‘s Ay

W
Al

A S12 million purchase of additional tooling would increase
the production rate to 35 per month using 2 shifts per day
and a 5 day week, and 45 aircraft per month using 3 shifts

per day and a 6 Zay week.

Generally speaking, mobilization imprcvements <can bhe
achieved using a twe step process. In the short term (12
months}, S$86 millicn (1981 dollars) would be 1equired to
vurchase :ony .ezd waterial .o protect ¢ 19-20 aircraft per
mcnth rate with o 24 month delivery. 1Ir. the lcng term (2-3
vears), $28C~20C million w,uld e rzguired tc reach the 35-45
aircraft per :month rate by trhe vrocuremeant of additional

tooling, test equipment, facilities, and long 'ead mzterial.

PART Vv
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F/A-18 HORLET

CESCRLIPTIODN

The F/A-13 ijornet Strii2 Fich:ter is a high performance,

all-weat:er f:ght=ar and lizht attack aircraft buil:. by thc
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McDonnell Douglas Alrcraft Corporation. This multimission
aircraft is powered bYWy two General Electric F404-GE-400
turbofan engines, 2acn capable 0of producing 16,000 1lbs of
thrust using afteroburner. Capable of operatiny from aircraft
carriers, the F/A-13 has a maximum design speec¢ o0f Mach 1.7+,
The F/A-18 Cfeatures a variable camber mid-wing, wita ieading
edge extensions mounted on each side of the fuselage from the
wing roots to just forward of th: windshield <o improve high
. angle of attachk flight, and optimize lift during maneuvering
f and cruise. Armament normally consists of Sparrow and
Sidewinder missiles and a 20mm gun. In addition, external
fuel tanks, sersor pods, and/or a w.de variety of Jround |
attack missiles/bembs may ke carsied. The F/A--18 is designed
to re=place the 7-4 fighter, +the A-7 atteck aircraft, and

augment =-he F~1.s fightes in fleet air defense.

PRODUCTINN RATES

The first F/A-18 aircraft was delivered tc the U.S. Navy
in 1978 for full scale daveloupment testing. The aircraft is
X now in production wit:. deliveries scheduled to reach 18 per
month by 1987. Eleven aircra’t ver month will be delivered to i
. the U.S. Javy and itarine Corws with the remainder going to
p Canada, fustrala, and Snain. Figure 17 shows planned
f deliveri2s througnh 1294. Th::e projections are¢ Dbased on a

J.5. buy of 1,377 aircrafc, a Canadian buy of 138, an

K Australian buy < 75, and a 3vanish buy of 84 {or = taonal of
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1,674 aircraft. QlcDonnell Douylas projects possible sales in

excess of 2,500 aircraft.

During 19383, McDonnell will be producing F/A-18's at a
maximum rate of 10 per month. The company h1as recently
expanded its Saint Louls faciltities to the extent that it
has the capacity to produce 13 F/A-18s per month. That rate
can be increased to 14.Z per month if final assambly is done
elsewhere. Figure 18 shows the total manufaczturing area
requirements to sunport uwrcduction of the F/A-18 as well as

the AV-83 and F-15 at the¢ rates inlicated, and the total

(L

[{\

capacity either plann or in gplace,. In a2ddition to

)

exoarsion .n the mejor arnd final assembly area, ‘!cbDornnell

3

Douglas has recently develcved an extznsive composite bonding
capability, which currently <&xceeds their production
requiremerncs. T7c support their manufactuv:1ing raguirements,
McDonnell Dovglas has alsc, in <cocajunction with  their
subcontrac.ore, upgraded and rnode:nized their machining
capability. The latest in Numerical <Controlled 5 axis
gantries ar.i other state-of-the-art equipment is widely used,

and excegds current reguirements.

PRODSCT 2N FLOW

McDonnell Douglas can  assemble an © 'A-18 i1, 15 months,
prcvided the required Zorgings, raw rwaterials, and najor

subco.monents, parcviculaclvy the linding gear and engines,




M I At At Ao Shan Bbei v LA Ao Auest o ey ———

McAIR TOTAL MANUFACTURING AREA REQUIREMENTS

B
COMPOSITES TOTAL CAPACITY
4 —
TOTAL REQUIREMENTS
ASSEMBLY AND —_—
‘ WAREHOUSE
|
3 ! ASSEMBLY ]
—~COMPOSITES AND
DEPARTMENT SHEET METAL FAC L
so:ftfozs:r :_1[""4'—’“ COMPOSITES
L /“‘ $
Wy [
r i ol FABRICATION —
"
AV.88 MAJOR 6.5/MO.
1 b FINAL 4.5/MO.* ~
F/A- 184, MAJOR 14.5/MO. SUPPORT
FINAL 13/MO.*
F-15 5/MO.
0
1980 | 1981 | 1982 | 1983 [ 1984 | 1985 . 1986 | 1987 | 1988 | 1989

* Assurnes balance of final assembly is done elsewhere oy o3 y

Scurce: McDonnell Aircraft “ompany

FIGUR: 1€
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arrive when needed. Starting from the point in time where
forgings must be ordered and funding made available to
subcontractors, the building of an F/A-18 is a 44 month
process. As shown in Figure 19, an aircraft ordered in
Feoruary 1932, will be delivered in October 1985. - A great
deal of this time 1is associated with "who ©builds what".
McDonnell Douglas manufactures few of the major components,
and not all of the airframe. They dc ascemble most o0f the
F/A-18, but for many ¢f the items, McDornell —must order and
wait. Such items as landinc jear and servos may require lead
times as long as 22 tc 27 rmonths. The lcad time required to

Oobcain major avionics :zuch as the radar and FLIR are no

teveer, requiring e lead < me of 27 10 29 months. The

’

)
e

.
«"a

General Electric °rd04 enyine leac time 1is currently 26

O

months.

Macrinirg of parts is another area wnere delays might be

Ei exnectad. Howeve:, McZonnell has an imgressive machining
‘ capaoility, anrnd naz worxed closely with its subcontractors to
E, insure that they have the most modern equipnrent. In scme
E: cases, McDonnell has reduced lea2d time by doing mechining for
ﬁ their subcontractors. For example, “cDonnell accepts

forgings from ity landia; <¢ear manufacturer, does the major
macnininyg, ard =hern ceturns the finished products to the

subcontractor for asseaniy.

Tor the F A-1%, the malor manufa.-uring steps perfcrmed

LY

-
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FY 84 PROCUREMENT

PLAN

@@f INCLUOES 5 MONTHS ADMINISTRATIVE ANO SHIPPING TIME
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- ITARWWFORGING n j)j[" T
- CTLIAGIAL _J| ENGINES
1. I 1 4
$18914 14 PTLIL DT, LT M ? L3&0 ol nefslan vz el 91812 (0] s[eial0fs] MONTMS FAON DELIVERY
3|AIS|OINDI]F 'i%“m on]oli[FiMA Jhiiﬁ%%:!fHA;HT‘JLI%WN ‘:{JTH AiHﬁ;ﬁd{D 20080800
1901 1 114 11 111 139
Yptom Rvsgemniiyg 7.9 Dot Prpm | foan de 0 Mgt 1}
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Dy clonnell Douglas  are: machianing and fabrication, masor

0

assenbly, final assercly, .e¢-, and delivery. llcoonne:l nas
the capability to5 machine titanium, steel, ané aluninunm,
which it does for the wings, horizontal stacilicers o
forward/ceater fuselage. The aft fuselage and vertical tail
are manufactured by Morthrop and shipped to Saint Louis by
rail. Mcbonnell does its own composite fabrication, 9% of
the structural weight of the aircraft being graphite/evoxy.
The wings, forward fuselage, and center fuselaje are built up
seperately at various assembly stations and then joined with
the aft fuselage in the major assemply arca. &t this point,
“r2 landing gear and rcancuy are attached, znd *he aircraft is
moved to anctrner buildi:jg where final assembly and ground
cheskXouts are cougieted. Finally, flight test and acceptance
by the government f£light representative is accomplished and

the aircraft 1s delivered.

While machiningy is very capital intensive, particularly
wher using the computerized, numerical controlled machines,
the fabrication, nproduct.on o0f composite components, and
assemdly is very .abor intensive. Assembly stations are no
more than convenient worX stands wnich ensure proper mating

of the various structures and c.mponents as trey are Dbeing

e e v o . A NPT - A -a
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dased on the formal Industrial Preparedness P anning

done by ulcDonnell Douglas to support its FY Qs -9
submissions, the company has a modest <capability o oo
production., Using existing production facilities anu
equipment, McDonnell can reach a maximam production

capability of 17 F/A-18 aircraft per month by M+23 months ani
maintain a sustained rate of 17 per month' after M+28 months.
Projected sales without surce or mobilization are scheduled
to reacih 17.5 aircraft ner month by 1988. Plant nmodernizatizn

and expansion are orogrammed tu suypport this projected

Jrowth.

The first additional aircraftt in excess of planned
delirveries would Dpe evailaklz a* ¥+9 months. Achievingithis
rate woule requicse using (* shifts, € days a week. This
projected ircrease .n production is based c¢n the following

assumptionrs:

- F-1£ and AV-8& producticn would alsc be accelerated.

- Government furnished avionics ecuipment would be
available, c¢s reaired.

- Major assesblies could be delive.2d to cDhDonneli Douglas'
Tulsa facilities ¢ leased areas.

-

- FY 83 procurerent is in effect at :f-Day with approval of
34 aircraft for <ha USY/USNC, 24 for Canasa, and 2 for
Austrzlia, with deliveries scneduled from ¥+25 through M+30.
aing and long 1ead autnorization is in effect
roval for 9% aircraft for the USN/USWI, 25 for
3pain, with deliveries schedluled from =+37

at “4-D:v wi
Canada, and
througr. M+4
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- Priorities and allocations for critical mate
suppiiers' capacity relative to current comrercial i
orders are provided by thoe L., Iovernment tI €07 pOv
accelerated deliveries past M+306.

‘ . v -

Using existing procduction facilities, a yuaz'= < v 'y o

long lead time 1items, and a 2 shift, 6 day week, McDonnell

o

Douglas can deliver the first additional a.rcraftc at I+
months. The maxiwum surge prccuction rate ¢f 17 F/A-1l¢
aircraft per month is resached by M+1l6 (an acceleratior in
oroduction cf 7 mont%s), <then maintained after M+18 (ar

acceleraticr of 1C aontrs).

Llthougn the F/2-1° is uarrently in production, if start
up waZ required irom 2 vold Zase ising existing production
facilities and equipmen., trhe first aircraft wouid not Dbe
available until 11436, assuming production line tou!ing is set .

up concurrent with mat.-rial procurement.

In addition to the formal Industrial vreparedness

Planning done by McDonnel:.: Douglas, the company has also

corducted a series Oof studies to determine the facilities
required to support &/A-18 production rates ©oveyond those
under surgjge or acbilization conciticns. They found that the
producticn rate could =e increased t¢ 18.5 per month, while
ma.ataining productiocn of the AV-8B a+ 4.5 per month and the
F-15 & © per month, if additionzal wmajor and final asseunrniy

areas weJe availatle. Existing omposite  vonding area

capact. euwceeds regquirerents. Tne F/L 15 groduction vate




could De increased to 20 aircraft per month if final assembly

of 1.5 aircraft per month is done elsewhere. Figure 20 shows
total manufacturing area capacity and reguirements. In
addition %o nanufacturing area, McbDonnell would ™.  ~Q

increase 1its own or its subcontractors' macniailng capaclty.
Studies have also been completed for a scenaric to
simultaneously increase production of the F/A-18 to 18.5 per
month and the F-15 to 12 per month while maintaining AV-GB
production at +.5 per month. These studies indicate
sufficiert aree for ccmposite bonding, but require additional

expansion of assembly area and machining capacity.

As stated by McDon:sceil! Douglas, “There 13 an inherent
capability To lncreas: the rate of production »f any aircraft
preductisrn line. The abi.ity to increass the rate of

orcductio: 1s der.endent on current dellivery ~ate, guantity of

a.rcrailt on order, the _apabilicy of suppliers to accelerate

production, and the availability <f manpower." (4) Each of

Y

N

these items represeats a potenzia: bottleneck or constrainat

KR

o
At

to increased oroduction under a surve/ mobilization

O scenario.

! BOTTLENCECWS ZND CTCNSTRALNTS

S 2f the factors tha: affect a company's ablilisy o

o sACreas= its proluction rate, one having a majler i1mpact i
S =] o -

[

current delivery cate. s shcown previousiy by figure 3 on

5 - 71 -
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& MCAIR TOTAL MANUFACTURING AREA REQUIREMENTS
¥ HIGH RATE STUDY-ALTERNATE
. 6 T T
: ASSEMBLY
AND TOTAL TOTAL
WAnEHOUSf CAPACITY — / REQUIREMENTS
N 41 i -
- COMPOSITES —
~;Z ASSEMBLY
- DEPARTMENT " COMPOSITES AND =
? HEET METAL FAB —
: SQUARE FEET 3 w/*"/ COMPOSITES
W/J'/ﬁ
MILLIONS e —
; T FABRICATION -
¥ I _ ]
“ AV.-ge MAJOR 6.5/MC
- FINAL 4.5/M0 * —l
N F/A185  MAJOR  20/MC SUPPORT
\1 FINAL 18.5/MQ *
N F5 5/MO
N
= 1980 | 1981 | 1982 | 1983 | 1984 | 1935 | 1986 | 1987 | 1988 | 1989
* Assumes balance of final assembly is done elsewhere 3011 1088 12
Source: McDonnell Aircraft Company
TIGURE 20
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page 9, the nigher the existing delivery rate, the greater

the additicnal quantity of airscraft that can be deliveval in
a given period of time after M-Day. 1In this regard, the
F/A-18 is in an enviable position; 1its production rato s

scrneduled to increase to 17.5 per month by 1988, and remain
at high levels into the 1990's. If planned production rates
are decreased, however, particularly ©Dbefcre full capacity is
reached , this action will place a constraint on future surge

and/or mokilization of the F/A-18.

The guantity of aircraft on orde: has an impact similar
to that o©f +the «current delivery rate: rche greeter the
guantity c¢I aircraft in the pipeline &t 1-Day, the faster the

available acceleration of production rate and the greater the

w

quantity which can be delivered in given time after M-Day.
Aircraft on orler insures that lcnc lead items &re on order.
1f a stable procurement plzan is 1n effect, backed by a
multi-year contract, the capability for accelerated
productiocn can de enhanced ©y procuring an additionel one
year supply of long lead iditems and maintaining a rolling

inventory. However, ti:e quantitv <f T/A-18 aircraft on order

continues to vary with 1increased cost and budget

cconst "aints. Pronosed reauc:lons in the number of aircraft

'O

rocured willi have an adverse zSfect on Mcioonnell Douglas'

2r in sufficient

Vb

ablliity to place lon: i=2ad items on or

quantities to ensure accentatle lea? =“imes, and eshtavlisn a
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stockpile of lonyg lead items.

The capability of suppliers +to accelerate productlds 1S
a major bottlenmeck 1in an attempted accelsration of air.raf«
production rates. The long lead times associated with
procuring major equipment items under normal peacetime
producticon conditions represents a major portion of the time
between order and delivery of an aircraft. Table 6 shows the
lead times currently associated with major equipment items of

the F/A-18. In z2dition, ramercus avionics/weapon system

khkkhhkkxrhkhhdRhkxwkhkhkr . vibkkhkhkx. xhhkhkhkhhkhkhkhkhhhhhhkhkdhxkrthkhkrdhkhhkhk

Table 6. [F/A-18 Fiscal Year 1984
Maior Lquioment Tonc Lead Items (5)

ITEM ) _ SUPPLIER MONTHS f
PLIK FORLC AEROSPACE 29
RADAR HUGHZS AIRCRAFT 27
LANDING GEAR CLEVELAND PNEUMATIC 27
JET ENGINE SENERAL ELECTRIC 26
STABILATOR SCEVO NATIONAL WATERLIFT 25
HEAD-UP DISPLAY XAISER 24
'IULTIPURPOSE DISPLAY KAISER 24
GUWN ACCESSORY 5YSTEM GENERAL ELECTRIC 24
AILERON SERVO HYDRAULIC RESEARCE 24
WINGFOLD MECH, DRIVE GROUP AIRESLARCH 24
TRAILING EDGE FLAP SERVO BERTEA 23
RUDDER ZERVD HYDRAULIC UNLTS 22

SOURCE: MCAIR
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components used in the F/A-1J are common to other U.S. Nawvy

tactical aircraft, and these will be in hnigh demand during
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any surge or mobilization. Critical items include the 20mm
Gun System, the ECM System, the Digital Data Communicaticns
Set, the Guided Missile Launcher, the Standard Airborne
Computer, and others. The ability to determine which
suppliers in the sudtier are the c¢ritical ones, and then
provide them with the incentives to 1improve the capability
remains the central challenge in surging or mobilizing
aircraft production. The F/A-18 is similar to the F-14,

L]

r-15, or F-16 in this case.

The renaining item that mayv restrain increased
oroduction of the F/A-13 is =he =2vailability of manpower.

This does not appear to 2e a preolemm for McDonnell Dcuglas in

the St. Louis arsa. MzDonnell is the only major aircraft
manufacturer ir. cthe area, provides union Dbenefits to its
industrialized Llabor force, has an effective training
proygram, and pays high wages. 3%illed nanpower is lined up

outside the door!

CONCLUSION

These vertical slice studies <learly point out the
recurrence of similar problems which create nearly identical
bottlenecks an. <capacity cornstraints for each o©f these
aircrafw. In th. next chapter problen areas will bz examined

by using a horizontal slice ethod.
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o CHAPTER IV
"z
" HORIZOMTAL SLICL STUDY
N
o OVERVIEW
V'I‘. |
& As the preceeding chapters have shown, the ability to
L)
2, . . .
s surge the production rates for the aircraf* under study 1s
,? severely constrained. The 19830 Defense Science Board |
- 1
}\ assessed it this way: 1
i |
= “Irn regard to 'surge' capability in military |
jw aircraft orograms, it 1is virtually non-existent. !
- Some short time increase might Dbe possible by

draining the component pipelines, but no sustained T
= producticn incrwase srould e achieved a1n less than
o 3 years. {27:13)

LAY

* % x % k Xk k *k & A ¥ * ¥ Kk * I

.
Ao

Until 1977, the production base was sized on a
1 shift, 8 hour, 5 day basis. Facilities are now
sized for «cost effective, ©veacetime production.
... Another result c¢f the ‘short war' philosophy

‘s
Py

P

v ol (27:22)
L 4
- In this chapter the major ‘tems or factors which limit
N :
.. the surge cepability across the entire aerospace industry i
. will be iiscussed. The following list itemizes the various
' articles which researca revealed to have a constraining
3
- effect o1 sur:e production:
.4
F
3
"
il
Y-l,
Al
4




- Avionics
- Electronic warfare 3ystem lomponents
- Inertial Wavigation Systems
- Instrumentation
- Radar and Fire Control Systems
- Radios (Communication and ltiavigation)
~ Canopies and Windshields
- Electrical Power System Components
- Engines
- Environmental Control Systems
- Forgings and Castings
- Fuel Gaging Systenms
- PFuel-0il Heat Exchanger
- Fuel System Valves, Pumps, and Components
- Hydraulic System Valves, Pumps, and Components
- Landing Gear
- Machine Tools (Machired Parts)
- Personnel {Skilled Labor)
- Pneumatic (Air) Valves and 3ystem Components
- Raw Materials (Strategic Meterizls, etc.)

- Titanium Sxin
- Jheels and Brakes
- 20mm Gun

ther important factors acting ~c deter firms £from supporting
defense busziness include:

- Vciume of paperwork

- Cost accounting standards

- Continued delays in Congressional’/DoD decision making.
- Limitations on profits

- Social program reguirements

- Slow pay by the jovernment

- Small orders

- Excessive specif:cations (27:51)

An in-depthr analysis of eacn 0f these items is Dbeyond
the scope of th.s paper; however, some discussion will Dbe
provided tc expand upon, Or to re=mphasize the points

considered most important.

In +taking a norizontal slice thr:iugh the aerouspace

[N

ndustry et alimost any level, one is struck by the fact that




in many cases only one or two small companies are able or

willing to produce certain components, sc they are the sole
suppliers for the entire industry. This situation is caused
by an economic fact of life: no company can afford to
maintain its production capacity at a level significantly
above that required by the sales whicnh can Dbe made.
Considering the effects of this economic factor in light of
the historically small numbers of fighter 2ircraft produced
in the United States, it 1is not surmrising that the
production vase for almcst every item 1is composed of only a
few firms Thaving very little <capability to surge their

prcduction.  Table 7 provilss examples of cases where cthe

IE AR EEE R RN EESEREESSERARSRRRRNRRRERERAZERR R X RALRERESED

Table 7. <Cases Whera the [(ndustrial Base is Very Thin.
(27:48.49)

ITEM & OF SUPPLIERS
ALUMINUM PLATE 2
ALUMINUM TUBING 2
TITANIUM SHEET 3
TITANIUM WING SKIUS 2
TITANIUM EXTRUSIONS 1
AT_ROSPACE FASTENERS 24
AIR FRAME BEARING3 -

SPECIAL BALL 1
NEEDLE BEARINCS 2
MIL. SPEC. QUALIFIED

COMNECTORS 3
ATRCRAFT LANDING SZAR 3
RALLOMES 2
IMAGE CONVIRTIR TUB3E 1
OPTICS COATINGS 1
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industrial base is very thin.

Another striking factor ¢ »Hut the industry is the large

number of components provided .y the subcontractor base, and

the complex interrelationships which exist. There are
typically over 5,000 subcontractors for each prime
cont ractor. In turn, each major subcontractor may have a

similarly large number of suppliers. As Secretary of Defense
Weinberger has noted, "A detailed ... search for potential
bottlerecks 1s not a practical possibility, as the lower
tiers of the defense¢ zroduction process involves tens of
thousands of firms ..." (33:69) It :.s, therefcre, practically
impossible *c mode! the system so that specific lilimiting
items can be icdentified. Rather., a gcod vay to identify the
existing bottlen2cks and capacity constraints is tc look at
the lead time required <o obtain an item. Those items
requiring the longest lead time should then: be examined to
determine Doth the cause of the excessive lead time and the
solution to the problems causing it. This paper has taken
the first step of this process. we reccmmend that future

studies focus on specific items or groups of items.

One danger of using lead time as the sole indicator of
tr.e existence of Dpottlenecks or capacity constraints is the
possidbili«y «of overlcoking items which currently have short

lead times, bu* are Dpeing produced at & rate Jjust slightly

- 79 -
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below capacity. These items will, of course, immediately
develop a long lead time 1if the quantity ordered is
increased. The only way to positively identify these items
is to make an item-by-item survey of the supplier Dbase.
Because of the numbers of suppliers involved, however, this
approach is considered to be practical for only a limited
numpber of items. An alternative method exists in the Defense
Economic Impact Modeling System (DEIMS). This system examines
the major industrial suppliers <to the Department of Defense
and forecasts the impact of defense expenditures on industry
output. By examininc¢ the ocutput of DEIMS, one can determine
those sectors of the industry which are £forecast to decline,
maintain status Juo, or gfow. From +his determination, one
can then assess the probability that a capacity constraint or
bottleneck would exist. A detailed Jdescription of DEIMS is
peyond the scope of <this work; however, further data is
provided in Appendix C. Next, selected long lead items and

raterials critical t¢ aircraft oroduction will be discussed.

SELECTED EOTTLENECKS AMND COUSTRAINTS

Avionics
This topic includes the following items: electronic
warfare systen coapunents, inertial navigation systems,
instrumentaticn, rader and fire control systems, and
commurication and navigatiorn radios. The case of the ilughes
- 80 -
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Radar might bhe considered typical in this area of the

aerospace industrv. In 1980 Hughes

"

... spent $1.1 pillion ... buying system
components and materials from some 8,400 firms ...
about £5% of them small tusinesses emploving less
than 500 people.

Yet, these sources, for a variety of reasons,

are drying up. (Hughes Board Chairman, Allen

Pucket said,] 'In 1971 we went to multiple sources

with 65% of our procurement dollars. In 1980, that

figure had decreased to 40%.' ... At the same time,

because of the decline in that production capacity

... the lead time to deiiver an airborne radar

system has lengthened from 12-24 months tc twice

that Tin 1981]. (4:27)

McDoannell Louglas =ztated chiat many producers of
electronic <c¢omponents will simply not bid for <contracts
involving government business. [(15) One reason is the small
number of Iitems acrmally ordzsred. An electronic chip
producer who measurss his acrmal production run of anr item in
the thousand: .ay not wish co produce only several hundred
chips for a fighter'sz rradar. Add to this small-numbers
problem the extensive paperwork, technical performance
specifications, and inspectiocn requirements which are a part
of 3doing Tusiness with the government and one can see why
firms wiil avoird threse contracts. McDonrnell's Jjudgement
echoes the 1980 Defense Science 3oards fincings:

The wilitzry market represents only 7 to 10%
of the total electronics market ... there is low

investmant €or military products and some product
lines are being Jdroppmed because of low production
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rates and poor return on investnent.

The military buys are characterized by 1low
volume, specialized desigas (cften very complex),
eXtensive and costly testing, and excessive
paperwork for bids and contracting. (27:11)

Another factor to be considered here is the product.on
of specializel rtews such 235 electronic warfare systeis .o
military communication and navigation radios. Only a very
few comvanies are on contract to build these specializei
items, and it 1s 1likely that they have all scaled their
production capacity to the peacetime order rate, because, as
menticned previouszly, it is economically infeasible for a
company to maintain a large idle production capacity over the

long term.

Enoxggi

Three Of the aircraft in this stuly are powered by Pratt
and Wwhitney engines. The ¥-15 and F-16 both use the F1l00
engine, whi:a the F-1l4 uses the TF20. A factor to be
seriousiv considered, therefore, is that the combined demand

for engines and engline varts to supply both aircraft

production and the operational <forces may exceed the engine

b
Eﬁ manufacturers’' capability. In a 1975 study of the <100 ard
Fg
- TF30 encines, Pratt and Whitney s=atedé ‘requirements for
b
Ej engina2s and spare parws could be met." provided approximately
S: 517 =million (1975 dollars) were spent on  prestocking raw
- materials and narts. (26:I-1; Sincs no prestockin:z funds
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have Dbeen allocated, the Pratt and Whitney capabiizvy 5.
probably limited. A more recent study showed that +tne ra e
capacity fcor the Fl00 engine is approximately 50 per nonun.
(30:4-1-13) Assuming all 50 engines go to STl

aircraft, for example, this rate could supply 10 F-15s ani 3C

o

F-16s per month, which 1s less <than the surge cagav.. . ., -
each of these prime contractors. It will therefore Te
necessary to overcome engine capacity constraints if{ .-

prime aircraft contractors are to surge to Zull capacity.

In another 1975 surge canability study, General

Electric, producer of the F/A-18's 404 engine, concluded:

- If no advanced planning and action is implemented prior
to M-Lay, only & sma.l part of the required engines can be
delivered at the stipulated tire. This shortage is due to a
combination of lead time and capacity.

- The conpination of SAF Industrial Preparedness
reguirements for spare pa . and ergines does result in a
capacity problem in both vendor capability and in-house

manufacturing capebility. The shortages are due to manufacturi

equipment and tooling, but not brick and mortar. (11:41)

Castings
Another seri<us capacitv constrax.t exists in the
foundry industry. A 1975 study showed that between 196C and

1974 cver 350 foundries closed, while onl, 56 mnew £foundries

openel. (22:12) Tue 1980 Deferse Science Board report

a a 1 remain a se
' +“he past decade over 400 <foundries

>




nave gone out of bDusiness rimarily betauce of

) 0
and OSiiA requirements. The demand {for £foundry
nroducts . continues so *the queues 3%t ronger.”
(27:15)

Forgings
In 1980, General Slay testifiad before longress,

"Currently, there are only three remaining L.<. Suppiier.
large forgings =-- the ¥ind we need for aircraft landing qgeav
and components...." (29:1I1I-16) Tnese three suppliers -

still the only sources of these forgings *oday:

A2 E RS SR RS RS EAEEEREALENERRSREER TR ESER R ERRERRE R RER R R R R AR R I A

Jablie 3. sovrces of Targe Forgings  (29:111I-16;
Source _ canabhilizy Typical Alrcraft Parts
dyman sordon 2 Presses fuikheads, Main Wing Ribs,
Landin¢ Gear Cylinders, etc.
Alcoa 2 Presses 3ulkheads, Wing Spars, etc.
Ladish 1 dHamnmer Engine Compressor Discs, etc.

LA AR SR NS EREERESERENEEEREEREEERSRAESEERRERRE SRR RRRERRRRRR R EEEEE NI

As one 1acreases the rate 2f proauction, mor=2 and mor=2
cottlenecks and capacity constraints ucme into  play. For
exanple, even though the cirrant level of oroiuction for all

four aircrafe iy ~“his stuldy 1 ™melow even the noar-e.

Py
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capacity, some machine tools are operating near full capacity

becauce it is grossly uneconomical to allow such assets 4o
stand idle. Therefore, if the production rate is increased,
machine tocl capacity must Dbe brought on line or

subcontractors found to accomplish the additional work. The
1980 Defense Science DBoard stated the the machine tuc:
industry is comnposed of "a large number of small companies,”
characterized as follows:

"Of 1,300 firms in the U.S. that make machine
tools, there are only 1C firms that employ more
than 1,000 people, and ... only two with 2,500 or
more emplyees. ... Most of these companies have no
interest 1in defense Dbusiness and 2>2ften will
actually avoid it. They feel incapable of handling
the red tape and the contracting paperwork.

The industry has thrze major prcnlems -- the

growing shortage of skilled craftsmen, the
difficulty of obtaining investment capital, and ...
foreian ccmpetition.” {27:16)

Reccagnizing tnese facts, prims contrictors analyze their
capabilities versus actual and potential sales. One
analysis, provided by the McDonnell Douglas Company, is shown
in Figure 21. The char: shows the eguivalent number of 3
spindle, 5 axis numerically controlled machines required to
supnort the simultareous production cf the F-15, ©/A-18, and
AV-8B a:t rates of 12,20, and 6.5 per nonth. Note that the
in-house capacity (labeled "MDC Capacity"! is less than half

the reguirement: tne remainder of the work must be verformed

by other suppliers. Table 2 shows a ‘lcDonnell analysis of
their suponiiers' S5 axi: nurerically controlled machining
- 85 -
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NUMERICALLY CONTROLLED 5-AXIS GANTRIES
High Rate Study
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f / / CONTRACT
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Source: McDonnell Aircraft Company

FIGURE 21
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capability which was expected to be available by the end of
1982. Although tane total of 67 machines compares favoreshly
with the subcontractor capacity reguired through 1983 in

Figure 21, McDonnell officials pointed out that thes

)

subcontractors also supnly many other companies with machined
parts, so it is not reasonable to expect thilis entire capacity
to be devoted to the satisfaction of licDonnell Douglas'

needs.

IEE R E R AR R EEAREEREE SRR RERRRRRR R AR RE RRXERRARRR SRR R R R AR R REEES & XN

Table 9. McAir Suppliers -

5 Axiz N/Z Haechining Capability (5)

.

EQUIVALENT 3 SPINDLE

COMPAN T B S_AXIS MACHINES
ACROMIL 4
CANADAIR 4
ELLANEF 18
MONITOR 3OXART 7
QUEBEC MACHINE CENTER 4
JOTHERS 8
SUB-TOTAL 45
NORTHROP 22

Ak kA Rk r bbbk hkkkkkrhkhkrxhrrrkrawhkhbhkxrkrhkkhkkhdhdddr

Labor

Some :1nsigit into the status of tne labor supply for the
racnining and forging -ndustries is provided by General Slay:

I special survey uwade Dy the National Toolina
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and Machining Assoclation (UTHMA) indicates that -ne
tool industry should hire 60,000 sxilled j;ourneymen
now, and will need nearly a quarter of a million
skllled journeymen total Dby 1985. ... A survey by
the rforging Industry Association shows that currentc
shortages run as nigh as 20 percent of need with
projections to 1990 showing that shortages run as
high as 42 percent of need. ...

The iapact of these skills shortages is hignly
sigrificant. 7The Arerican 7Tooiling nd Machinin~
Industry can't meet domestic demand in a prompt and
timely manner. NN

o1
=
a

ot only does this skills shortage adversely
affect the general industrial market, but it has
even more impact on America's defense production
capability. The NTMA study mentioned earlier also
found that over 2,000 nmnore journeymen machinists
are needed now by the sector of our industry which
does primarily defense type work. They are not
available. Many tooling and machining firms
complain of Dbeing forced to turn dow:n defense
relacted work wnile machines sit idle because of %he
lack <f skilleld workers. (29:1v-15,16°

Alchough the 1980 Cefense science Board report alsc
highlighted this labor shortage. the writers are surprised by
the -ontention tha: a labor shortage is a major factor in the
toolinyg and machinring industry, and thet machines are sitting
idle for lack of workers. Cons.dering the World wWar Il
experience, it seems likely thar labcr prorlems could Dbe
overcome shcald & national emerg2ncy «3ain require such an ;
effort. One should bear in mirnd that
In 1939 ... the entire a:rcraftr industry
enployea only 63,000 workers. ... Alrcraft and
Parts ... provided jobs for only cne out of every
167 workxers in manufacturing. Fou:r years later ...
there were 2i times as many workers in the

- industrv. ... Nearly one out of every 13 workers
i in the menufacturing labor force was employerd in
L
L]
L]
+

this sector. (2:2

. _a
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The Ichord panel reported, however, "Unlike 'World war IZ,
when under full mobilization, thousands-apon-thousands of
people ... poured into our defense factories, the curreat

economnic eavironment and weapons system sophistication wiil
not support any quick fix or emergency nanpower reallocation

to satisfy surge requirements." (31 :15), Yonetheless,

[{d

would seem that with todav's ten percent unemplovment rate
and generally recessionary economy, firms would be eager to
find talented trainees tO employ rather than allow expensive

machinery to sit idle. One rzzently published ook comments:

A sad commentary on the current [labor]
situaticn is trhat while jobs go begging for a lack
-£ experienced, Dblue-cullar, skilled workers,

snempiloyront rat s among outh  and minorities in
the areas closest t> existing pleants are abnormally

high. In Few industries is "structural”
anemployTant ... a dersistent mismatch between job
vacancies and unemploved workers -~ sO evident.

Neither the public schools nor the vocational
education systems seem to have adequately prepared
the unemployed for skilled work in the industry.
For whatever reaswuns, firms were extremely tardy in

bringing the problem to national attention.
13:179)

It appears that the prime contractors are not seriously

constrained bv a lacr of labor. The employment history of

the aerospace 1ndustry seems to confirm the ability to

quickly take o<nn employees. Figure 9 on page 26 shows that

severa. tinme

n
n
v
03
(9]
T

viorl. War II1 McDonnel!: has been able to
increase employment .n a matter of nonths. Similar labor
statisctlcs are available f{or other majcr prime contractors.

Therefore, or a nacro scale =t least, labor appears nct to be
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a provlem for prime contractors, although shortages in some

skills may create short-~term bottlenecks.

Time does not permit further discussion of this topic

here; therefore, an indepth study 1is recommended to provide a

-

tors 1nvolved

0

complete understanding of the facts and the fa
in the aerospace labor market. If, 1n fact, Jjobs are
available for trainel workers, this problem could be easily
solved by a government program toO provide training to

currently unewmployed workers.

Raw ‘iaterials

There are umercu: »roblews in  Insuring an adeqguate
supply «f strategic materials. As the Ichord study
concluded, "the U.S. 1s Dbecoming increasingly dependent on
foreign sources for crit.cal raw materials." (31:1) The 1980

Dezfense Science Buard report stated that while "Basic steel

and aluminum are in reascnably good supply," specialty metals

are 3 Jdifferent matter:

"The major bacic material shortage is titanium
sponge. ... During the period 1977 to 1979, the
number of titanium fabricators dropped from 16 to
4, primarily because of the sponge shortage. U.S.
producers are expanding capacity ... production of
sponge was 20,000 .ons in 1979 and is expected to
reach 30,0CC tons oy 1985." (27:14,15)

In the 1interest of  |Drevity, we will not Jelve further into

rn

this subject, but if the reader 1is interesteil in further

lat

nt references are: 2r. Jacgues S,

2
PR

[

informasisn, twO ey
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Gansler's book, The Defense Industry, and the 1980 Ichord

report to the ilouse Committee on Armed Services, "The Ailling

Defense Industrial Base: Unready for Crisis."”

CORRECTIVE MEASURES ARDI BEZING TAREN, 3UT ...

As the praevious pages of this report have shown, the
capacity of the United States to produce large numbers of
fighter aircraft on short notice is nonexistent. Even a
small short term increase in production will be followed by a
corresponding lon¢ term decrease until the supply pipeline
can catch up witl. <he increased demand for parts. Given the
realities of the defense hHudget, there 1s no hope of dbringing
the ndustry tc a state of readiness such that a simultaneous
cirge 1is nosurzle for all the aircraft considered in this
reoport. 7There 1: some hope Zor improvement in the surge
capabilizy, however, as a result _f recent policy decisions
within the Department of LCefense. As stated 1in Secretary

Weinberger's Araual Report to Congess for FY 1984, we have

(1]

wade significant strides through:

- Increase> funding levels for industrial preparedness
programns.
increas
Technology °Prngram,
mprovenents 1 the ranajewent of industrial property.

- Sectcr analyses to revien erosion of the industrial base.

- & formal projgre~ to encourage productivity improvements.
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i A s B S e [P LIPS UL AP UE AL U WP UL P UL WP, WP

—nd




- Developnient 2f the Defense EZconomic Impact liodeling

L

System. (33:115)

In addition, nmultiyear contracts for ma

jor weapon systenms

will add stability to those programs to which it is applied,

resulting in firms being able to make lon

investment, and, thereby, creating
capability. Also, the Industrial Prepare
continue efforts to buy an additional yea
for critical systems, and maintain that 1
inventcry until
production rur.. As discussed in Chapters
these additional ‘ong lead items on

iacreasa 3urge OucuL.

Anothar «oroouraglinc effort is the
manufectaring technology. All 25f the
this stucy are practicelly hand built;
process are very labor intensive and t
General Slay cormmented,

"By anpliying computer t
manufacturing processes, we expect
reduce s:jynificantly the Ziow

manufactured part. Our studies have
machining, actual «<cutting time is

percent of the total time a part 1s on the

machine. 3v automating the non-cut
such as parts and tool handling
contro.l tape verification, we can r
anount 2f£ tine it takes to process

the lead tire can %e reduced." (29:

Altnough no immediate dreakthrough seers

o e
R T ot . S <~ - - " *
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ger range plans for

a better surge
aness Program should
r of long lead items

evel as a rolling

needed for surge, or until the £final

II and [II, having

hand would greatly

focus on improving
aircraft examined in
many steps of the

1me consuming. As

echneclogy to
to be able to
time of a
shown that for
only about 25

ting ~perations
and nunerical :
educe the total
a  part. Thus
VII-8)

1i%ely in this area,
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e even small strides will pay big dividends through reductions

in the time and labor required to fabricate an aircraft.

"4 As this study demonstrates, anyone contemplating a surge
1

O

in production of a particular aircraft would be well served

.
e
e aa

to maintain a broad view cf the aerospace industry as the

.
.

3 surge is being planned. For example, before using a

[ . .

v subcontractor's estimate of his maximum capacity to produce

. -‘J ” .

M an item, one should also determine what other demands there

~d

-

- will Dbe for the item, and temper his judgement of its

- availability accordingly. One e¢xcellent study in this regard

= . . i - .

¢E is the Jjoiant Air Force 3ystams Command and Air Force

n

o Logistice Command study titled "USAF Producticn Base Analysis
for FY 2. " This SECRET study was only in draft when we

o reviawed it, but we strongly recommend it to those with the

:} acprupriate security =zlearance ané the need to know. EQ
AFSC/PMOP 1is the poir+ of zontact. Such analyses should

X

v: contributs toward overcoming the deficiencies of the existing

-

- DD-1519 systern.

-

oy Another excellent effort 1s the <cooperative planning

]

X . , R .

N systar oeing established for some programs. Thne system 1s

n"

"‘ 3 . . . I3

¥ illustrated in Tigure 22, and 1c described as follows:

LS

ﬂ{ This is a simplified diagram of supply and

- deinand interaction for a single [U.3. Air Force, 1

- weaoon system. Initial production and FMS orders

e are traditionally placed with the prime system

contractor Dby he system program office. Cee
o rollow-on orders f{or botn USAF and ©MS suntort are

traditionally placad by the Air Logistics Center
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System and Support Acquisition:

The Need for Cooperative Planning (22)
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- and may be placed with either the direct source of

- supply or through the prime system ccntractor. The

:e prine system contractor ... has the best visibility

( on sub-tier capacity. <Cooperative »nlanning 1is a

3 key process to iink demands for both initial

e production and support acguisition. (zt] is a

(o process that exchanges demand forecasts and

~% capacities ... among the SPO, the prime contractor,

FEI and the Air Logistics Center. (22)

-'\

o lost prime contractors attenpt to avoid production

S

N

e difficulties by studying the supply and demand situation -t
items «critical to thelir production 1line. For exam
General Dynamics performs the following actions with -

SR subcontracctors:

=

Yy

5 - In-Depth forecasting =y cormmodity.

S

'$ - Ten year procura2ment jlan.

~ 3Subcontracwor surveys, workshops, ccoperative pianning

i sessions, and rate caparility studies.

- - ~Managerent controls implemented with supeliers.

e - Risx and dbuffer stOock mrocurcment.

‘3 - Surveillance of GFAE suppliers tc identify short lead

X time programs.

< - Advanced rnlanning for spares and support eguipment. (22)

o

[ Accordirg to General Dynamics:

e The first and the last [of the above] items

o reguire close, cooperative exchange to be truely

- effective, ... @ prime system contractor ... can

. : develop a ten vyear plan and commodity forecasts.

o However, _in these) the emphasis i3 upon production

o installation regquirements when (siz) we thave the

o highest visibility. The greatest need for advanced

b planning and customer cooperation 1s £or support

¥ requiresments (which are. lead time away. ... Tor

¢ example, soecific plans can bpe devaloped for a

fj critical commodity sucn as the landing gear.

]
O
n

|

»
s
S P R . et e N s ; . .
o, - - . -, . . . e e . - .
b I Lo e . s - -



capacity constraincs ... (22

n

ne resu.ts o

rn

a coomerative planning effort are illustrated
in Figure 23. As shown, the prime contractor has forecast the

capacity of the vendor system +tO prcduce various critical

&

items. ile has also forecast the demand for these items bdased
on tne production line and initial spares activity. The last
column on the chart rust be provided by government logistics

support vlanners. Tnils cooperative planning systen ffers

!

great promise 235 a means to ildeatifv and eliminate capacity

constraintes.

As zanuld te cleer at this point, there appears o he no

single overriling borttleneck or capacity couns*raint. Rather,

+

there exists ¢ myriad of challenges presented Dby !

-

he truly

monumenta!  taszk  of zrodecing imcdern ficghter a:rcraft. On

'(‘

bctn the DeD and the contractor steffs the kXey peoole are,

first, aware of the problems pointed out '‘n this paprer, and,

second, working to solve those whichr c¢an Dbe solved with

2x5.3ting rrosources. JThere 1s a widely held belief that the
relatively Dassimistic estirmates of surge production

capability can e greatly exceedad if the government declares
an 2merseney ani deletee wmany o: the administrative "business
as usaial’ rules ari nrocedures wialch are used for day-to-day

Droiuction, The degree to wnlch response2 tlne could be

(]

-
a

2 luc2d anld nroductlion capacity ircreased Ly suach emergency

. D R

AN R uadn) ol ;‘.—v‘r r"‘ _-r-:i‘ \.'.E""a..\ o Bl G A At dievie - Rt 2 (Ol “Re SRk aadhe sl indh dad it 7 YT T ey T ' afithe odnt-e ﬂ
Actions can  2e taxen for selocted  long  lead
activities ... to reduce respoase timme and avoid
2)




Capacity Planning (22)

INSTALLATION AND GOVERNMENT
MONTHLY INITIAL SPARES OIRECT
VENDOR RATE ANTICIPATED SPARES &
SYSTEM CAPACITY MAX RATE REPAIRS
ISA ¥ %
LANDING GEAK 30 25
(339 k1 5
LEFD «? 2%
£EPY 15 %
FLT CONTHOL COMPLTER 54 25
INS 21 25
HUD 45 '] ;
SPEED BRAKE ACTUATCA 1) 25 !
fCC 3B 5
RADAR 25 2%
LG DOOR ACTUATOR 25 %
A CANGPY ACTUATGR 20/20 2%
8 CANOPY ACTUATOA 1212 [}
rume 120 2%
PUMPS 100 5
YALVE 40 25
LIGHTS L) 2%
ECS VALVE 0 25
LEF VALYE 45 25
HYO RESEAVOIN m [¢]
POWER SUPPLY CIU 15 %
VALVE, TAR NOOK 25 %
VALVE 100 S
HUQ PUMP 40 25
EXT TANK VENT VALVE 35 2%
CAUTION PANELS 30/50 25
CARD ASSEMBLY CIU 40 2%
P10 SHAFY » 2%
MISSILE LRUNCHER o 2%
NYD VALVES ] 4]
FICURE 23
97
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acticens has ..ot Te2n avantifled, however,

Dr. Williaim Pa2rry, Under Secretary of Defensec e
Research and Engineering, said in 1980, "If we wanted to :
double the production rate 2f F-16's, in three montils or six |
nmonths, there is no way we can do it. I define that as a
surge capability, and we don't have 1it." (31:12) To obtain a f
surge capability on the scale envisioned by Dr. Perry would
undoubtedly require massive 1increases in federal defense
speading. To the extent that such spending increases are
unlikely, thern Mhaviig a surge capabiiity, by Dr. Perry's

d on the evidence

(1]

definition, is unlikelvy. dowever, ‘bas
presented in tnls paper, it appears that significant benefits

-ta

can be oObtained from more odest expenditures. By selecting

7

e’

orly a few a.rcraft to attemp* to surge, and then buying an

£ aon aem a4
[ 244N

Fs

additional year >f long lead items for these aircraft, short

term surge capaovility would be greatly improved for a
relatively small gprice. Ewven so, uafortunately, there is no

maglic key which can positively identify all the bottlenecks

) pONrTRI AT o

and constraints, and certainly none which will solve them

all.
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CHUAPTER V

CONCLUSIONS AND RECOMMLNDATIONS

CONCLUSIONS

There are many bottlenecks and capacity constraint
affecting our ability to surge the production of F-14, F-15,
F-16, and F/A-18 aircraft. From the time a surge is ordered,
a nominal six montns would elapse before the first additional
aircraft rolled oZf the prcduction 1line, and it would be
approximately 3 vyears bafore sustained pfoduction rates
increased signifizantly. Two majo: factors creating this

time delay are:

- The time reguired to fabricate and deliver an airplane is

ap;roxinata2ly one year.
- Tne reorder lead time for many 2ircraft parts

exceads twC years.

These nracdisted respocnse times and quantities may be
significantly improved if the government directs a "business
not as uasual” approach, but the degree to which such a
declaration would improve the respmonse is unknown. <Comparing
the results of the 1967 F~4 production surge to the current
surge predictions 1indicates +tha% currznt estimates may De

conservative,

Critical Lony lea? parts can be categorized as {ollows:




Avionics
- Hlectronic Warfare System Components
- lnert:ial Navigation Systems
- Instrumentation
- Radar and Fire Clontrol Systems
- Radlius (Commuaicaticn and Navigation)
- Canop.es and wWindshields
- Zlectrical Power Systen Components
- Englnes
- Environmental Control Systems
- Forgings and Castings
- Fuel Gaging Syvstems
- TFuel-0il tileat Exchanger
- Fuel Systein Valves, Pumps, and Components
- ilydraulic System Valves, Pumps, and Components
- Landing Gear
- Machine Tools (Machined Parts)
- Pneumatic (Air) Velves and System Component
- Titanium Skin
- Wheels and Brakes
- 20mizn Gun

SN T AT
'

A

The ~=ritica: parts listed arcve =re i short supply

peciuse the Jemand for them i

(U]

axtremaly low due to the low

level cf alzcreift procurcment. it is =21 economic fact of
I

life that compenies cannot afford to maintain idle productive
capacity, s¢ tne production base is becund to size itself to
the existings level o©f production. Cne way around this
problem is for the government to pay £for Kkeeping some excess
oroductive capacity available, but current resources limi¢
the use of tris option. Realizing this fact, Dboth the
contractors ani the Department of Defense are making a
concerted effort to xeen dcth production efficiency and surge
production zapability at tre nest level possivle within

exlsting rescarces.
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in addition to the critlca. parts mentioned above,
shortages of skilled labor may create Dpottlenecks and
cavaclty constraints. There 1s a need to examine the
aerospace industry labor nmarket to determine why skilled
h

lavbor is 1in short supply desnite the current high

unemployment rate.

Current studies of the raw materials situation seem to
adequately Jdefine this provlem ar<a. However, efforts to
obtain funding to correct or alleviate even tne most critical
of these snortages have not Dbeen successful. Therefore,
nurerodus critical raw materials are ‘ikely to be in short
supply during a vroduction suz e, thercby creeting

bottleneuks.

RECOMMANDATIONS

~ The Industrial Prapdredness FProgram efforts to obtain
funding for an additional year of lcng lead items should be
strongly supoortei because it can significantly increace the

surge capabili-y.

~ Lfforts should be made to place these aircraft, and
other aircraft for which a producticn surge is contemplatea,

on multivear contracts,

- Alircraft procurement »nrograms should be funded at a

s2vel that wil: allow production near the most econonically
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lent rate £or a one-suift, $0-hour weeX worx force.,

erric

- danufacturing technology i1mproverents should De

applied as rapidly as possinhle.

- An 1ndeptn stuiy of the F-4 surge roduction

re

experience should be made to preserve the lessons learned.

- The aerospace labor marxet should be studied, and, if
necessary, & program to train workers in critical skills
should be esteblished within the 1Industrial Preparedness
Program or in corjunction with other federal " jobs

nrogramns."

- Turther horizcntal slice studies should be made of
various subcontractor sectors to determine the approximate
total capacity to nroduce the critical items identified in
this paper. These findings shoull then be compared to the
total prime ccontractor surge demand, thereby determining
where the potential demand exceeds the potential supply. A

balanced «corrective ©program should then be prepared and

oresented to Congress for funding.
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AppE

NDIX A

TiE F-4 PilANTON II SURGI EXPERIENCE

These tables provide further 1infcrmation o0 the F-+4

production surge discussed in Chapter III.
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APPEUDIX B

SCLCCTED VENDORS ODF LONG LEAD TIMg ITENS

Tne followinj tables provide an alphace-izal listin; of
some of the firms which manufacture long lead items for the
four aircraft in this study. The list 1s not complete, as
time did not perwmit an exhaustive pursuit of all the data
needed; however, the list does provide a feel for the extent

to which «critical itews are available from only a few

sources.
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AbEX Corp Zlec Gen X X
Ooxnari, Ca Hyd Pump X
Aliresearch M£ Cabin Press Reg Valve X X
Torrance, Ca Cabin Safety Valve X
Alcoa Alum & Titanium X he
Cleveland, Oh rforgings

dendix Wheel & Brake Assy X

S. Bend, In

Zanadalr, LTD Machined Parts X
Montreal, Que

Clarx-Aiken Co Machined Parts X
Arilington, TxX

Tlark&iheeler Machining
Jierritos, Ca

Clevelanc Pnuem Main&lNose Lndg Gear X
Cleveland, Oh Machined Parts X
Cont Forge Co Forgings

CuXe Mfg Machined Parts X
Tulsa, 0Ok

Eldec Cor» Transformer Rect X

Lynawood, Wwa

Zllanef i3z Corp slachined Parts X X
Corona, NV
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PR PR G S L LAY

Do ¥l S i e i SOV A S P A i o e e W e LML YR TR T LY TS e e
COMPANY ITENM F-14 F-15 F-16 F/A-13
Garrett Jet Fuel Starter X
Zhoenix, Az
GE gngine X
West Lyan, Ma F404
3L 20mm Gun X X X X
duriington, Vt
Goocdyear Geer Wheels&Brakes X X
AXron, On
doneywell Inc Antenna&Avionics X X X
St Louils Park, :n
tlughes Aircrait Radar X X X
Culver City, Ca Wpns Cont Sys
dydro-Mill Machined Parts X
Chatswoth, Ca
J.C. Iarter Fuel Valves & Couplings X he
Costa Mesa, Ca
Kelsey Hayes Co Hyd & Pneu Valves X X X
Lake Orion, 41
Ladish Co Steel Torginrgs X X
Cudahy, Wi
Ladish Pacific Titanium Forgings R X
Los Angeles, Ca
Litton inert YNav Svs X X X
Woodland Hills, Ca
Marein Marietta Forgings X
Torrance, Ca

tiyd Valves DA X

holadntadtale ois " o 2" a &0 A ahial 2 e miia omosumar Pt actatalalals

tala

.




.

E sl s

~

s vw v -

“o g 4,

.

.

e e

P

)

k" 1

. .
s

.

-

‘Wellington, Ks
TMIOCO
Miles, Jn

frckwvell, Co
Cedar ‘

SCI Sys Inc
Suntsville, Al
Sargent Ind
durtank, Ca

Pracision
Vercennes, Vit

SITINQONAS

Sperry
Phoenix,

TACAN, VOR/ILS X

Zommunications

3earings X

Alrkfuel Valves,Pumps X
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APPLNDIN C

THE DIFENSE ECONCMIC IMPACT MODSELING SYSTENM

~

This appendix contains an explanation of +the JeZlense
Sconomic Impact Modeling System. The explanation comes fronm a
draft paver prepared by Dr. David Blond, and has been edited
for the purposes of this paper. Also included in this
appendiX are extracts taken from the output 0of +the modeling
system. These extracts have been marked to indicate the

areas of interest for this study.
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SiATTy LUONOMY: Tre Tetense Zcoromic Impact Moceling System [5IIMS e

A Shert History of the Pro

The Defense Zconomic Impact Modeling System [3D1MS) 53 a Cirect cu“crowtr
of anelssis performed b tne 0ffice of the Assistant Secretary of Défense,
Program Analysis and Evaiuation, on the effects of higher levels of
defense expenditures on the United States economy. Previous efforts %o
measure tnese effects have relied upon large sca.e macroeconomic mode’s.
[t became clear from these experiments that these models, while acdeguate
for icentifying large macroeconomic impacts, do not provide sufficient
industiry aetail to permit an examination of interindustry flows so
potentia’ industrial dottiereck areas can be identified. Moreover, the
iack of an up-to-date share matrix with which to distribute projected
Tevels of gefense outiays meant that effects on key supplying industries
highiigntec in these moceis, might not be valid since the spending by
incustry refiected the defense final demand pattern apparent in 1967,

not in 1980,

_oaonidenta’ i1t the srecaratio., of these simutaticns, an anaiysis was
condicted on tne availasiity of primary heat treated aluminum plate for
non-aircract defense programs. Snortages had led to a lengthened ‘ead-
time in supdiy of tnese types of materials and prices had increased
dramaticaily. .t became clear that with the limits on incdustrial capacity
ming larzer tran usual increases in final demand, further bottlenecks
ing pressure on prices o7 intermediate gooas anc labor, couid
se exnec To avoid production bottlenecks in the private sector and
to 1imit excessive price increases caused by shortages ¢f industrial
capacity, additionai facilities would have to be built by industry. The
aluminum industry was, nowever, reluctant to commit additional investment
funcs *o new facilities without Department of Defense assurance that _
tnere would be a continuing defense need for the output of these modernized
and enlargec¢ facilities. When this question was under discussion, no ’
vaii¢ metrodology was available for readily translating the Department’s
demanas, arrayed by budget categories, into DoD requirements for aluminum
¢~ for any other industrial raw material. Today such a metho¢o1ogy
exists and this type of information can be made avaitable to industry,
as we') as used for inhcuse analysis.

* This ara‘s, cated Decemter 4, “G3(, was orerared by D+, Davic 8long, Sericr fcerorist -
JA€3!Pprgoram Bnalvsis ard Zvaluation),
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The =tzrficd source of irflrmaticn ar wnzt tre JepartTent oF Jeferse
5lans o soerd in tre future i3 tne Five fear Jefense PTin o the FYoP, .
The distriouticn 3¢ =niz cocurent is Timited to a relative’y small group
0F 500 offices. fven iT tre FYDP w~ere reieased t0 contractors, it would
not provice tne type of eccnomic information tnat industrv needs to pian
future oroduCtive cazacits. The ‘ormat for the FYD? trat is Of sore
value t¢ incustiry is5 tnz transiation o tnhe five year plar from TOA
(totai ob?igation autrority, planning type information) to cefense
outlays by year (rational inccme accounts type data;. Tne outiays
vers’ﬁn of the cuyrrant five year nian \«HCIUd1ﬁg outlays associated with

pas*t autnorizations) is tne oniyv acceptabie document for use in conducting
an aralvsis of tne rossidble demanc inducec effects of a particuiar
cefense program.

Evan this cocument wnicn conta’ns consideradie prograr ze*2il, wouid be

of limitec use to industry pilanners. A metnodology is neeced to translate
outlzys by appropriation categories into finai cemand b5y cemmodity. A
defense indusirial share matrix nas been deveioped to aT.cw “his translation
to be mace. The rows of tnis matrix regresent the incdividual industries
DrOddCTHQ sno setailed r~ommodities whose comdined outout eguals U.S gross
n3t cnraL oracucT.  Tne foiurns 1a tne matriy are tne 7 orimary budget
Catejories lemaln COTURR LTS tCounitys . Tnis matrix cCnztitutes en
apardvimation of experditures by ZommOCity showing the patilern apparent

in Y320 witn scme informaticn garnerec from tne FYOSP balk-up and rejatec
t¢ future orogrars. fFor e\a~“'e, tne distribution of spending by types

of procuremer= 'Air Sorce aircraft, tavy ships) was calcuiatec based on

TCR for tme Full zrogras anc not tne TOA expectec only for tre budget
vear -- T~us it readresent: scmé ‘utdre oattern of speacing, not simply
the pattern for tre bucizel year.

Wren tre defense output to cormodity matrix is used in conjunction with
crojiected outlays b/ acpropriatior categories {constant coilar weights),
the resuit is a single cefense final cemarc vecter orasenting the expected
expenditures in eacn industrial ccmmedity category for @ single year.

This is translated into a shar2 vector by dividing each row by the total
outlass for tnat year.

3, appiving projected veariy outiavs [in constant Ss) to tne cefense
output to commodit, sector, an estimate of the appropriate pattern
representing sefense final cemcnds Dy industrial cb\moc:t/ for any

future sear way ce cevelopec. “ha weignts cnange over time so indusiry
shares aiso cnange. This snmare vector is tne stavting soint for our
anaiysis 2f tne ‘"te*-zraus rv cattern of Dod prograrms. it s only the
beginnin Titior 3¢ classified. in-hcuse2 plarnning
1n‘orna ic T, economicall s-orientac outzuts Dy commodity
that is to to tme Arerizan tusiness community in the
near futur
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cen *trace some of tne tritnzinTIcs
.

372 input-cutput tasie) assaociatec
e 0f aircra®t. Tracing through we
e aircrafs industry has to purchase
oroducts stamping industry. It in
tirn Must purchase 5/55 from tne primary iron and steel manufacturing
industry. That industry, in crder to produce the steei for the preceding
order, needs to tuy $3.60 from the naintenance and repair construction
ingustry. The maintenance and repair incustry tnen purchase 5.30 worth
0 fuel ‘rom the petroieum refining and related industry. Gross output
is the summation of ail of tnese interreiated transactions summed across
tne fuil defense program (or the fuil non-defense program). The gross
output for any industry in an input-output mocdel is determined by solving
the mocel for a pattern and amount of final demand, for example, that
defined bv the Dol specific mix of recuirements.
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Each commodity summary tanle oreserts results obtained from the mairoeconomic
model snowing tne effect on industry sales from non-deferse derived

final demand (other government, private consumption, investment, and

exports) as well ac defense demanc. Also shown is an estimate of the

price index for each commodity group that mayv resuit from these transactions,
and the likely employment generated. An estimate of the amount of this

gross output that may have to te imported from abroad for the defense

and non-defense portions of total final demand is also presented.*

The next phase of the analysis is to be used primariiy for in-house
studies. Gross fiows from defense derived demand are used to measure
employment effects. These employment effects can be transiated for each
industry into employment by skill ievel. A separate model developed dy
the Bureau of Labor Statistics and available as part of the Defense
Economic Impact Modeling System can be used to distribute employment Dy
industry into more than 20C separate employment skill categories. This
information shouid prove valuable for future government work in this
area. A summary report format with skills divided into 36 aggregate
categories is available

T es total gross output associated with
the input-output modei, and relates
gic materials likely to be consumed

. Thus, a.uminum, titanium, or cobait
e determined roughiy for any sized

ne second acditioral capadoiiity u

defense final demana. derived from

it to physical quantities o0f strat
V2

demand, measured in pounds, <an
cefense program

¥ "Ris .35- 25-°ras: mzasures orly the imoorts using the average
‘moart retaticrstia inclucer in tne input-outout mocel itself and
coes no* reflect znv special infrmaticn araiiadle to the Depariment
cf Defers
C-/
s e e




The Defense tconomic [mpact Modelint Syster

The Defense Economic Impact Modeiing System inciuces five separate, but
interrelated, computerized models (the De‘ense Final DJemanc Translator,
the JRI Iaterindustry anc Erzioymert Model, tre Skill-Area Jistributicr
Mccdel, tne Stratesic Materia's Regquirermerts Mocei, and the [nterservice
Male Hign School Graduate Recruitment Mogel). The first model, takes
constant doilar outlay information and breaks the data into 403 categories
of final demand purchases appropriate for the Data Resource's Inter-
industry and Employment Model (400 commodity sectors plus government
wages and salaries).* This output is then turned into a sincie share
vector by dividing through by the total spending projectec for that
period. A unique defense share vector is thus produced for each year
for which outlay projections are available (presently 1980-86;.

The second medeling system takes the yearly defense share vector and
integrates it into tne structure of the Data Resources Macroeconomic and
Interindustry Forecasting Mogel System (see Chart 1). (QOnly the share
vector is released to the osublic so that the actual forecast for DoD
outlays to be spent in each of tne five planning years remains classified.
By applying outlay totals for defense within the context of the macroeconomic
model, and by feeding these results directiy into the input-output

modei, estimates for industry gross output resulting from a specific
“efense nrogram are derived. The DRI interindustry model is a dynamic
‘nput-output model with its coefficients adjusting over tiire as material
input requirements change. The ORI model is commodity based, rather

than industry based,** so it conforms to the commodity specific final
demand breaxdown by the Jo0 FYDP translator model.

Results are displayed in final set of summary tables (see Table 1)--one
tasle for each includec commodity 5roup (there are 400 commodities
identified in the DRI model in each summary table fis
presented projections for the period 1980-1986 for the following variables:

o Final demand in 72$ tillions (direct demand);
o Direct plus intermediate demand in 72$ billions (direct
plus first order indirect)

0 Gross output in 72S billions (direct plus all indirect);
0 Employment in thousands
o Prices (19725 = 1.0)
0 Imports in 725 billions
* Tre snare matrix is in terms of 1672 prices for defense purchases

With tne price adjustment carried out using specific BEA deflators.

The outlays used as weights are ir 1972 dollar equivalents (deflated
using QST deveioped price defilators. The resultznt snare vector is

thus priced in 1272 3s, the base year used in the CRI Interindustry

Moce'.

**  The stancard BEA table is industry based witn each reporting firm
classified in the industry associated with the major product it
markets. A commocity based system is better as most inaustrial

concerns produce many ¢ifferent products.
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In Summery, tne purpose of this s,ster 35 ¢ cresare iadusiry

The primary purpose of tnis system is G provide better cuality informatior
to industry as a preraquisite for asking inaustry to respord to our
requests for additional industria’l canacity. The aim is %c focus attenticn
directiy on areas of potential bottlenecks., Througn information feedbacxs
from industry we expect the lepartrent 0¢ Jefense car neid industry to
overcome probiems due to overtaxed producticn faciiities before they

occur. Information derived from the skill matrix breaxdcwn 0 defense

final demand mav be used in-house as we'l as made available to other
Federal and State governmental users. For examnle, the ledartments of
Education and Labor may find these estimates uszfu’ for Zreir worx., I*

is our hope that job training and basic educaticne’ projrars can be
adjusted to concentrate in areas of the greatest Criticai need.

In shyrt, the intent of the Defense Economic Impact Modeling System is

to provide the Office of the Secretary of Defense with a highly automated
capability to assess how a pattern and amount of expenditure on national
defense will affect industry output, employment, skill requirements,
prices, and the adequacy of raw material stocks. By provi“ing of this
information on likely long-term impacts of actual or contempiated budgeting
decisions, we may help American firms meet our needs without disruption
of private sector product flows. The effectiveness of this new system
of information depends upon the reactions of industry to the data we
aorovide. The system described is therefore but a first step in the
orocess of establishing a meaningful dialogue between goverrment and
industry on DoD pians and proposed industry responses.
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