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Chapter 1
SUMMARY AND FINDINGS

The study was organized into three principal subtasks
whose primary obiectives were--

(1) To identify and quantify those factors that affect
the cost-quantity relationship of a given system.

(2) To quantify the effect of competition on the price
paid by the government.

(3) Tc test the hypothesis that commercial procurement
practices result in prices that are less than prices
paid by the military for like equipment.

Princiys»l findings of Subtask 1:

forrelations between the intercept (first-unit cost)
and the slope of the progress curve were found for-

a number of different types of aircraft. The higher
the first-unit cost the steeper the slope was likely
tc be. For a 10-percent increase in first-unit cost,
an average reduction of {.72 percent occurs in the
PYog"ese-curve slope,

$ In aivcraft production the lot size! was found to be
statisticaily and quantitatively significant. For
most aircraft, unit cost could be reduced by increas-
ing the lot size. However, In the few cases where
average lot size was very large and statistically
significant, the increasing of the lot size increased
unit cost.

Principal findings of Subtask 2:

® Significant savings weve realized on the first com-
petitive award when competitior was introducad during
the reprocurement phase of salectied programs. For
the 29 cases in the data base, the average savings

IFor a discussion of the concept of lot size, see Chapter III,
Section 4.3,
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were 37 percent. The amount of the savings was
directly correlated with the sole-source progress-
curve slope and the type of competition. The flatter
the sole-scurce progress curve the greater the saving
observed was likely to be. With respect to type of
competition, a winner-take-all compstition resulted
on average in a greater percentage of savings being
observed than a competition in which the competitiors
were competing for a share of the total award rather
than the whole award., However, the effect of a
winner-take-all competition on the course of future
competitions could not ve determined from the avail-
able data,

The post-competitive progress curve is characterized
by a lcwer intercept (first-unit cost) and a flatter
siope than the scle-source progress curve. This means
that the gross savings (from what would he expected to
he paid if the svle-source progress curve were ex-
trapolated), measured in percentage terms, will
decline for each succeeding competitive award.

Principal findings of Subtask 3:

* No significant price diftference could be found bestween

similar commercisl and military noncombatant aircraft
or wheeled vehicles when prices wesre compared on a
basis of vehicle empty weight. Nor were significant
price differences found between similar commercial and
military noncombatant ships when prices were compared
on o basgis of useful load-carrying capacity. Military
transport aircraft were found to cost significantly
less than commarcial aircraft when they were compared
on a :asis of useful load-carrying capacity. The
reade: is cautioned that, since this finding is based
on only three different types of vehicles, it should
not be generalized to other types of products; nor
should it be used to infer that military procurements
¢annot be made more efficient.
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Chapter Il
INTRODUCTION

The genesis of this study is the Department of Defense's
growing concern with the rapidly rising procurement costs of
military equipment. This concern is intensified by the fact
that the percentage of the Dol} budget available for research,
development, test, and engineering and procurement .has been
falling--due to higher manpower costs. In 1884, 45 percent of
the DoD budget was allocated for RDTGE and precurement, while
in 1973 it will be only 30 percent. Further, over this same
serind of time, the DoD budget has decreased as a percentage
of the gross national product. If the Department of Defense
is going to pe able to procure in sufficient quantities the
types of equipmevt it needs, .t will have to find means to re-
duce casts of these weapons systems. Among its efforts to re-
duce costs, Doi had a task force on "Design-to-Cost," in which
s number of experts made recommendations on how DoD procure-
ment practices might be modified to achiove greater efficiency.

The Institute for Defense Analyses (IDA) was asked under
Coatract No. DAHC 15-73C 0200 to examine gquantitarively suone
aspects of the effyct of vompetition and of the effaect of
gquaniity-productica parameters on the cust of DeD equipment,
Because ¢ost-quantity re.ationships are iivulved in all the
weapons systems procuved by the Department of Defense, the IDA
anaiysis was performed within the framework of cost-quantity
relationships, more curmonly referred to as lesrnimg curves or
PTOgTas: CuTVeS.

This study is divided into the following three separste
but interrelsted subtasks:
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Analytical and empirical examination of cost-quantity
relationships. Because it hus been found that the
basic progress.curves are applicable to almost all
production paﬁ%ﬁéters no matier how diverse,: the
progress curves have been chosen as the structure of
this study that]examines prices paid by the government
for a diverse variety »f gouds. The objective of this

i

subtask has beeh to 1 " the, framework for the other
parts of the study a bt tempt to identify factors
other than cumulati-

: 15 that might be incorporated
in the progress cur

are ones that can b

deaily, these other factors
wgontrolled to reduce co:t.
Examination of competitive procurements. The objec-
tive of this subtask was to examine quantitatively the

effect of competition on selling nrice. '
Comparison of prices patid for similar military and .
commeretal equipment. A commonly held belief is 4
that commercial procurement practices are superioy to-
militery procurement practices and that, as a resulg,
commercial equipment costs less than similar military
equipment. The objective of this subtask is to test
this hypothesis quantitatively for the limited class
of equipment for which roughly comparable military and
civilian counterparts could be established and for -
which data were readily available.

Because the study was primarily quantitative in nature, it
has been heavily dependent on the availability of data.:
Unfortunately, as is explained in the report, there is a deacth
of data of the type required to address the questions of this
report in as much detail as might be desired. Therafore, the
areas of examiuation and the scope of the fincings are much
mere vestricted than originally intended. For exafpie, the
data needed tn examine cost-quantity reiationships eapirically
and in detail were available only for the manufacture of air-
craft, and, therefore, our analysis of the basic Cost-quantity
relationship was limited to aircraft. Further, it had been
intended to examine quantitatively the effect of competition
starting with the inivial design and carrying forward through

12erspaotive on Bxperience {1] presents data on how progress
curves fit price data for a large variety of products, rang-
ing from integrated circuits to beer.




production; but because the data do net exist for so bread an
analysis, the inquiry had to be limited to examining the effect
of competition in the reprocurement phase, where there was a
limited amount of quantifiable data. Likewise, in making com-
parisons between military and commercial prices, we are not
able with the limited data to azddress the question of whether
the military is specifying its equipment to meet higher perform-
ance requirements than are realistically required. On the
other hand, we have tried tc address the widely held belief
that factors in addition to performance requirements cause
higher prices for DoD equipment.

This report consists of an Executive Summary (Vol. 1),
chapters below dealing with each of the three subtasks outlined
above, and 10 appendices of supporting data and anaiyses.
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Chapter III

ANALYTICAL AND EMPIRICAL EXAMINATION OF SELEGTED
VARIABLES THAT AFFECT THE COST-QUANTITY RELATIONSHIP

The objective of this subtask was to analyze the basic o
cost-quantity relationship, as well as to identify and quantify,
where possible, additional variables that affect cost. Particu-
lar attention was given to additiomnal variables that could be
controlled, such as lot size and production rate.

A, BASIC MODEL

The basic cost-quantity relationship is viariously referred
to as 3 progress, learning, or improvement curve. The progress
curve relates ithe average or unit cost of a product to the cumu-
lative quantity produced. On log-log paper, the standard progress
curve is a straight line. While some writers make certain dis-
tinctions (learning curves might apply only to man-hour cost
variations with quantity; progress curves might apply to total
cost variatjions with quantity), others use the terms inter-
changeably. We use the terms interchangeably and in the widest
sense, The basic form of the progress curve in common usage is

MC = F x NV (1a)

¢ = iy x NMT (1b)
, -

CA = r—-f-‘-r x N* , (ic)

where

MC = the marginal cost of preducing the Nth unit;
TC = the total cost of producing N units;
CA = the cumulative average cost of producing the N units;

Preceding page blank
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F = the "hypothetical' cost of producing the first unit;!
N = the cumulative number of units produced; and
L = the progress-curve exponent.

Since the progress curves are empirically derived from the
availlable cost-quantity data, implicitly embedded in them are

the contributions to cost reduction achieved through experience
by all activities related to the manufacture of a product

(e.g., management, manufacturing, engineering, procurement, etc.).

Reference to the steepne.: of a progress curve is generally
made in terms of a percent slope. For example, an 80-percent
progress curve nas an exponent L of -0.322, which means that
every time the quantity is doubled, the unit cost is reduced
by 20 percent. Figure 1 illustrates two progress curves, one
with an 80-percent slope and the other with a 75-percent slopr.
As can be seen by Figure 1, the smaller the percent slope the
steeper the curve. The exponent and slope are related to each
otnsr by

L = log (slope in percent/100) / log 2 .

If N were a continuous variable, then the three equations
(l1a-1c) would be completely compatible with one another. The
marginal or unit cost equation (la) is the derivative of total
cost TC with respect to cumulative number produced N. Ecuation
(lc) 1is simply tetal cost TC divide.' bv cumulative numbe?: pro-
duced N. Since N 1s discrete and not continuous, these equations
are all reasonable approximations for each other fu. N » 10.

Note that the "first-unit" cost referred to throughout this
report doas not repressnt the measured cost of the first unit,
but is the solution of 3 regression equation (fitted though
al)l the cost-quantity data available) at the point where the
cumulative quantity is 1.0. When only lot {as opposed to
unit) cost-quantity data were available, a progress curve was
derived by using an itervative regression technique developed
by the Defense Contract Audit Agency {and described in [3]).

e
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While non-log-linear progress curves have been formulated,!
the log-linear form, as given by Bquations (la) through {lc),
has the following to rocommend it:%

P 2~

© It i vonsiatent witn moat of the hiastorical variation
in gost of production. For example,,the average of
the coefficients of determination (R“) for 78 aircraft {
and helicopters uving Eguation (lc) was 9.915.3 That l
is, variations in cumulative output using a simple :
progress-curve equation explained 91.5 percent of the
variation in average cost. (See Appendix C for details,)

® The computation involved i8 simple. As already illus-
trated, the relationship plots as a straight line on
log-log paper.

& The log-linear curve ie almost universally used in
planning work.

The almost universal acceptance of che basic progress-curve
model may be one reason that the model has such high explanatory
power. More specifically, Harold Asher [3] cites those who be-
lieve that the linear progress curve is the result of the method
generally used by airframe producers in production scheduling snd
man-hour budgetiag, a method that assumes the linear hypothesis.

g, w;‘,".!"xl-’rj-'pf'"‘:‘.azh 3_5”,’4"“‘-.(?.-5 gy

Jsadal

“At small amounts of cuamulalive output, it has been suggested
that a progress curve that is convex from below 15 a more
accurate represeatation of the refationship between unit cost
and cumnulative output [4]. At large amouats of cumulative ocut-
put, 1t has been suggestec that a progress curve that is cen-
cave from helow (flattening) is 2 more accuraie representation
(4, pp. 98-102]. 1{f both of these suggestiens ars adopted,
then a backward S-shaped progress curve is cbtalned.

In the case of progress curves, a statistical analysis of
alternative forms usually does not indicate that one form
is superier to athers. UJee, for example, Armen Althian [6].

1t is necessary to note that some of these regressions may ex-
hibit a significant positive autoccrrelation of the restduals, as
reflected by a low Durbin-Watson statissic. Significant auto-
corrvelation,gives an upward bias toe the coefficient of deter-
mination (R°). Te prevent high autocorrelation requives the

use of "generalized" least squures in place of “ordinary”

least squaves,; howaver, generalized least squarss cannot be

used without a pri<or{ information on the structure ¢f the
autocorrelation.

10




Since we have presented tle progress curve in some detail,
it is a good starting point for asking two basic questions:
(1) What are the conditions that influence the first-unit
cost and slope of the progress curve?
(2) Whazt are some of the variables, other th-1 cumulative
output, that hkave a significant impact on unit cost?
For ecach of these two questions, we have examined in this
subtask taree important relationships. For the first guestion,
we have analyzed--
¢ The effect of different levels of product performance
on the intercept of the pregress curve.

e The relationship between the intercept and the slope
of the progress curve.

®* The effect of large cumulative output on the slope
of the progress curve (i.e., whether or not the
progress curve flattens out).

On the secoend questisn, we have studied--

¢ The effect of production rate on unit cost
¢ The effact of ilot size on unit cost
» The 2ffect of model changes on unit cost.

Ir sddition to the examination of the progress-curve
ticertature, dats werc analyzed from the Cost Information Reports

- =

(ffroraft Lazarning Curvead of the Neval Alr Systems Command [71.t

8. THEDRETICA.. INTEGRATION OF PROGRESS AND CUSY CURVES

Befor:s going directly to a discussion of the six lieted
topics, we preseat a brief statement of theoretical attempts

to combine proygress curves and cost curves.

The initial development of the concept of a Drogress curve
(first applied to asirframes by Wiight 19} was based primarily
on empirical observation rather than on some a prisrt theoratical

‘Budget data were alse analyzed for airframe and electronics,
but did not shed much light on the six topics lic*ed sbove.

i1
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structure, Since then, a firmer theoretical basis has been
developed. Some theorstical work has been done by economists
to integrate cost curves (which relate unit costs to rate of
production) and progress curves (which relate unit costs to
total output). Theorstical integrations of these two kinds of
curves have been done by seversl well-known econonrists. Articles
by &lchian [9], Hirschleifer {10], and 0i [11] extend the basic
cost curves used by economists to incorporate total volume of
output, time period of production, rate of production, and
planned delivery date. These articles contain various proposi-
tions about the rvrelationships between thcse variables. These
theoretical propositions, based on the economic concepts of fac-
tor substitution and joint production, are compatible with an
inverse retlationship bstweea unit cost and cumulative output.

Although these integrations of cost and progress curves
ar2 independent of on-the-job learning or tecnnical change,
sncther important article (by Arrow [12]) accepts the idea that
learning hy labor during the production procuss leads, as out-
put accumulates, to some fall in unit costs. But, believing
that there are diminishing returns to this kind of learning,
Arrow hypothesizes the continual irtroduction of new types o
capital, which act as a stimulus to learning by labor. The
hypothesis of & new stimulus is important in generating the
constant rate of learning shown by the log-linear form of
progress curve. However, Arrvow does not identify the source of
the new machinery that changes the workers' environment, he nsy
be assuming implicitly some kind of tehnical progress affecting
the iamputs but aot the production process itself.

in spite of the differeat economic explanations of progress
curves discussed ohove, the inteypretations are not mutually
exclusive. Empirizally derived progress curves are likely to
combine verious economic facvors, snd the iapscts miy bz hard
to separste,




C. OTHER EMPIRICAL WORK

Despite the theoretical work indicating that a smail number
of additional explanatory variables should be incorporated in
the basic cost-quantity relationship (a primary variable being
rate of production), only a few empirical studies in the 37
years since the original Wright article [8] have tried to
incorporate other variables into the progress curve. These
studies sometimes have either statistically inconclusive or
seemingly conflicting results as far as the effects of these
other variables. (Scme of these studies are discussed in
Appendix D, below.) There appear to be three major reasons for
the cometimes inconclusive and seemingly contradictory results
of these studies:

o Lack of empirical data. Accurate quantitative data
are noct ordinarily cellected or kept for variabiles
(such as rate of production) that theory indicates
shculd be incorporated in the progress-curve equation.

® [ifficulty of observing effects. The high explanatory
power of the basic model and the correlation that cther
sxplanatory variables (e.z., rate of production) have
with cumulative output mawe it difficult to observe
stavistically the effects of these other variables.

8 Ugse of inaccurate mathemattceal Fform. These other
varjables are entered into the right-hand side of
the progress-curve equation in the same way that
cumulative gutput is entered {i.e.. usually in 3 log-
linear form). From a theorveticai standpoint, as will
ba explained helow (Section O of this chapter), addi-
tional explanatery variables (such as production rate
or lot sire) entering in the same way as cumulative
output misspecifies the way these variables should
enter.

D. PROGRESS-CURVE SLOPE VERSUS CUMULATIVE RUMBER PRODUCED

We will now proceed to examine the three topics presented
under the first of the two bhasic questions asked in Section A,
above:

Mot
“r



(1) The effect of different levels of product performance
on the in%ercept cf tLi progress curve.

(2) The relationship between the intercept and the slope
of the progress curve.

The effect of large cumulative output on the slope
of the progress curve (i.e., whether or not the
progress curve flattens out).

~~
(7]
Nt

Examination of Figure 1 (above) shows that unit cost
continuously decreases as cumulative output increases. However,
at some level of cumulative ourput, it is reasonable to expect
that no further reduction in cost can be obtainad by increasing
cumulative output. But there is o question of whether the
slope is likely to chaage over the range of cunulative output
experienced by expensive types of military systems such as air-
craft, missiles, tanks, ships, etc. This flattening of the
progress curve should be distinguished from the "toe up™!
phenomenon that is frequently observad when a program cuaes to
the end of its production run. While "toe ups" are undesirable,
tecause of their transient natyre, they have significancly less
impact than flattening does on total program cost.

Most of the aircraft data observed do not show signs of
any significant flattening of the progress curve, but the air-
craft do not have production ruas much in excess of a thousand.
The few aircraft that do shew signs of having their progress
curves flatten out significantly are ofien involved in model
changes.

We examined the pattara of “"residuals"?® in our ragression
equations for (ive aircraft (fighter and attack types) whose
cumulative output was preater than a thousand. A pattern of
‘The "toe up" phenomenon is cne in which the last few units
preduced cost moro than the yreviecus uaits produced, in con-
trast to what the nrogress curve would predict. Numerous _
reasons hgve teen given for the "toe up," inciuding the shift-

ing of experienced workers to othar nrograms, the ruaning oux
ef »larts, ei..

I"Reeiduals" are deviations from the fitted line.
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residuals shown by Figure 2 would strongly imply a flattening
of ths progress curve. Two of tne five aircraft, the AD and
the A-4, had this pattern of reosiduals., If the observations
fall within the data envelope shown by Figure 2, then the
residuals have a positive-run, negative-run, positive-run
pattern. Given this pattern, we can expect the flattening
point to occur approximately at the middle of the negative rum
of residuals. We discuss the curvature of the progress curve
in terms of a flattening point {(as illustrated by Figure 2) for
expositional and statistical convenience. A more accurate
representation of flattening probably would be given by a
gradual curvature of the progress curve. The regression line,
taking the flattening effect into account, would be the dashed
line in Figure 2. Statistical problems occur in the actual
estimation of the dashed line in Figure 2, if we use *'dummy"” @
variables. To obtain the dashed line tc the tignt of the flat-
tening point, it is logically necessary to have a ‘'slope'" dummy
and an "intercept'" dummy associated with cumulative output.
However, the slope and intercept dummies have an extremely

high intercorrelaticn (r > 0.99), which makes the estimated
coefficient values for the slope and intercept dummies un- 1
reliable. 1If only a slope dummy is used, then a biased esti- 5
mate occurs in both the estimate of the slope-dummy coefficient
and in the estimate of the flattening point (i.e., the amount
of flattening is considerably underestimated and the cumulative
quantity at which it occurs is considerably overestimated).
Therefore, in view of these problems, we estimated the dashed
line by completely segregating the data into two nonoverlapping
groups and running a regression equation of the form

3
L

gnc = alD1 + BZDZ + a3Dl@N + adDZ&N , (2

wheve

¢ - M ik Ve o e 22 Lt N

D1 = 1, if N < K; and D1 = {}, othexwise; and
D2 = 1, 1f N > K; and D2 = (0, otharwise,

el A b
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Figure 2. PATTERN OF RESIDUALS

The flattening point X was chosen by trying several values and

. .. ? - .
selecting the one that maximized R" (coefficient of determina-
tion).

The regrescion results statistically supported the propo-
sition that flattening of the progress curve occurred for the
AD and A-4 gircraft. Evern in the rase of these twd aircrafx,
the results were not completely unambiguous, because of the
effect of an introduction of a model change. The apparenc
flattening point was around 460 aircraft for the AD and 790
aircraft for the A-4. The specific statistical results are
given in Appendix A.

16
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A cross-sectional analysis of the effect of cumulativs
quantity on flattening of the progress curve was made for six
aircraft types. The regression equation used had the form

mG = a + YWnF + conN® | (3)
where

= percent slope of the progress curve;
first-unit cost in man-hours per pound; and
= total quantity produced.

» 1 @
[}

N

the reasons for inclusion of first-unit cost F in Equation
{3) arc given in Sectison I »f this chapter. Of the six aircraft
types, two showed statistically significant and positive co-
efficients and four showed not-statistically-significant co-
efficients on cumulative output. These statistically signifi-
cant and positive coefficients occurred for bomber and fighter
aircraft, which indicated progress-curve flattening for these
aircraft types. The small numerical value of the coefficient
associated with N* suggests a gradusl flatteniag of the
progress curve. The regression results for the two types of
aircraft that had statistically significant coefficients weie
(for bombers)?

£

Gy, = 3956 + 0.06%nN,  (R® = .91; DF = 4 (48)

and (for fighters)

G = -4.461 - 0.076F, + 0.019mN, (R* = .59; DF = 15) , (4b)
where all coefficients are statistically significant at the .05
level; Rz » coefficient of determination; and DF = degrees of

freedon.

‘For bembers, fivst-unit cost F did not have a stavistically
significant coefficient at the .05 level. An equation was rum
far bombers with cumulative output as the only explanstory
variable; the results of that run are given by Equation (d4a).

17




Analysis of the limited data indicates that the point at
which the progress curve flattens out (if such a point exists)
varies considerably for different products--and even within a
product class. Conway and Schultz [13] present two examples,
both with steep progress-curve slopes; based on direct man-
hours per unit as the cost measure, that can be used to illus-
trate the wide variance in the peint where the progress curves
flatten out. The first example is the production of small
parts where the labor content of each unit is measured in
hundredths of an hour. The progress curve follows a 74.7-pcrcent
slope until 8 million wnits are produced, at which point the
curve flattens out. The second example is the final asscmbly
of an electronic unit where the assembly costs were measured in
terms of hours. Here the progress curve follows a 72.9-percent
slope until 20,000 units are produced, at which point the
progress curve flattens out.

It should be noted that the absolute reduction in cost
that occurs as cumulative quantity increases becomes progres-
sively smaller for a typical progress curve, as shown by
Figure 3. Thus, only a smali difference in absolute cost
appears if the flattening point is at A (in Figure 3) and the
cumulative quantity produced is at B.

£, EFFECT OF PERFORMANCE ON (OST

It is obvious from Figure 1 that unit cost depends on both
the slope and the intercept (i.e., first-unit cost) of the
prograss curve, What determines first-unit cost therefore
becomes an important subject of andlysis, A number of studies
have examined this subject and, in aslmust all cases, have

18
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DRAKN ONR ARITHMETIC GRID

concluded that cost is strongly celated to performance ragquire-
ments. !

IThese studies usually do not explicitly examine first-un_t
cost and performance; they examine unit cost and performance
for some specified cumulative qusentity. Howevar, the impli-
cation of these studies is that cost-performance trade-offs
exist for any specified level of cumulative quantity. Four

vepresentative examples of such studies are {1) Cost Eatimating

Aolationsghips for Safeguard Air venieles 114} (2) pire Tontrol

Redar and Airborne Computar Cost Ppgdiotiun nged on Teghntiocali
pParamatere 1151, (3) Cost Fvaiuation and coat Betimating for
ghipboard Fleatronta Equipment r16}; and {4} cogt-Eatimating

Rglationships for 2iporafi Airframes (171.
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Inertial navigation systems are presented here to illus-
trate the relationship between first-unit cost and performance.
These systems were selected for several reasons:

¢ An inertial navigator is a fairly expensive piece of
avionic equipment.

¢ Performance parameters arve essentially one-dimensional
(the radial error rate).

® IDA has done considerable work in the area of naviga-
tion equipment cost and has an extensive data base on
this equipment.!
Because the black boxes making up an inertial navigation
system interface with many other pieces of equipment and may
or may not include computers, digital convertors, and displays,
it was necessary to separate the cost of the inertial sensors
from the costs associated with the computers, dig.tal convertors,
and displays. This separation was made subjectively, following
the rule that only the cost of equipment (sensors, power suppiles,
and electronic controls and displays) necessary to run the
inertial navigation set arc part of the sensor cost. Figure 4
presents a plot of inertial sensor first-unit cost (in 1370
dollars) versus radial error rate.? The regression shown in
Figure 4 had a coefficient of determination of 0.942. That is,
the one performance parameter (radial ervor rate) explained
94 percent of the variance in the first-unit cost variable.
The steep slope of the cost-estimating relationship illustrates
how strongly performance affects cost. An inflexible require-
meat for an inertial navigator with a radial error rate of 0.9
knots (when s radial error rate of 1.5 knots would satisfy

'The performance cost relationships presented here were

m‘iginall}f di}\f’i}lopé‘d in Saage and ?(5;0“:“.7?'.“.‘?;:'5;‘@ \1..’" Arrkorpne
Navigation Syatems [18].

1To provent thixz report from being considered classitied,
data points were deleted from ¥igure 1. Curves with the
actual data peints ave available to all authorized govern-
ment personnel with a need to know.
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mission requirements) unnecessarily increases first-unit Lro-
duction costs by 129 percent.

Ancther useful insight can be gained by analyzing the
first-unit cost of inertial navigation systems over time.
Inertial navigation systems are g particularly good illustration
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because, unlike many other systems, buth low- and high- §
performance systems have recently been built. Over time, :
especially in rapidly developing fields such as inertial navi-

gation, advances in the level of available technology should é
have a noticeable effect on first-unit cost. To test this :
hypothesis, a second regression was run to derive an estimate
that included calendar time as an additional variable. Figure

S illustrates that for constant performance che cost of an
inertial system 13 decreasing at thz rate of § psraent per year.
The coefficient of calendar time is statistically significant

at the .05 level.

It would appear from this discussion and from past work of
IDA and others, that high-performance requirements are a
primary cause of high production cests.  While this study could
have been devoted to deriving cost-peiformance relationships

for a variety of other equipment, we believe that, having
indicated that performance requirereri:s are a major cause of
high cost, the rest ol the study a,sunes that psvformance re-
guirements are given. Additional results relati g cost to
performance are not needed to identify and quantify other
factors that affect cost.

F. FIRST-UNIT COST VERSUS SLOPE RELATIOWNSHIPS

It is not possible simply to look at a product's progress
curve and determine whother the curve is efficient. A progress
curve with a high first-unit cost (bad) might have a steep
slope (good), and vice versa. it is generally accepted that
higher-perfarmance products have higher first-uait costs, an
illustyation of which was given by the inertial sensor system.
Since higher performence normaliy implies a more sophisticated
and complex product for a given state of technology, it s
Jogical to assume that more learning (i.e., a steeper slopu)
can be achieved when a product hes a high first-unit cost.
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FUNCTION OF RADIAL ERROR RATE AND CALZNDAR TINE

Since high first-unit cost is associated wivh high-performance
products, it follows that there is a negative relationship
between first-uni® cost and slope. The first-unit cost and
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and slope data! for various aircraft types support this relation-
ship, as illustrated by the plots for fighter aircraft in

Figure 6. In this figure, the progress-curve slope is measured
for 22 fighter aircraft on the vertical axis, and the corre-
sponding first-unit cost is measured on the horizontal axis. A
negative relationship between first-unit cost and slope is

found for all aircraft types, as illustrated by Table 1.

Table 1. SLOPE VERSUS FIRSY-UNIT COST FOR
DIFFERENT TYPES OF AIRCRAFT

: Percent Reduction Coefficient Nymber of
in Slope for 10- of Aircraft
Percent Increase in Determination Models

Aircraft Type First-Unit Cost (i.e., R%) (by type)
Attack 0.40 14 9
Bomber 0.60 .37 8
Cargon 0.33 42 12
Fighter 0.74 .52 22
‘ Helicopter 0.82 .52 16
{ Trainer 1.42 .92 N

The line shown in Figure ¢ provides a weak measure of the
efticiency of a particular program. Points falling below this
line indicate equipment produced more efficiently than the
industry average: poeints above this line indicate equipment
produced less efficiently than the industry average. Of course,
since for any particular program the relative importance of the
first-unit cost and slope is dependent on the number of units
to be produced (i.e., if only a small nusber are produced, low
fivst-unit cost is move important than slope}, the line 1s not
a universal measure of efficiensy.

—®

IThe best avaiiable cost data were in terms of direct manufac-
turiug man-hours per pound  Therefore, all the progress
curves pertaining to aircraft were derived in terms of direct
man- hours per pound rather than dollars.
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The negative relationship between slope and first-umit
cost also has implications for the high-performance/low-
performance force mix. For example, a higher-performance
fighter whose first-unit cost is twice that of a lower-
perfoi ince fighter might be expected to have a unit cost only

1.4 times as expensive as the lower-performance fighter at the
hundredth unit.

G. THE IMPORTANCE OF ADDITIONAL EXPLANATORY VARIABLES

Having examined in Sections D, E, and F) the first of the
two basic questions asked in Section A, we will now explere the
second basic question and the three topics under it--namely,
the effect on cost of (1) mcdel change, (2) production rate,
and (3) lot si:ze.

The relationship betwean cost and each of these variables
is given in the three subsections of this section. O0Of these
variables, lot size appears to be of particulay importance,
from two standpoints: (1) it frequently shows up as having a
significant effect on cost, and {2) it is a factor that can be
controlled. Table 2 shows the improvement in the RZ (adjusted
for degrees of freedom) that occurs by addinz additional
variables to the regression equations. For each aircraft type,
either lot size or producticn rate was one of the additional
variables added to the rogression equation. Because of Aata
limitations, it was not possible to inciude both lot size and
production rate {n th2 same regression equation. Whether or
not model-change variables were added depended on the particular
aircraft model. The regression-equation results for each air-
craft are glven in Appendix A. The regression equation used
was of the form

k
nm e A, *b#ﬁ' E:Eﬁm% . {5

-
1=
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where

m = direct man-hours per pound of airframe;
N = cumulative number of planes;

™
1]

other explanatory variabies (i.e., lot-size or
production-rate, and model-change variables); and

K = number of explanatory variables.

For the AD and A-4, where the flattening effect was incorpo-
rated into the regression analysis, Equations (2) and {5) were
combined.

The form of Equation (5) is consistent with the practice
in the literature, but may represent a misspecification of the
form in which some explanatory variables should enter this
equation. If the true relationship between cost and production
rate or lot size 1is l-shaped, as the thecry suggests, the
correct form for the specification of production rate and lot
size is '"quadratic,’” as explained in Subsections Z and 3,
below. If production rate or let “ze has values that are not
close to the optimum production rate or lot size, then
Squation (5) gives & correct representation of results over the
region of the observed data. Two pessible quadratic forms that

\
Z or {2 and I%). Howevsr, both these

could be used are (I - a)

quadratic forms have statistical or mathematical problems. In

the first fovrm, (I - u)z, the form that should be used for a

is unknown; in the secoad form, I and 22, ther= 1s a high inter-
a

correlation hetweoen o and 2° that makes the estimated values of

the % aad :2 coefficiants unreliable. With the limited guantity
of data available, we have used Equatien {5) for analysis
{rather than stlempting to develop a quadratic form whose
estimators would have complex statistics sssociated with them),
vecognizing that we may be introducing a misspecification evvor.

1.

As can be seen from Table 2, if cumulative ocutput xplains™

almost all the varisrtion in cost, which will be reflected in 2an
Lo

R” close to !.U, then additional variables do not add zmuch

[ ™)
o
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"exrlanation" of cost. However, if the Rz is not ¢lose to 1.9,
then additional variables usually add a great deal to the
"explanation'" of cost. In the case where cost behavior is
dominated by cumulative output, it may be that not enough
variability occurs in the other independent variables for their
effects to snow up statistically. If, in addition, these otaer
variables are not at their optimal values, then the entire
progress curve would be toc high. This inefficiency would not
be evident from the estimated progress curve.

1. Effect of Model Change

We rneed to examine model change at least for the following
statistical reason: In order to isolate the effect of produc-
tion rate and lot size, it is desirable to incorporate within
the statistical analysis any other variable that has a signifi-
cant effect on cost. Ip *the case of aircraft (and probauly of
many o.%er products), suc. a variable is model change. It
often shows up as improvument of the fit of the rcgression
equation, as indicated by Table 1 and by Appendix A. The
typical way in which mcdel change affects the progress curve is

zhown by Figure 7.

1f we measure the distance between the g tual progress
cucve (solid line in Figure 7) and the progress curve projected
for no model change (dashed line in Figure 7), then we obtain
the shape of the dummy variable required to account for modal

change (chown by Figure 8).

The curve shown by Figure 8 can be approximated by a
ngeometiically lagged" dummy variable. To give an example of
a geometrically lagged dummy variable, let v3 suappose the
original model is produced for the first 15 lots, but a new
model is produced after lot 15. Then the geometrically lagged
cummy variable D would be represented by the following vaiues:




MODEL CHANGE
-
5
]
(9]
s
pa
3
——
CUMULATIVE QUANTITY
12213726

Figure 7. EFFECT OF MODEL CHANGE
O PROGRESS CURVE

INCREASE 1N UNIT COST

\

—————

CUMLHATIVE QUANTITY

[ 133 e 224

Figure 8. [INCREASED IN UHIT COST CAUSED BY
MODEL CHANGE
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0 for lots 1 through 15
0.5 for lot 16

0.25 for lot 17

0.125 for lot 18

o o o
i I

° .
. .
. .

0.0000305 for lot 30.

e
§

The rules for obtaining these values are as follows:

{1) The value of D for the first lot with the new model
. is 0.5.
(2) Each subsequent value of D is one-half the immediately
preceding value of D.

If all the values assigned to D were summed up, a value of
f 1.0 would be Jbtained. In effect, these weights assume that 590
. percent of the increased cost of a model change occurs in the
first lot of the new model, 25 percent occurs in the second of
these lots, 12.5 percen® occurs in the third of these lots, etc.

If the points given for this dummy variable are plotted,
and a straight line is connected between each pair of points,
then we approximate the curve shown by Figure 8.

Suppose we had two model changes, one at iot 16 and the
other at lot 25. Then we would use two geometrically lagged
dummy variables.

- D! = G for lots ) through 1§
D2 = 0 for lots 1 through 24
Dl = 0.5 for lot 18

B2 =~ 0.5 for lot 25
Dl = (.25 for lot 17
D2 = 0.25 fcr lot 26

. N

s .

Bl ~ (.0000076 for lot 32
P2 e 0.0000076 for lot 41.




The form of the equation used to incorporate model change
was

k
bm = a; + blwm + bZ&ﬂ + gg% biDi ’ (6)

where

= direct man-hours per pound of airframe;

= cumulative number nf planes;

geometricaly lagged dummy variable for model change;
= lot-size or production-rate variable; and

= number of explanatory variables.

»oN O Z 8
]

We found that this approach gave a good respresentation of
the effects of model change when most of the variance in price
was being explained by the cumulative number produced. However,
it did not adequately represent situations in which two or more
models were produced simulatneously or in the portion of the
progress curve that exceeded the flattening point for the two
cases observed, the AD and A-4 aircraft. (See Appendir A for
a disucssion of the problems associated with incorporating the
model-changs variable in the progress curves of the AD and A-4
aircraft.)

2. Effect of Production Rate

A considerable number of empirical studies have been under-
taken over the last quarter-century to measure the effects of
production rate on cost without reference to the progress-curve
concept. A summary of the results of several studies are given
by Tables D-1, D-2, and D-3 (see Appendix D). These tables are
taken from a survey article by Walters {19]. These results
show that avevage snd unit costs mgy be either falling, constant,
or vising. In other words, increasing (or reducing) the produc-
tion rate may either reduce, leave unaffectcd, or increase unit
cost. Tonese rasults sre not inconsistent with the conventional
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theoretical? relationship between production rate (output per
unit of time) and marginal or average cost: variabie inputs i
tend to show first increasing and then diminishing returns when
applied to fixed factors (e.g., size of plant or the availa-
bility of a skilled work force)--as illustrated in the U-shaped
curve of Figure 9. (Appendix E presents a mathematical deriva-
tion of the U-shaped unit-cost curve.)

e Bb et A S Ry RS

UNIT COST

PRODUCTION RATE

Figure 9. RELATIONSHIP BETWEEN PRODUCTION RATE AND UNIT COST

We now turn to tha much more limited empirical werk on the
effect of »roduction rate on cost within the conte it of progress
curves. Alchian (6], using World Waer (I data {21;, tested the
following equation:

logm = a ¢ bl log N + b2 log aN , ("N

whers

lpgul A. Saruelson, Chapters 23-24, Seonomice: An Introductory
Analysia [20].
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m = direct man-hours per pound of airframe;
N = cumulative number of planes; and
4 = rate of gircraft production per month.

This equatior has rate of production added to the standard log-
linear progress-curve formulation. It was tcsred on 22
"model-facility combinatiens (MFC).'" Examples of MFC tested

by Alchian were Boeing B-29, Wichita; North American P-51,
Inglewood; and North American P-51, Dallas. His conclusion was
that "the results cast doubts on any of the alternatives being
better fits than the usual progress curve. The principal

reason that little improvement would be expected is the presence
of very high correlation among...N [cumulative outpui] and AN
[rate]" [6, p. 13].

A study by Hirsch [22] also examined production rate
within the context of progress curves. Data consisted of five
years'! worth of monthly observations on production rate and
cost for & single-plant machine-tool manufacturer. Manufactur-
ing was performed by lot. Since lots were initiated on an
approximately monthly basis, lot size in this case could be
used as a good proxy for production rate. For each type of
machine, averate direct-labor hours by lot (for machining,
assembly, and the total of the two) were regressed against lot
size (rate) and cumulative quantity. For the two types of
machinery having the greatest variation in rate, it was found
that (1) the effect of cumulativ~ quaatity was always signifi-
cant, with negative regrvession coefficients indicating progvess,
and () the effect of rate never wss sigrificant, and the
estimating coefficionts were both positive and negative.

A study by Preston and Keachie on radar equipment (23]
used regression relatiohships containing both cumulative out-
put and production rate as independent variables. Total cost
and labor cost were used as alternate dependent variables.
Five of the six regressions that were run had both cumulative
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output and production rate as significant variables. Production
rate was significant at the .05 level, with a consistently
negative coefficient. However, from their remark that '"from
examination of the data, it was determined that the rising

phase of the shert-run cost curve would nic be observed with
sufficient frequency to permit estimation" [23, p. 104], it
could be surmised that data that would have indicated a positive
relationship between vroduction rate and cosi were not included
in their regressions. If this surmise is correct, then to
obtain consistently negative rate-coefficients that are
statistically significant is not surprising and does not prove
much. However, the results in all these cases are consistent
with a U-shaped cost curve.

For several aircraft in the 3ACKFILL files [24], data were
available on either monthly shop production or monthly
scheduled deliveries of aircraft. Some of these data were not
used because of serious interpretive or statistical problenms
causad by the concurrent production of different models of the
same aircraft. We used these data in conjunction with data
from the Naval Air Systems Command [7]. Regressions having the

saine basic form as Alchian's were run:
gl = ay + bI@N * bzﬁi , (8)

where

m = dirvect man-hours per pound of airframe;
N = cunulative number of planes; and
X = rate of aircreft production per month.

Table 3 gives the cecefficients obtained for production rate.

A negative coefficient indicates that increasing the producticn
rate will reduce cost, while the converse is true for 38 posi-
tive rate.

From Table 3, we find that thyse production-rate coeffi-
cients are not significant st the .55 level; one is significant
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Table 3. EFFECT OF CUMULATIVE QUANTITY AND PRODUCTIUN RATE

ON URLT COST

Progress Curve Production Rate Average Monthly
Aircraft Model ! Coefficient | {Slope) | Coefficient | {Slope) | Production Rate
8-58 -.a88"" (11.3) | -.o50" (96.6) 1.84
B-52H, Wichita| -.2n™" (85.2) | -.109 (92.7) 4.34
B-52, Seattle | -.325° | (79.8) | -.022 (98.5) 5.33
B-52, Nichita® | -.266 (83.2) | -.090 (93.9) 6.14
8-525, Wichita | -.423° (75.6) | -.065 (95.6) 7.17
KC-136 TN (73.1) 1387 | (108.9) 8.0

**Statistica11y significant at the .0G0) level (two-sided test).
*Statistica11y stgnificant at the .05 level (two-sided test).
aExc]uding G and H series,

at the .05 level with a negative sign; and two are significant

at the .00l level, but with opposite signs. Since, according

to certain theoretical censiderations, a U-shaped relationship
may exist between unit cost and production rate (see Appendix E),
the three not-significant results may be due to the misspecifi-
cation of the form that the production rate enters into the
regression cquation. This misspecification also occurs in all
the empirical studies we are familiar with., Instead of X,

X should enter into the regression with a form such as tX - t):;
However, without some « ;rior! 1nformation or some special

technique, the value of o cannot be determined.

To judge the gquantitative effect ot the production rate,
we have presented the production-vate "slope’” that corrvesponds
to the rate voefficient. These production-rate sjopes initially
can he interpreted in the same way as progress-curve slopes.
An 80-percent production-rate slope means that 1{ productieon

rate | doubled, unit cost fajils by 20 percent. it 1s ovident

trom the numerical values of the prodroiion-yvate slope that
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the quantitative effect of changing the production rate appears
to be small !

If th: U-shape of the rate relationship holds, these slopes
may actuaily overstate the savings that could be achieved--
as 135 il.ustrated by Figure 10. If we are at point A on the
cost cuvve, then we could achieve the lowest average cost by
moving to point B. However, using the slope derived from the
regression equation would indicate point C, which wcuid con-
siderably overstate the amount of cest reduction. If too sharp
a change in the right direction occurred in the production
rat: (e.g., moving from point A to point D), then che averaga
cost at the new rate might be nigher than at the old rate.
Only if the production rate were far too small {point E) or fav
too large (peoint F) would _iganificant cost reduction occur by
moving the production rate toward point B.

i

DIRECT MAN-MOURS PER POUND (m)
<3

<

P RAIE OF PRODUSTION PER MONTH [ X

Figure 10. TYPICAL U-SHAPED COST CURVE

‘Nevertheless, we must caution that this small guantitative
ceffect could be duc to a misspecification of the production-
rate varisble.
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The relationship hetween U-shaped cost curves and progress

curves is shown by Figure 11. (The mathemetical velationship
1s given in Appendix E.)

i

UNIT COST

\

malpe-
f PRODUCTION RATE

12:3-73-38
Figure 11. SHIFT IN U-SHAPED COST CURVES OVER TIME

A3 Figure 1l illustrates, at any particular time tis unit
cost is represented by a U-shaped curve. Over time, however,
the U-shaped curve is shifted downwards because of "learniry "
Thus, for any given production rate {rr in Figure 11), unit
vost is decvessing over time and therefore i3s also decreasing
as cumulative ocutput is increasing. A typical progress curve
vesulis 1f tho unit costs associatved with the points r, are
nleotted ayalnst cumulative output.




3. Effect of Lot Size

"Lot size" is the output obtained from one round of tgool-
ing setup. General practice is to schedule tooling setup,
tabrication, and assembly by lot size. An annual buy frequently
comprises @ number of lots. At least in the case of airframes,
the lot size appears to have a morec important cffect on cost
than the preduction rate has. This apparent fact is also
likely to be true for other products that are charactevized by
small lot sizes. Such products usually ave expensive, complex,
and specialized,; and they ofter undergo considerable techno-
logical development. For small lot sizes, setup and other non-
recurring costs related to improvements and any othes modifi-
cations specific to any given lot can be expected to be an
important part of total cost. However, lacger lot sizes will
spread the costs specific to the lots over more units, thereby
reducing the average cost of each unit. In addition, large
lots may lead to larger velume buys of parts and components,
with a resultunt cost reductun. These cost-rceduction effects
are cited by the limited literature on the relationship of
average cost te lot size. For very larye lot sizes, however,
tooling and machinery begin to wear out--a situation that
necessitates increased maintenance and that may iaterrupt
production activity., Inventory osts also 1actrease with lot
size.  Another effect 15 the antroduction of engineering and
product-configuration changes; the larger the iet size the more
Likely it is that changes will be introduced before the Yot is
completeod. These changes must *hen be incaorpoarated by 2 rewoark-
ing of the parts that have already beon produced.  Increased
toel maintenance, inventory size, and product-zonfiguration
change (caused by the volume of fngilneeving (hange Notices) can

<

cause a significant rise in unit cosy with large lot sizes. if

Land

we combine the two inf ez of (1) setup cest and {2) costs

en
of tool muintenwnce, inventory stre, and product change, we can
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expect a U-curved relationship between cost and lot size,
similar to the curve found for the production rate.

While occasional mention is made of the effect of lot size
on cost, we did not find any statistically rigorous quantita-
tive results in the literature. Therefore, we had to detcrmine
the quantitative importance of lot size without refe.ence to
the literature.

To determine empirically the effects of lot size on unit
cost of airframes, we ran regression equations on 24 aircraft,
with both cumulative ocutput and lot size as explanatory
variables of unit cost. These regressions had the following
basic form:’

am o= oa, + bll&".N + bZE"'lS r (%)

a

where

m = direct man-hours petv pound of airframe,
N = cumulative number of planes; and
S

)

lot size.

The results of these runs are shown by Table 4. Despite
the overwhelming effect of cumulative output on unpit cost, lot-
size coefficients wevre statistically sigrificant for 14 of the

23 aircraft--6 of them at the .001 ievel.

While some c¢f the 10 not-significant cocfficients for lo?
size appear to be Jue to a small sample size, as indivated by
Tabhle 5, a more likely explanation is that lot size shows up as
being an important influence onr cost aply when cumulative cutput

is sutfficiently iarge, as indicated by fighter, attack, and

'¥hile it is believed that the relstionship of lot sire and
cost is !-shaped, there are serious methodelogical Qrob!emsvof
introducing the lot-size term in any non-log-linear ferm. The
methodological problems aand the effect of misspecifying the
form of the lcot-size term in the Tegression egquations are
identical to the misspecification of the production-rate ters
(previously discussed in Sectien G.2., above.
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1 Table 4. EFFECT OF CUMULATIVE QUANTITY AND LOT SIZE ON UNIT COST é
j é
Aircraft Progress Curve Lot Size Averaqe]
Model Coefficient | (S1ope) | Coefficient | {Slope) | Lot Size
C-124 -.054 (96.3) | -.e08"" (75.3) | 29.3
F-86 -.187"" (87.8) | -.n7"" (80.3) | §5.2
C-123 -.293"" (81.6) | -.263"" (83.4) | 13.7
\ c-130 -.349:: (78.5) -.242:' (84.6) | 17.3
P-3 -.273 (82.8) | -.196 (87.3) | 13.5
T-28 S (86.3) | -.192" (87.6) | 59.8
AD -.462"" (72.6) | -.1817" (88.2) | 39.0
F-100 -.266"" (83.1) | -.168"" (89.0) | 55.2
A-4 .38t (77.1v | -.072" (95.1) 1 42.2
0-1A,8 et (88.4) | -.086 " (96.2) | 22.4
F-2H -.206 (81.5) | -.025" (98.3) | 22.5
F-g T (76.3) 093" (106.3) | 32.8
7-33 -.203"" (86.9) 2 | (er.a) | 9003
F-84 423" (74.6) 208" | (113.8) ] 96.0
FJ-2 -.396 " (76.0) | -.118 (92.1) | 36.1
A-3 - 4387 (764.0) | -.100 (83.3) | 13.8
Fo101 -.2927 (e1.7) | -.072 (95.1) | 26.7
T-37A.8| -.426 (74.4) | -.052 (96.3) | 37.6
F-80 gt (78.97 | -.044 (97.0Y | 61.5
c-119 256 (63.7) | -.037 (97.5) 1 22.8
F-94 262" (83.4) 138 (90.8) ! 35.8
F-89 Ses2 T (84.0) .8 .2 28.8
C-824 -.483"" (71.5) .0 .3 15.7
F-3 -azet L (74.6) ..8 .3 27.3

**Statistically significant at the .00) level [two-sidea test).
‘Siatésti:aiﬁy significant at the .05 level (twoc-stided test).

ot stze did not 3dd to explamatory power of equation.




trainer sircraft i» Table 6. For rcasons that are not apparent,
this is not the case for other aircraft types.

Table 5. DISTRIBUTION OF SIGNIFICANCE OF COEFFICIENTS
BY NUMBER OF LOTS

Number cf Models
Coefficient Less than 20 Lots | 20 or more Lots
Significant 0 14
Not significant 7 3

Table 6. DISTRIBUTIGN OF SIGNIFICANCE OF COEFFICIENTS
BY CUMULATIVE OUTFUT

Number of Fighter, | Number of Carqo,
Attack, and Patrol, and 0Ob-
Tratner Models servation Models
Totad Total Total Total
Qutrut Gutput Qutput Qutpuc
Coefficient < 1,000 > 1,000} < 1,000 > 1,000
Significant 1 8 4 i
Not significant 7 1 ¢ 2

The results of these regression eguasions showed that the
average lot size for airirames usually was too small; unit
COosts In most cases could he reduced by increasing tac lot size,
as 1llustrated by Table 7. Of the 131 agivcrafr models shown in
this taple, the unit cost of 11 of then would be reducesd hy
increasing the lot size. For the ¥ sircraft models where unit

test would be increased by increasing the lot size,

. wetre

being produced in very large 1ot siztes,
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Table 7. RELATIONSHIP BETWEEN AVERAGE LUT SIZE AND UNIT COST

Number of Aircraft Models™ with
Average Lot Size--

ITtem Smaller than 60 | Larger than 90

Uit Cost Reduced by
Increasing Lot Size 11 0

Unit Cost Increased by
i Increasing Lot Size 1 2

*This table is composad of the 14 aircraft having statistically
“significant Jot-size coefficients.
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Chapter IV
COMPETITIVE PROCUREMENT

A. INTRODUCTION

The primary emphasis under this subtask was to mesasure
quantitatively the effect of competition on selling price.

The objectives of competition among suppliers are lower
prices charged to the government and improved quality of the
products. Because no objective measures of product quslity
were availsble, we have restricted ourselves to an examinatior
of price competiticn. Further, while it was the original in-
tent to examine quantitatively the effect c{ competition
throughout a product's life, the 2vailable data precluded our
quantitatively examining the ~ffect of competition in &ail but
the reprocurement phass of a program. Therefore, the follow-
ing analvsis is based on and directly applicable to competi-
tion introduced during ‘he reprocurement phase of 2 program.
Basically, the reason that data are not available to examine
quantitatively the effect of competition in earlier phases of
a program is that very few programs had competition beyond the
prototype stage, and those that did had ne control group by
which a comparison could be made to see what the cost might
kave been if there had not been competition.
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Improved quality may incorporate greater reliability,
a broader base of technology, and more varied approaches to
the weapon-system objectives; but these factors are multi-
dimensional aad difficult, if not impossible, tu quantify to
scalar values without imposing enough subjective value judg-
ments to bias the results completely. Regarding the character-
istics of the weapon system as fixed makes the problem of
measuring the benefits of competition more tractable, since
we are left with prices and costs. Nevertheless, the simpli-
fication may ignore substantial benefits of competition, some
of which are qualitatively discussed by Schairer [25] and
Schiaifer [26]:

The Schairer article [25] presents numerous exampies of
the quaiitative benefits of competition in the aircraft industry.
One example that is particularly revelant to this study deals
with the development of the Boeing 707 and illustrates the
distinction between long-run and short-run costs. In 1955,
at the start of the 707 program, Boeing designed a single
Boeing 707 that would have maximum commonality with the XC-135
and that would be sold to both domestic and overseas airlines.
This cheapest single 707 model had the disadvantage that its
range exceeded the needs of domestic airlines and yet was not
great enough for all overseas operators. Despite these obvious
disadvantages, Boeing proceeded with the development of a
single-model airplane until competition was introduced in the
form of the DC-8. The competitive pressure forced Boeing to
change its plans and develop the 707-120 series and the 707-320
series. While producing two airplanes increased initisl rost,
it had the beneficial effoct of reducing the operating costs
of the domestic airlines and overseas airlines 20 percent and
7 percent, respectively--compared to the proposed single-model
T07. These reduced operating costs more than offset the higher
initial cest, with a resultant long-term cost saving to the
traveling public.

46

. ey T Y AN T e T
A e i AT RS een e R .
e ST e UL, U SBEL Lo S S ARG SRR A

SyrLsRy e, 1



P YA Ly MR AL SR MAE 23 3 8 — o o s vmurcg fin @ osrest 4t Surp s 4P i b & e S ¢ e et SR ¢ LRSI PSSR FRIGEA S PO

Schlaifer [26] cites an example that illustrates how
competition may be the only way to achieve some desired results.
At the end of World War I, Stromberg-Carlson had a virtual
monopoly on carburetors for aircraft engines. The Stromberg-
Carlson carburetor used a float control that had a number of
serious shortcomings. Yet in the absence of competition,
Stromberg-Carlson simply r=fused all entreaties on the part ci
the government to design a new type that would be truly suit-
able for aircraft. However, when the government funded 2 com-
petitor, Chandler-Groves, to develop a flcatless carburetor,
Stromberg-Carlson quickly doubled its engineering budget,
pfovided the technical thirling, and produced the pressurs
carburetor that was the only carburetor used on new high-powered
aircrafv engines in the United States at the end of the Second
World War. To quote the author: "The history of the Stromberg
carburetor is thus one of the best possible 1llustrations of
the great need for competition in development."

Before setting out the analysis, it is useful to examine
briefly the current procurement cycle for major new systems.
For our purposes, the procurement cycle can be thought of as
four distinct phases:

e Preliminary design phase
¢ Development phase

e Initial preduction phase
@ Reprocurement phase.

Under current procurement practices, for the most part, competi-
tion exists in the design phase of the program and occasionally
in the reprocurement phase of the pragram; but rarely 1is there
competitior in the development =v initins] production phases.

The winner of the design competition woually is awarded a
sole-source contract to undertake development. For large sys:
rems, because of the high development cost and the generally
linited size of the market, losers of the design competition
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generally drop out of the marketplace for that particular
product, in essence giving the winner of the design competition
a virtual monopoly. However, as a precondition of winning the
design award, the contract signed generally allows the govern-
ment to have access to cost data on the development and any
subsequent sole-source productien contracts, along with clauses
preventing excess profits. The problem with the present system
is that, since the contractor is put in a position in which he
must justify all his costs, greater attention may be spent on
cost justification than on cost reduction. Further, at the time
the design awards are made, many of the problems associated with
the development are still unknown. As the prablems arise, the
government has little recourse but to stick with the original
contractor. Thus, while the current contracting procedures
generally prevent the winning contractor from making a monopo-
iist's profit, they do uot insure that the most efficient
producer does the actual work. (See Appendix F for a discussion
of efficiency and competition.)

Because the development and production phases of most
programs overlap, the contractor who does the development also
is awarded a sole-source contract for the initial production.

If the product is relatively simple and there are to be
recurring purchases, the government may procure the production
drawings and data and irtroduce competition into the reprocure-
ment phase of the program,

The ariginal intent of the study was to examine quantita-
tively the price effect of competition throughout the product’s
procurement life. Unfortunately, the available data precluded
exarining quantitatively the effect of competition in all but
the reprocurement phase of a program. Thercfore, the following
analysis is based on (and directly applicahle to} competition
introduced during the reprocurement phasz of a program.
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Basically, the reason that data are not available to examine
quantitatively the effect of competition in earlier phases of
a program is that very few programs had competition beyond the
prototiype stage, and those that did had no control group by
which a comparison could be made to see what the cost might
have been if there had not been competiton.

B. DEGREE OF COMPETITION EXISTING TODAY

One of the first questions that has to be asked when
examining the effect of competiticn is, How competitive is
DeD currently in their procurement? Table 8 is presented
to show “he degree of competition that presently exists in
DoD procurement. As can be seen from the table, the degree
of competition has been stable over the recent years, with sole-
source procurements accounting for approximately 65 percent;
competitively negotiated, 24 percent; and advertised, the most
competitive, 11 percent of the dollar value. However, approxi-
mately 40 percent of the sole-source awards are follow-ons to
contracts that evolved from an esarlier design or price competi-
tion.

Table 8. PROCUREMENT AWARDS EXCEEDING 810,000
[By percent of total doilars)

Fiscal Year
Type of Action | 68 69 70 1A 72

Sole-source 64.2 165.8 |63.0]65.1167.0
Negotiated |26.0 |23.0125.21]23.9122.4
sdvertised (11.7 111.3{1v.8{ 1.1 0.8

*Competitively.
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A search of the literature on the effect of competition
reveals that there are many subjective estimates of the price
effect of competition, ranging from 15- to 67 -percent savings,
but few actual data are presented to support these estimates.

g : Most of the data that d» exist were collected as part of the

DoD cost-reduction program of the early 1960s. Table 9 pre- %
sents the form «f these data.
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There are serious shortcomings ;:
to the type of data presented in Table 9 (from [27]):

¢ The data were '"selected" to demonstrate cost savings.
Thus, they do not necessarily represent an unbiased
estimate of the true effect of competition.

¢ There is no narrative to indicate whether the percent
reductions have been corrected for the effects of
cost-quantity relationships.

Table 9. EXAMPLES OF EXISTING DATA SHOWING THE SAVINGS
RESULTING FROM COMPETITION

Non- Savings on
competitive | Competitive Recent
Unit Price Unit Price Percent Procurement
Item {dollars) {dollars) Reduction {dollars)
Power Control Box 1.50 1.1 26 214,838
lExtendible farth
Anchor 75.43 52.25 Ju 231,800
Radio Set {(AN/PRC-47) 4,370.87 2,797.87 K1 1,296,317
R-105) Receiver 24,473.00 11,750.€0 52 4,018,718
Portable Ship Instry- :
mentation Package 795,777.00 - 595,987.00 25 399,554
‘ i
iBamd Fuze, M-905, ! .
Tail Assembly 18.06 ' 15.14 16 166,797
Sawer Supply i
| (FP-2058/ULA-26V) 1,238.59 838.1¢ 32 27.118
Shroud, “teering {
{ontral Hodule X
(SP GAX-5766) 750.60 538.00 % 28 27,560
Doppier MNavigation i {
3 Radar (AN/APK-153%) 2.924.00 1,567.00 13 §,2211%
; Average { 32 i
— SR
yource: Xearfngs bef the Subeommiitee an Federsl Trosuremewt anl _
bource ;z;:;:%:ch;?’r;ho Jafmt Faowomis Cpommitize, Longress of the E
United States, B3thx Congress, 24 January 1986, ;
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C. THE IMPORTANCE OF PROGR:SS CURVES IN THE ANALYSIS

Figure X2 presents the cost-quantity history for the
guidance, control, and airframe subsystems of the BULLPUP A
missile. The BULLPUP A guidance, controcl, and airframe sub-
systems were produced from 1958 to 1961 by the Mertin Compeany
as a sole source. In 1961, with Martin providing a data pack-
age, the subsystems were competitively bid--with the result
that Maxson also started to produce the subsystems. From 1961
through 1963, Martin and Maxson ccempeted for a portion of the
total award; each was more or less assured that he would get
some portion of the award.

While Martin's price dropped significantly between 1958
and 1960, it had nothing to do with competition, which was not
introduced until 1961, but was presumably due to a corresponding
drop in cost caused by the natural cost-quantity relationship.
On the other hand, a significant part of Martin's price drop
in 1961 might be attributed to the intrcduction of competition.
Data of the type presented in Table 9 does not provide encugh
information to separate the natural cost-quantity reductions
in price from price reductions caused by the introduction of
competition. Attributing all the cost reduction to competition
when a program changes from sole-source to competitive procure-
ment c¢an lead to overestimgtion of the competitive savings.
Note in Figure 12 that in 1964 there is another discontinuity
in both Martin's and Magson's proegress curves when the competi-
tion was intensified by making it winner-taac-all. The 1964
point shown for Martin is Martin's unsuccessful bid, while the
1864 point is Maxson's actual price. There is an interesting
sidelight to the 1964 BULLPUP history that veflects on some
of the hidden costs that may be associated with the intensified
competition. Prior to the 1964 award, all the SULLFUPs had a
spun nose con~. In order to lower cost in the 1964 winning bhid,

Mazxson replaced the spun nose cone with a clam shell. During
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a flight, one of the clam-shell nose cones failed and opened.

The Air Force grounded all the BULLPUPs with clam-shell nose
cones untii a fix was made. While Maxson made the fix at their
expense, the costs associated with the grounding were, of course,
borne by the government and are not shown in Figure 1Z or in

any cf the BULLPUP data used in this report.

D. DATA AVAILABILITY

Since the objective of the study was to measure guantita-
tively the effects of competition, it was necessary to develop
a data base of procurement awards that was both competitive and
sole-souice and to make comparisons. As mentioned earlier, the
design phase of a program is usually quite competitive. The prob-
lem of measuring the effects of competition in the design phase
is that the only meaningful measures are the results at the end of
the development phase. No attempt was mads {o measure the effects
of competition in the design phase, because guantilication of re-
sults at the end of the development phase is sc difficult. An
attempt was made to identify and acquire data on systems that
had competition during the development and initia’ proeductioen
phase of the programs. A few candidate systems were identified,
but attempts to obtain quantifiable data were unsuccessful. Thus,
the emphasis of the study was to analyze the effects of compoti-

tion during the roprocurement phase of the progran.

A effort vas made to assemble a data base of case histories
similar to the BULLPUP price history. Four siaspie criteria were
ectablished to identify systems for which data might be sought
for analysis of the effect of competition in the reprocurement
process. The four requivements werce--

o Ratriavable prioc data. Price data for many systems

no longer heing actively procured have deen irretriev-
ably lost.

25 Tegai tw: acie-soures production awamis. In order

to establish a sole-source progress curve, it was ne-

cessary that data from at least two successive produc-
tion buys be gvailable.
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¢ Av least ome gompetitive award. In order to determine
the benefits of competition, the data from a* least
one competitive buy were needed.

® Unit coat of at least $1,000 to avoid biasing the data
base with inconsequential items, since the results
should be applicabie to more major weapon systems.

The original plan was to identify all systems mceting these
simple criteria and to select a random sample for further
aralysis. It was found impossible to identify all «he procure-
ments that went from sole-source to competitive. Rec~ords that
would allow the tracking of procurement from contract to con-
tract are not usually maintained. This lack of formal procure-
ment history by specific products necessitated the surveying of
procurement activities in order to identify systems meeting the
above criteria.

Before going further, two caveats should be mentioned
about the data. One is that .eiying on the memory of procure-
ment personnel probably introduces & bias into the data. Per-
sonnel were likely to remember their successful procurements
moic than their unsuccessful. Secondly, since all the programs
in the data base were changed from scle-source to competitive
procurement, the changes iavalved a decision that a substantial
price veduction could probably he obtained by "geing competi-
tive." Therefore, the analysis of this data base may oversrate
the expected savings that might bhe achisved by changing to
competitive procurement any system currently procured sole-<ource
and selected at random.

Despite the extensive survey taken to identify 3 large
number 0f systems meeting the abeve criteria, only 19 systems
were so identified.'

'Sce Appendix & far a detailed list of procurement activities
contacted in an effort to identify svstems eligible for inclu-
sion in the competitive data dase.

.
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While progress theory is based on a relationship between
cost and quantity, it was found that the only data available
to us were price data. Under a sole-source contract, where
the government is monitoring the contractor's costs, marginal
costs and marginal prices are highly correlated; and it is
expected that progress theory will accurately reflect price
behavior. Therefore, we have referred to the sole-source
price-quantity relationships as progress curves. Under a
competitive contract, where the government 1s not necessarily
monitoring costs, the marginal cost and marginal prices may not
be correlated. The sigrificance of this fact will be explored
in Section F of this chapteyr. However, for notational ease, we
have referred to the price-quantivy relationship after the intro-

duction of competition as the post-ccmpetitive progress curve.

E. SAVINGS ON FIRST COMPETITIVE BUY

Table 10 presents a brief summary o:r the procurement
histories of 1Y systems.! The second and third columns pre-
sent the sole-sourc2? first-unit cost dnd progress-curve
exponent, which completely speciify the log-iinear progress
curve. The fourth column presents the cumulative number of
units that were procured under all the sole-source contra-t..
The fifth volumn presents the nutber of unlits contracted tor
under the first competitive award. The sixth coiumn lists
the estimated savings on the first competitive award; Thais value
was calculated using Equation (10a):

'See Appendix H for a detalled discus<ion and listang of the
dara cvollected for cach of these syst¢~s, in addition to a
number of systems that were oviginally identified as being
potential candidates for the data base but, {ny reasens dis-
cussed in Appendix H, were not included.

2the TOW and the second BULLPUP procurement data shown in
Table 19 differ from the other Table 10 data in one important
vespect. the TOW was procured as a dual-source procurement
from the very start of pioduction. Thus, it was not possible
to measure the price benefits of having {continued ¢n p. 571
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Table 10. SYSTEMS WITH A SUMMARY OF CHARACTERISTICS
MAKING UP COMPETITIVE DATA BASE

——
Scle- *T Number
Swurce Savings of
First- Sele- Numner Size of of First Bidders,
Unie Source of First Com- Firet
Lost Proyress- Sole- Com- petitive Cam-
{thousand furve i Source {petftive hward petitive
Systanm dollars) | Exponent Units Award {percent) Award
BULLPUP (Hartin)g 122 -. 749 10,195 1,278 13.3 6
BULLPUP (Maxsaon) 10 -.149 4,438 3,580 45.8 ?
TALOS 54&C Unit 1,200 -.2715 1,608 470 42.3 4
T0-660 Multipiexer <19 : ~ 496 217 425 3n.2 3
£D-332 Multiplexer 16 | - o062 1,383 | 2,218 57.8 5
TD-202 Radin Combiner 29 -, 2N 1,057 Z2,185 52.5 [
T0-204 Cable Combiner 32 -.248 2,687 2,687 50.2 [}
HAWK MMMP 56 -, 432 8,128 2,348 6.4 4
1 APX-72 Airdorne
Transponder &6 -.343 13,232 3,373 32.6 27
MX-48 Warhead 34 -amn £52 489 53.2 fl
MK-28 Zlectrical
Assembly 78 -.3N 67 417 HEE R
herro 60-5402 il -. 063 53% 39 57.0
SPA-2% Radgar Ingi- .
cator 272 - 460 1,631 323 21.3 .-
‘SH!LLE.nGH Hissi]ec 153 -.395 1,233 2v.812 | -2 9
ROUKEYE Bomb© i3 -.263 35,855 32,087 LI 12
oW Misiiled 16 138 24,750 | 12,000 481 3
;USN-]&? Telephone
i Test fet 5 - 285 342 387 36.9 16
FGC-:0 Taletype Set 5 -, 04 1,104 216 : 32N 3
MO-§72 Modulator- !
Demodulator 18 -.320 ¢,542 437 6013 18
C¥-7348 Signal Can-
verster 37 -.27% 3,945 7,838 §3 .7 38
iverage . 12 163 5,964 4,719 36.3 R.4
L stardard Devisvion| 765 | '3 9,579 1 s.aey 1 as 5.3

Yfnese are the scle soyrce 5rogriss-curve chirscteristics 2xcepl for She TOw and
tha secand BULLPUY case. For both the TON #ad the second BULLPLP caye, there Rag
beern 2 sertes of “sal.tource procyremants. This rasrecents the dual-source gro-
gress curves of the jgurce that wah the w.nrer-tave-all zampetition,

EY

“Yacept for tMe secons BUlLFED cove amf the TOW, iRl f3 the savimgy on lhe flrogx
compatitive ayy. For the smeard SULLPUP cise amd the 0w, thie 1y the s2vingy on
thy firgt uwimper-tave-a11 quard.

5.

Lewmpeltitive quward i1ty velweer two prodycars.

r:3
“Fotat 2t which gwerd made wimasr-take-alll
€
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savings = BBy 100, (10a)

where

M

Savings = the percent savings realized on the first

cuompetitive procurement;
E

#

the estimated cost of buying the units
bought under the first competitive contract
as 4n extension of the sole-source progress
curve; and

A = the actual cost of the first competitive award.

For example, in the BULLPUP case the first competitive
award was for 1,278 units, of which Maxson built 200 and Martin
built 1,078. The actual price charges f3r these 1,278 units
was $5.26 million. Yet if the 1,278 units were an add-on to
the 10,195 sole-source units already built by Martin and the
sole-source progress curve were extrapolated, it is estimated
that the cost would nave been $6.11 millior vzcordingly, the

savings were

x 100 = 13,9%

$5.26
1

Tadle 10 shows that the r~rithmetic average saving of the
first competitive reprocurement buy was 37.3 percent.  There
was, however, a very large dispersion but 3 symmetrical dis-
tribution about the average, with a median of 37,5, a righ of

0.3 percent, a low af -0.23 percent, and a standard deviation

cent'd) twe sources. What wis possible to measure was the
rice changes that occurred waen the dual-sgurce procurement
as shifted to a winner-tske-all competitive procurement. All
the characteristics for the TOW prog-ess curve shown in Table
10 pertain to the winning contractor of the winnev-tate-all
competition. The .cthod for procuring the HULLFUP went {rom
4 sole-scurce procurement teo a dual-seurce procurement to a
winner-iake-all procurement. The first set of RUILPUP Jata
arc for the case where the BULLPUP went {rom a sole-source to
3 dual-source precuremant. The sccond set of dats perta. ,
to the peint where the BULLPUP procurement went fo winncr-take:
all and represent Mgxson's pre-winner-take-all progress curve.

{
P
W
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of 18,9, A regressiorn analysis was performed on the data i ;
order to try to identify some of the factors that would corre-
late with the cost savings. A regression equation relating the
actual cost of the first competitive vuy to the number of other
param.ters was derived as shown by Equation (13b). Because we
find no ¢ priori knowledge of what form the equation should

take, we usssumed the most simple form, a basic linear equation
where each component of the equation merely arithmetically adds to
(or subtracts from) the total. The exact form of the equation was
dictated by the fact that it was our desire to come up ultimately
wivh an equation of the form of Equation (10c). While Eguation
(16c) is not a direct regression equation, it is an arithmetic
manipulation of the regression equation and presents the cxpected
cost savings on a percentage basis for the first cont ¢t that

has had the intensity of the competition increased as a function
of the parameters shown.

=

1
A= 0.383E - 0.732E x L, + 0.926 x £ x == + 0.018 x E x <2 (10b)
1 N, N
N. N
E - A 0,635 + 0.785 x L, - 0.897 x = - 0.018 x =% ,  (lCc)
E 1 N, N,
whare

A = the price paid by the government for the first
significant competitive award;
E = the estimate . cost of the first competit ve award

calculated from an extrapolation of the sole-source
progress curve;

L1 = the progress-curve exponent of the sole-source
progress curve;
N1 = the number of units that were built under a sole-
source contract before competition was introduced:
NZ = the size of the first competitive award in units; and
*

N, = the size of the award to the smaller of the two
contractors in the case of a split competition
(where there is only one contractor winning the
award, Né is zero).
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All the coefficients of Equation (10b), which explains 96
percent of the variation in the price of the first competitive
award, are significant at the .05 level. It should be noted
that the basic linear regression model requires that the
variance be constant over the range of the data. Undoubtedly,
in the case of our data, the more expensive the award the
greater the variance was likely to be. To compensate for this,
Equation (10b) is a weighted linear regression with each obser-
vation weighted by 1/E2. It is believed that once all the data
point< sre weighted by this factor, the assumption of homo-
skedasticity required for the linear regression model is met.

From Equation (10c}, it can be seen that the expected cost
savirgs on the first competitive award are correclated with--

» The sole-source progress-curve slope. The steeper the
progress-curve slope the less that is likely to be
saved.

e The type of 2ompefition. Maximum savings are achieved
on the {irst competitive buy on a winner-take-all com-
petition. 1if, however, there are additional buys after
the first competitive buy, then a winner-take-all
strategy may not bpe optimum. The minimum expected
savings occurs when each competitor captures 50 perceat
of the award.

1

© The relative size of the [ipet comperuvtiuve wward.,  The
percentage cost savings are negatively cerrelated with
the ratio of the number of units bought under the first
competitive award to the total number of units produced
under all the sole-source awards. Although this term
was statistically significant, it was not quantitatively
too important in predicting the savings for the first
competitive buy because of the smsll size of the coefil-
cient. However, for a series of competitive buys, this
term can become quantitatively significant. (See Sec-
tion F, below, on the bohavior of the post-competitive
PTOQress curve.)

Suuprisingly, one variable that does measure the intensity
of the competition was not found to be statistically significant--
namely, the number of bidders.

It was also obse 1 that of the 17 winnevr-take-all coapeti-

tions in the data base ualy one was won by the sole-source producer,
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The empirical data present a paradox. As opposed to what we

observed, logic would suggest that, because of the progress
curve, the sole-source pruducer should have a great competitive

advantage in any winner-take-all competiticn and should win most
often.

A number of reasons have been advanced to explain why the
sole-source producer in our data base won so infrequently.
Reference to Figure 13, which is a conceptual) description of
the data we observed, helps to illustrate the arguments. Let
us define the most etfficient progress curve as a cost-quantity
relationship such that for any juantity no producer could ever
have costs lower than the costs represeated by the most efficient
progress curve [illustrated by Curve 1). Presumably, an ideal
procurement environment would force producers to be as efficient
as possible and would lcad to the selection of producers with
the most efficient progress curves. Curves 2 and 3 are meant to
represent symbolically zll the other possible progress curves
(less efficient than the most efficient progress curve) that
could be followed.

I[f a sole-source producer were following the most efficient
progress curve, except for e¢ither the case where this producer
was making excess profits {generally precluded in a sole-source
contract unuer the Armed Services Procurement Regulations) or
the case of a "buy-in" by a coumpetitor, there would be ncither
much likelihood of schieving significant savings by introducing
competition ner much chance of the sole-source producer's losing
the competition. On the other hand, if the sole-source producer
were following an inefficient progress curve (2 or 3), there 1s
a significant opportunity for price reduction by introducing
cempetition, =lnce the competition weuld allow some other pro-
ducer {(who mieht {nllow a more cfficient progress curve) either
to bid on the product and win the competition or te force the
sole-source producer to . mora efficient progress curve. There
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Figure 13. ALTERNATIVE COSY-QUANTITY CURVES

are some institutional reasons that may make it difficult for
the sole-source producer following an inefficient progress
curve to shift to a more efficient progress curve. These
institutional reasong, which would mitigate agaiast the changes
that the sole-source producer must make in his cost structure
if Ye is to win the competition, may more than ocffset the sole-
source producer's advantage in being experienced in the pro-
duction of the product. Since the savings schieved by intro-
ducing competition exceeded 10 percent for ail but three cases
in our data base (and only one of these was a winner-take-ail},
it would appear that the most efficient progress curve was
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seldom, if ever, observed, The fact that our data base was
composed mainly of products following progress curves that were
not the most efficient, combined with the institutional diffi-
culty of changing an established production procedure {with
attendant costs), goes a long way to explain why the winning

of the competition by the sole-source producer was so infre-
quently observed.

Referring again to Figure 13, it is obvious that for some
guantity produced the potential savings that can be achieved
by shifting from an inefficient progress curve to the most
efficient progress curve will be greater for products follow-
ing an inefficient flat progress curve than for products
following an inefficient steep progress curve. This is exactly
what our derived regression equations for savings predict.

Before leaving this section, an impertant caveat should
be res‘ated. Our data base was not a random selection of all
systems being procured sole-srurce. In order to enter our data
base, the system had to be competed at least once. Therefore,
someone had to make the conscious decision that it was techni-
cally possible to compete the system and that the potential
savings from competition more than offset the costs associated
with developing the necessary data to run the competition.
Thus, the regression equations we have dirived to predict the
savings that might be achieved when competition is intreduced
may not yield uibiased estimators for predicting the savings
that might be achieved when compefition is introduced into any
sole-source procurement chosen at random.

F. POST-COMPETITIVE PRICE-QUANTITY CURVE BEHAVICR

In order to dctermine what happens to the progress curve
after the introduction of competition, 14 post-competitive
progress curves were developed from svstems in the data base

that had at least one additional procurement after the first
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competitive procurement. It was necessary to have at least one '
additional procurement after the first competition in order to
develop a post-competitive progress curve. Of the 14 post-
competitive progress curves, 6 were for the case where bidders
received percentages of the total award, 5 were competitive
winner-take-all in subsequent buys, and 3 were sole-source
awards to the winner of the first competition. In addition,
the only data available to us were price data (rather than cost
data), forcing us to deal with post-competitive price curves,
which might not have the same siope as the underlying cost
curve. The implications of having price data rather than cost
data will be discussed more fully in Section F of this chapter.

In deriving post-competitive progress curves for some of
the systems, a problem arises that does not arise in derivi ¢
sole-source progress curves. The problem is determining wh:t
cumulative quantity should be used as the starting point for
the progress curve. [f the winner of the competition has been
the sole-source producer, there is no ambiguity in selecting
the quantity against which to start plotting the post-competitive
contract prices. The quantity is just a continuation of sole-
source cumulative units. However, if the producer that wins
the competition is & new producer, there is some ambiguity as
to where his progress curve should be started. On the one
hand, conventional practice in deriving progress curves is to
plot cost versus cumulative gquantity built by a given producer.
This practive would suggest that the new producer's quantity
should start 2t unit 1. However, in the case of a second-source
producer, who may have been supplied drawings and even working
models, there is & particularly large smbiguity as to where to

start his progress curye.

Ideally, if enough data existed, a nonlinear regressien
equation could be derived that would estimate not only the

intercept and the slope but also the starting quantity.
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Unfortunately, we did not have enough data to do this. What
was done, instead, was to construct post-competitive progress
curves for new producers under two different assumptions:'

(1) the starting unit was unit 1; (2) the starting unit was the
cumulative number of units produced by the sole-source producer.
Table 11 presents the results of this comparison fer the 11
systeus. As can be seen from Table 11, the effect of starting
the progress curve at the point where the sole-source producer
left off is to accertuate the slope of the post-competitive
progress curve. Four of the 10 systems--BULLPUP, ROCKEYE,

HAWK, and Aerno 60-6402, whese slopes were derived by starting
at the point where the sole-source producer was at the time of
the first competition--can be rejected because they are well
outside the range of progress-curve slopes that are commonly
observed. The slope of a fifth system (the TD-202) is so flat
that it makes no difference where the starting point is taken.
With 4 of the 10 curves giving implausible results when they

are plotted starting at the peint where the scle-source producer
left off, there is a strong indication that the starting peoint
must be some number significantly less than the point where

the sole-source producer lefr off.

Further, there is strong cvidence that the pest-competitive
progress curve will have a slope that is flatter than the sole-
source progress curve. As can be seen {rom Table 11, 10 of the
14 post-competitive progress curves have slopes that are as
flat or fiatter than the sale-source progress curves, even when
the post-competitive progress curves ars dervived xtarting at the
~gint when competitian was intrvoduced. In addition, the statis-
tically significant negative sign on the coefficient associated
with the size of the first competitive award shown in Equation
(10¢) is confirmation that the post-competitive pregress curve
is flatter than the sole-source progress curve. It should be
noted that Fquation (10¢), as opnosed to Table 11, was derived

from a data base that required no assumption shout where the
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Table 1i. COMPARISON OF POST-COMPETITIVE PROGRESS-CURVE SLOPES
{In percent]

Post- Post-Competitive
Sole- Competitive | Progress-Curve Slope
Source Progress- Starting at the
Progress- | Curve Slope| Cumulative Number
Curve Starting at Produced at the
Systen Slope Unit Point of Competition
BULLPUP éﬁartin) 78.5 -7 79.8
BULLPUP (Maxson) 73.5 90.2 39.5%
TD-660 Multiplexer 70.9 96.6 78.9%
Y0-352 Muitiplexer 95.3 87.3 93.4
T0-202 Radio Combtinar 87.4 99.8 99.6
T0-204 Cable Combiner 84.1 95.9 91.5
HAWK MMMP 14 90.9 61.1
APX-72 Airborne Transponder 75.8 96.3 77.3
Aarno 60-6402 95.7 103.7 161.5
-
SHILLELAGH Missite EPhilco) 76.0 -- 76.0
SHILLELAGH Missile (Martin) 76.0 30.1 84.9
*
ROCKEYE Bomd SHoneyueETg 83.3 -- 83.4
ROCKEYE Bomb (Marquardt 83.3 100.8 110.8
*
TOK Misstle 91.% -- 100.9
L
'Daes not start at Unit 1 bacause follows units produced by same con-
tractor under sole-source procurement.

post-competitive progress curve started and that was larger
than the data base used in conjunction with Table 11. If the
post-competitive progress curve were elther as steep as or
steeper than the sole-source progress curve, then we would
exﬁect the coefficient associated with the size of the first
competitive award shown in Equat.on (10¢) =~ither to be insignifi-
cant or to have a positive sign, respectively. The negative
sign means that the larger the post-competitive award the
smaller the percentage savings.

A corollary of the pest-competitive progress curves'
flatter slope is that it «ill have a lower intercept {first-unit
cost) than the sole-source progress <urve.

Detailed theoretical arguments ha.2 been developed in
Appendix ¥ for both the competitive cost and price curves
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having lower intercepts and flatter slopes than the sole-scurce
progress curve., These arguments take into consideration such
concepts as the producer's efficiency, including the effect of
the Armed Services Procurement Regulation (ASPR) profit guide-
lines, and the likely shift in pricing strategies as the type
of contract award shifts from sole-source to competitive.

Cur main interes:t in this secticn is the behavior of the
post-competitive price-quantity curve; therefore, we have briefly
summarized below the major argument (which is based on a com-
petitive pricing strategy) about why the post-competitive price-
quantity curve should have a lower intercept and flatter slope
than the sole-source progress curve:

On the one hand, during the sole-source procurement, DoD
forces the scle-source producer to lower his price as he
proceeds down the cost-progress curve. On the other
nand, in a competitive procurement (where the emphasis is
on price rather than on cost), the compstitive producer
has an incentive tu establish a price that is sufficiently
low to capture the market, However, once the market is
captured, he has no further incentive or DoD requirement
to lower the price more than is necessary to maintain the
market, regardless of how his costs decline. In the case
of the limited market for specialized DoD products, where
there is a winner-take-all competition, there is little
incentive for the winner of the first competitive award
to lower his price significantly on the second competition,
since he knows that none of the losing competitors of

the first compotition were able to lower their costs
through the progress-curve phenc~enon; and, hence, the
losers' second-round competitive bids are net likely to
be much lower than their first-round competitive bids.
The flatter competitive price-curve is quite consisitent
with what is sometimes observed for certain products
(particularly vehicles) in the commercial (competitive)
marketplace, where the product prices tollow an
essentially flat price-quantity curve over relatively
large prcduction guantities,

Figure 14 illustrates the relatiaonship between the sole-
source progress curve and the pest-vompetilive progress curve--
amely, that the post-competitive vuryve has 2 flatter slope and

n
a iowey “irst-unit coust.  Thy point of immcdiaste intovest an
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Figure 14 is that the two curves may actually intersect. {t
is apparent from the geometry of Figure 14 that the numbev of
units that must be produced heforve the intersectien point
gccurs, if one exists, is dependent on the number of units

<
that hazve been produced before competition is introduced, and
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‘he degree at which the post-competitive curve flattens cut.
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In order to examine parametrically the number of cumulative
units that must be produced before an intersection point might
be expected to occur, it is necessary to derive equations that
could be used to predict the post-competitive progress-curve
slope and intercept.

The procedure used to develop estimators or the post-
competitive progress-curve slope and intercept (first-unit cost)
are a5 follows: A regression equation was derived from the 11!
nost-competitive progress-curve slope data shown in Table 11}
mnder the assumption that a new producer's post-competitive
progress curve starts at unit 1.

Equation (lla) presents the equation that was derived from
the slope data:

L, = O.ZZOL1 - 0.221P - 0.064S + 2.904 x 10 Nl , (1la)

o
1]

5 the post-competitive progress-curve exnonent;
L, = the scle-source progress-curve ciponent,

P = a dummy variable (it is 1 if the post-competitive
curve s for the producer who was the sole-source
producer; otherwise, it is 0},

S = a dummy variable (it is 0 if the comperition was
a winner-take-all; if not, it is 1}, and

N. = the cumulative number of units built uader the
sole-source coptracts.

Lquation (1la) explains 89 percent of the variance in Lz,
with all *he coefficients significant at the .01 level. A
first-order appreoximation of the effect that the aumber of
units built by a sele-source producer has on the estimated
stope of a sc.onrd-source’s progpress curve under the assumption
that the second-source's progress curve sgarts at unit 1 1s
given by the ceefficient on N, in Fquation (1la). While the
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term is statistically significant and shows what we would

expect (thsat the larger N1 is, the flatter the estimated sole-
source progress curve would be--under the assumption that the
curve starts at unit 1), it is not too significant quantitatively,

Equation (11b) presents the equation that was derived from
the *intercept data of Table 12.

Y

L \
F, = 0,833 x F| x P + 0.463 x N; Dx Fp o (11b)
108 L e
‘—u?z-— = 1 - 0.833P - 0.463N1 1, (11lc)
where
F, = the post-competitive progress-curve intercept

(first-unit cost);
F1 = the sole-source progress-curve intercept,
P = a dummy variable (it 1s if the rost-competitive

1
award prolucer was also the sole-source producer;
aotherwise, 0);

&l = the cumulative number of sole-source units produced;
and

I.1 = the sole-sou.wC progress-curve exponent.

fquation (11b), which is a weighted regression with each

3

o

observation weighted by 1/F,”, explains §5 percent of the varia-
ticn in the post-cempetitxv; prograss curve's {irst-unit cost.

it should be noted that because tihe same data were used o derive
Fquations {ila) and (11lb) they are potentially corvelated. How-
ever, their residuals have 2 (orrvejation coefficient of only
0.13. Eguation {llg) is merely Equation {11h) aslgebraicallyr

transformed so that the percentage reduction in the first-unit

cast may be c¢alculated divectly.




G. IMPLICATIONS OF THE CHARACTERIZATION OF THE POST-

COMPETITIVE COST CURVE

Returning to Figure 14, let us examine the implications of
the post-competitive progress curve's having s lower intercept
and a2 flatter slope. The flattening out of the post-competitive
progress curve raises the question ol what rapnsns when the
sole-source and competitive curves intersect: Does the competi-
tive curve turn down and foiice the sole-source curve, or does
it remain flat and cross over” If it does cross over, then all
points on the right side of t}- intersection represent higher
prices due to competitinn. The derived regraession equations for
the post-competitive pregress-curve sinpe and intercept can be
used to examine paramctrically for what quantities the intersec-
tion is expected. The mathematics are such that the intersection
point 1is very sensitive to the sole-scurce progress-curve slope
and tc the point at which compet:ition is introdused. Figure 15
shows this relationship. [t can be seen from F' ure 13 that f{or
mcst reprocurement situations the question of whether the two
curves crass over ot merely intersect is academic, sincez the point
¢f intersection occurs at guantities far in excess oi the normal
procurement quantities ¢f major systems. Further, it -hould he
noted that the effect, it any, of starting the nost ompeiitive
progress curves of the second-source producer in our daia base
at unit 1 will bias the estimation of the post-compet. tive
progress-curve slope. The actual slope should be squa. s o3
steeper than the estimated slope. [f the actual slupe i .teeper
than the estimated slope, Figure 15 will understate the point

of iatersection.

Aithough the question of whether the curves merely inter-
sect or Crass aver is academic (ov masl reprocurement situations,
the fact that lhe progress curve does flatten has the following
important implications: (1) there iz 3z lizit to *he amonuynt of
savings from competition, no =matter how jarge the procurement

will be, and 12} savings {(from what would be expected to be paid
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if the sole-source progress :urve were extrapolated), measured

in percentage terms, decrease with each successive tost-
competitive procuremest. It might be noted in passing that the
cost savings from thc second competitive buy averaged one percent
less than the savings achieved on the first competitive buy.

Figure 16 is presented as a sidelight to the analysis.
It shows that hecause of the progress-curve efiects, the posi-
tive effects of 2 continuing dual-source competition may be
diminished for system- with steep progress-curve slopes. When
the competition is split between two cont.act.rs, each producer
will produce fewer units cad be further up on his pregress
curve. The additional coxt that will be incurred by having
two producers prcduce a combi.ed total of N units, compared
to the cost incurred by a single producer producing the N units,
is shown in Figure 16 7+ ~ functinn of the progress curve and
the proportion of the ....s made by the samaller of the two pro-
ducers. Figure 16 is tased on the assumpticn that both producers
ars e€fficient and follow the same progress curve. Note that
Figure 16 represents ccst and not price. It is possible that
with the pressurc of competition the producers may take 4
lesser profit and reduce their prices. Or, in the absence of

competition, they might not be on as efficient a progress curve.
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Chapter V

PRICES OF MILITARY SYSTEMS COMPARED WITH THQSE OF
SIMILAR COMMERCIAL SYSTEMS

A. INTRODUCTION

There is a commonly expressed belief that military systems
cost considerably more than comparable commercial systems. The
objectives of this chapter are to test this hypothesis and to
quantify the di{ference in price between sim. lar military and
commercial systems.

In making a comparison between prices of military and com-
mercial equipment, we are limited to equipment for which mili-
tary and commercial analogues exist. Furthermore, since mili-
tary and commercial equipment are not identical in performance
characteristics, the comparison has to be limited further to
equipment that car be normalized to a common basis. For non-
combatant a2ircraft, ships, and wheeled vehicles of similar
types, prices« can be normalized on a basis of empty weight and/
or the weight of useful load carried ~,ayload, crew, supplies,
and fuel).

For several important reasons, weight was chosen as the
parameter to normalize the end items being compared. First,
it is an unambiguous measure. Second, empty weight is highly
correlatsd with the amount of material in a vehicle and, hence,
for a particular vehicle type, with the amount of work that
went into its fabrication. Thus, it was felt that for the

Preceding page blank 75
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types of products compared in this study (transport aircraft,
noncombatant snips, and wheeled vehicles) weight vas a good
surrogate for the 'value'" purchased. That weight and price

are highly correlated is borne out by the regression results
that will be presented in subsequent paragraphs, where the unit
weight explains 94 percent and 93 percent of the variation in

unit-price variai:le for transport aircraft and wheeled vehicles,
respectively.

Some readers may feel that, despite the high correlation
between price and weight for the products comparcd, the products
should be compared on a perfcrmance basis, since weight does
not tell the complete story. The problem with compariag products
on a performance basis is “hat performance is multidimensional.
In the case of cargo ships and--to a lesser extent--in the case
of transport aircraft, there is a single predominant performance
parameter, which is the useful load-carrying capacity of the
vehicle. Therefore, in the case of cargo ships, we have made
the price comparison on a per-pound basis of useful load-carrying
capacity. In the case of aircraft, we have made two comparisons:
one on a per-pound basis of useful load-carrying capacity, and
the other on a per-pound basis of vehicle empty weight. In the
case of trucks, there is no one predominant performance char-
acteristic (e.g., two trucks with the sams payload rating might
operate over a wide range of terrains and have different horse-
power, different numbers of drive wheels, different degrees of
ruggedness, etc.). To attempt to develop a technique that could
normalize for all the dimensions of performance with the available
data would be impossible, and ai ttempt to account for only
some of the performance measures would be subjective and not
likely to result in price-predictive equations with properties
superior to the regression equations that were derived by use
of vehicle weight. Of course, in the case of trucks, comparing
military ana commercial prices on a weight basis begs the question
of whether (for a given payload) military vehicles weigh more
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than commercial vehicles, Heavier vehicles for a given payload
may be correlated with the ruggedness of the vehicles. If the
military are requiring their vehicles to meet a harsher environ-
ment, then the higher military weight and correspondingly
higher price are probably due more to performance specifica-
tiecns than to other procurement practices.

Complicating the comparisons is our inability to obtain
commercial cost data, as well as the different relationships
between cost and price that generally occur is the civilian and
defense marketplaces, In most major military procurements (and
aircraft in particular), there is generally a direct correlation
between marginal cost and marginal price, while with commercial
procurement practices in those industries that manufacture
vehicles the prices fend to be fixed over large production
quantities, even though the marginal production costs may be
falling. For example, the cumulative average price per pound
(in constant dollars) of delivered C-141s was $101 after the
firet 21 and $58 after the first 248, over a seven-year period.
On the other hand, the cumulative average price per pound paid
for delivered DC-8s was $58 for the first 21 and 461 for the
first 5.6, over a 13-year period., The relationship between
cost and price for military aircraft programs is conceptually
illustrated by Figure 17, In commercial programs, the selling
price is approximately constant (in real terms) over an extended
period of the program. Initially, the company loses money
while the selling price does not cover costs; and later the
company makes money when the selling price is greater than costs.
Should the company's profits become excessive, other firms would
be attracted to the market and the prices would eventually be
lowered, in order to maintain the company's competitive advantage.
In the case of a military program, the government usually buys
in yearly increments and pays a price that covers costs and
provides a profit to the company. Because of these differences

‘n pricing practices, it is necessary to compare the revenues
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Figure 17. RELATIVE COSTS AND PRICES FOR COMMERCIAL AND
MILITARY VEHICLE-MANUFACTURING PROGRAMS

that a commercial producer receiv:d for a given product that
has earned a profit and the revenues that a rilitary supplier
received for an analogous product--both normalized on a weight
basis.

8. COMPARISON OF MILITARY Anu COMMERCIAL AIRCRAFT

Military combat aircraft generally have characteristics
not found in commercial aircraft, and it would be difficuit to
compare them with any similar commercial systems. However,
we believe that large military transports are quite similar
to commercial airliners, and we will compare prices for these
two types of aircraft. In order to compare pri es, it will be
necessary to normalize for weight, quantity produced, calendar
time, and the amount of goevernment capital provided to the air-
craft industry for military aircraft production.

Table J-1 (see Appendix J) presents the airframe cost
index used to normalize prices to 1970 dollars,
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As part of one of the defense profitability studies cited
in Appendix I, the General Accounting Office (GAQ) Defense
Industry Profit Study, 1971 [28] presents comparative financial
data cn commercial and DoD sales for 12 aircraft, missile, and
space contracters. This report shows the following profit
figures for DoD and commercial sales by these companies:

Profit as Percent onf-- Commercial DoD
Sales 6.6 4.3
Total Contractor Capital Investment 10.0 12.9

As explained in the following text, Table 12 car be constructed
with these data, assuming an equal sales price of $100 to both
DoD and commercial buyers.

Table 12. COMPARATIVZ FINANCIAL DATA FOR $100 IN SALES,
COMMERCIAL AND DoJ BUYERS

[tem Commercial DoD
Contractor Cost $ 43.40 | $ 95.70
Prefit 6,60 4.30
Seiling Price $100.00 | $100.00
iotal Contractor Capital Inv:stment 66.00 33.30
Total Government Capital Investment 0 32.70
Charge for Government Capital Investment 0 4.69

Note that for equal selling price the commercia: profit is
$6.60, while the DoD profit is $4.30. The amount of total con-
tractor capital investment can be calculated from the profit
figures &s follows:

For commercial: $6.060/.100 = $06.00
Far DoD: $4.30/.129 = $33.30

In the case of commercial business, there is no government
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capital investment; but in the case of DoD business, there is
government capital supplied in the form of progress payments,
cost reimbursement, equipment, and facilities.

If we assume that the same total capital investment is
requived for an equal amount of military or commercial sales,
then the government capital investment must be approximately
$32.70, as shown in Table [2. The total contractor capital
investment incr~ases the seliling price in two ways: the physi-
cal part of the investment (plant and facilities) increases
contractor cost through depreciation, and all the investment
(physical plus working capital) increases profit, sincez a return
must be earned on this investment. The $32.70 of government
capital investment (see Table 12) should also increase price
in these same two ways. In order to calculate depreciation on
government capital investment, one would have to know the portion
represented by plant and facilities and the depreciation sched-
ules for the various plant and facilities items. This informa-
tion is not available to us. In order to make a calculation,
let us assume that half the $32.70 represents plant and facili-
ties and that the average rate of depreciation is § percent per
vear. Depreciation cost would then be 0.5 X $32.70 x 0.08 = $1.31.
If we charese a return on investment {or the government capital
investment equal to that realized on the contractor investment
in commercial sales (10.0 percent), then the return on invest-
ment for the government capital investment is $£3.30. Hence,
the cost to the government must be increased by $1.31 + $3.30,
or 4.6 percent, to account for depreciation and return on in-
vestment of governnent-provided capital.

A) _houvgh commercial programs differ in profitability (and
some have been unprofitable), the aggregate of commercial
programs shows a profit in percent of salcs comparable to that
of DoDh work, according to the figures presented eariier.

In the case of commercial sales, RDTHE costs must be recovered
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in the selling wrice of the aircraft to the airlines over the
life of the program. In the case of milirary programs, the
RDTRE costs are paid for by the government as th#y are incurree.
Hence, a typical military program will have much higher costs

to the buyer (DoD) in the early years than is the case in
commercisl programs, However, by taking the total sales over
the life of these programs, we should capture the RDTEGE costs

as well as the production costs for both. In that way we will
be able to compare total program costs for militarv and com-
merc.al programs.

Where RDTEE costs of military aircraft programs were un-
obtainable, we have estimated KDTEE. This estimate is 30 tiaes
the cumulative average cost of tho first 100 planes. This
estimate was derived from a sample of 12 transport and comba.
aircraft programs for which actual RDTRE figures, production
quantities, and costs were available. To obtain a total pro-
gram cost, we have usea "flyaway costs' as procurement costs
and added this RDTEE estimate. Unless otherwise noted, all
prices are in 1970 dollars.

Another difference in the cosc¢ of military relative to
commercial procurvement may lie in the in-house procurcment cost
of the buyer. There is some cvidence that the number of govern-
ment employces (both civi! service and military) involved in
LoD procurement is considerably greater than the aumber of,
say, airline employees involved in procurement for programs
of similar size. We have not heen able to quantify this
difference and have not included any such differences in our

methad of analysis.

Two types of comparison were made of military and com-
mercial aircrayt prices: (1) on a case-by-case basis, in
which individual pairs of military and commercial aircraft

s
were compared; and (2) on an aggregated basis, in which the
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gircraft prices and weights (empty and useful load-carrving
capacity!) were correlated and a statistical test was made to
determine if there were significant differences between the
comuercial and military prices,

-

i, Individual Comparisons

The following is a single case to illustrate the case-study
methodology. Note that comparisons are made on bases of air-
craft empty weight and aircraft useful load-carrying capacity,

a. Case Study: (C-141 Versus DC-8

The DC-8 was developed by Douglas and powered by {our
Pratt and Whitney jet engines. The C-141 was proaduced by
Lockheed and was powered by the same basic engine as tne DC-8.
Both were four-engined subsonic transports of apyroximately the
same empty weight.

Table 13 presents data for the DC-8. Note that the total
program consisted of 556 aircraft delivered over tue ld-year
period 1959-72. Sales prices are shown in both current
dollars and in 1979 dollars. Total empty weight delivered was
75,310,000 pounds (the total useful load-carrying capacity of
the airplanes was 96,742,000 poundsj, ond total receipts from
flyaway sales prices to the airlines were $4.6 bitiion in 1970
dollars--for a price per pound to the sirlines of §61.08 on an
empty-weight basis f{and $38.79 per pound on a basis of useful

load -carrying capacity).

‘Useful lead-carrving capaciry iz calculated as the difference
hetween aircraft maximum takcoft weight andl aircraft empty
weight. As such, it includes the pavlead, fuel, crew, and
any specialized pavload-han ling equipment that i3 peculiarv
to the pavload ard not the sircra’t.  Because payload and
range are sc¢ interrelated, it is nat practical te specify
payloas hy itselfl.
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Table 14 presents C-141A program cost data. The current-
vear dollar figures have been converted to 1970 dollers by the
cost index of Table J-1 (see Appendix J). Note that total
RDT&E cost was approximately $203 million. A total of 284 air-
planes was built; the unit ilyaway costs for each year's buy
are shown in Table 14. Flyaway costs were conver.ed to a
cumulative average basis and plotted in Figure 18. A trend
line was fitted through the points. To normalize the C-141A
program prices with the DC-8 program for number of aircraft
built, it is estimated frem Figure 18 that the C-141A cumula-
tive average cost would have been $6.8 million if production
had been continued to a total of 556 aircrafrt.

Table 14. £-141A TROGRAM COSTS

Unit
Flyaway
RDT&E Cost
{million (rillion
Yeor 1970 %) fluartity 1370 §)
1961 0.13 5 ! 17.70
1982 88.27 !
1963 83.95 16 i 12.38
1964 12.41 45 } 7.46
1965 12.25% 84 [ 9.46
1966 5.03 1¢0 g 5.85
1567 -- 34 % 6.33
1968 A - ; --
Total 203.25 284 L‘

In Table 14, it was assumed that the 1961 and 1961 RDT&E
funds were used to praduce the five aircraft paid for with
RDTEE funding. Hence, the RDT&E funding not reflected in

aircraft flyaway costs was the total RDTSE funding for 19e3
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through 1968, or $114.85 million. C-141A total cost in millions
of 1970 dollars for a program ~f 556 aircraft would have been
as follows:

RDT&E $ 115
Aircraft Flyaway (556 x 6.8) 3,781
£3,896

To account for government-provided capital, the price paid to
Lockhecd should be increased by 4.6 pevcent--for a resulting
$4,675 million.

The empty weight of the C-141A was 134,203 pounds with
a useful load-carrying capacity of 188,890 pounds. Hence, totcl
empty weight for 556 aircraft would have been 74,616,868 pounds,
and thc average price per pound of empty weight would have been
$54.61. Likewise, the total useful lozd-carrying capacity for
556 C-141s would have been 105,025,000 pounds. and the average price
per pound of useful load-carrying capacity would have bheen $38.79.

The ratio of price per pound for the C-141A versus the DC-8
was $54.61/$61.08 = 0.89. Similarly, the ratio of price per pound
of useful load-carrying capacity for the C-141A versus the DC-8
was $38.79/$47.53 = 0.82. The higher price per pound for the
DC-8 was probably due to the fact that there were eight models
and many airline custeomers. The stretched DC-8-60 series, in
particular, was quite different from the earlier DC-8 models.

On the other hand, only one model of the C-141 was built; and
all were delivered to a single customer, the U.S. Air Force.
Nevertheless, the analysis above indicates that in tke C-141A
program the Air Force obtained airplanes at a price competitive
with prices of comparable aircraft in the commercial worid.

b. Other Aircraft Comparisons

Table 15 presents the results for all the aircraft-pair
comparisons. The method for making the pair compariscns

30
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. wWas’ 31mﬂlar to the comparison of tie C- 143A and the DC 8. (The

detavled analvses may be found in Append’t J.)

Table 15 shows the comparisons made on bases of both
dollars per pound of empty weight and dollars per pound of
useful load- -carrying capacity between the other! pairs of
commercial and military aircraft normalized using progress
curves to the number of commercial aircraft actually built
In the case of the 747, which is still being built, we extrapo-
lated to a quantity of 556, which was the number of DC-8s buily,
The pairs are all of essentially the same technology, and they
are grouped by engine type. Normalized price ratios on a hasis
of dollars per pound (both empty weight and useful Idad-carrying
capacity) were ‘developed. The ratios are the military price
divided by the commercial price. 'f the ratio is more than i.CO,
then the militavry a.rplane on a per-pound bacsis cost more than
the commercial plane; if it was less than 1.20, then the com-
mercial price was higher.

The C-119 was individually compaved with the Ccvair
series, Constellation series, DC-&, and DC-7; and the four
derived price ratios were arithmeticaliy averaged. This average
indicated taat the C-11% cost 10 percent less than these civilian
aircraft. Similar comparisons were made for the C-123 and C-124.
In the case of the Flectra, where Lockheed lost $127 million,
this amwount was added to the Locthewed cost.

As can be seen from fable 15, the average of the eight
pair comparisons is £.99 on an ompty-weight basis and 0.83 on
a hasis of useful leoad-csarvying vapacity. One reason that

commercial zircrafy seem to carry less useful load for a given

gapty weight than wmilitary alrcraft do involves the financial
exposure of the manrufacturer to claims arising from commercial

Ythe me*hné far &ak‘ng the efhe. pair compariscns was simila
ty that for malking tihe comparison botween the C-141 and \he
e- 8 {the éotaz’*d Jhal?ses may be tound in Appendix ).
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aircraft operations. The commercial aircraft fly many more hours
over their lives, and the manufacturers are required to give
warranties to the airlines. For example, Boeing warrants the

747 for 10 years or 30,000 tiight-hours. In order to assure the
necessarily greater fatigue life for a commercial transport,

-@s well as to provide protection against commercial warranty
claims, mnst manufacturers design more strength into their
commercial aircraft; hence, for equal empty weight, the aircraft
carry less useful load (or for equal gross weight, the empty
weight of the commercial aircraft may be ereatsr). Admittedly,
the method we used to make the comparisons was quite rough; but
if military costs were much greater than civilian costs, even a
rough measuring technique would detect them. The results cer-
tainly indicated that if differences do exist they are not large.
However, this is rot to say that the military can be satisfied
with the costs. There are 2 number of factors {such as number
of customers, which results in numerous different configurations
and model changes; better commercial warraénties; etc.) that
would tend to inflate vie civilian costs that the military

does not have to contend with.

The B-52/Beeing 707 comparison (shown in Table 15 but pot
included in the averages) was undertuken after it appeared that
there was no difference in normalized price between military
cargo and commercial transperts. The Boeing B-$2 was the
obvious choice of a combat aircraft far the compariscn begausg
of its data availability and its comparahilitv {witk the
Boeing 707) of cruising speed, ¢ruising altitude, period of
praduction, and number produced. A normalized price per pound
of $65.08 was cz.culated for the first 04 of a total of 742
B-32s ulrtimately produced. This compares to a normalized
price per pound of $62.26 for the first 704 Boeing 707s pro-
duced, which results in a militavy price/commercial pnrice
ratio of 1.05. The closeness of the 707 and B-$2 prices is
even more striking in light of the {act that the 8-32 has t.ach
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more avionics equipment than the 707. The B-52 avionics equip-
ment not found on the 707 includes more communication gquipment,
bomb navigation equipment, and ECM equipment--a3l11 o which are
included in the B-52 flyaway price and have high price-to-weight

3 ratios. Further, the B-52 (unlike some of the other military
£§~-’_f aircraft) went through extensive mndel changes, in addition to
£ 3; having the production plant shifted from Seattle to Wichita
S during the production run.

B 2. Aggregated Comparisons

a. Aircraft Enpty-l'eight Basis

%z g A statistical comparison of commercial and military air-
- craft prices was wade, using a broader spectrum of aircraft
than was used in the specific aircraft-pair comparisons. Fig-
ure 19 presents a plot of the aversge price (adjusted to 1970

A dollars) versus the average empty weight of the aircraft for
ﬁ“?'ffz the 30 aircraft used in the comparison. All the average prices
RS of the aircraft shown in Figure 19 are based on the actual num-

: ber of military aircraft built; they include the RDTEE cost and
g‘__”.f have escalated 4.6 percent to adjust for govermment-furnished

5 capital. The average price shown for the BElectra and Convair
880-990 aircrafe include the losses reported for these aircraft
by Lockheed and General Dvnamics, respectively.

A regrossion equation (!2a), which explained 94 pevcent
of the variance in the average price, was fitted to the data
&nd is represented by the solid lines in Figure 19:

C = 0.060 x 0.442° x wh-0384 {12a)

where

C = cumulative average cost (in millions of 1970
dollars);

P » a dummy variable {if the aircraft is pistea, P = i;
otherwise, P = 9}; and
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W = aircraft empty weight (in thousands of pounds).

A1l coefficients of the equation are significan* at the .01
level. While there was a sigrificant diff:rence in prices
between piston and jet aircraft, no significant differences

could be found between military and commercial aircraft prices.
This is visually displayed in rigure 19, where it can be seen
that there is 1 strong correlation between empty weight and price
for both military and commercial aircraft.

It is interesting tc note that the three aircraft that
fall farthest from the regressiom line (the C-5A, C-133, and
KC/C-135; the first two un the high side and the last on the
low side) lie at the two extremes for production quantities.
Only 81 C-SAs and 50 (-133s were built, while 777 KC/C-135s
were huilt. These empirical data are consistent with the
military pricing practice shown in Figure 10, which indicates
that military prices drop as the cumulative quantity of aircraft
increases. A second regression, Equation (i3b), was derived
that used as explanatory vaviables both the average weight
and the quantity of military agircraft built. This second
regression equation (12b), which cxplained 35 percent of the
average price variation, indicated that there were significant
differences between military and commercial price and that the
quantity of military aivcraft producad was significont:

33 9 - b
Cow 0,062 x 5.34M x 0.45¢4F 5 wie033  0.22UEM g,
where

¥ = 3 dummy variable (ii L., zivcraft is military, M = };
otherwise, M = 0); and

N ¢ the cumulative number af aivcraft produced.
Ail coefficients ave significant 3t the .0& level.

The svlution of the second regression eguation {(12bj
indiceted that wmilitary and commercial prices could be expected
to be equsl when 230 military aircraft were produced. if less

9
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than 230 military aircraft were produced, commercial prices
would be expected to be less than military prices; and if more
than 230 military aircraft were produced, commercial prices wonld
be expected to be more. For example, Equation (12b) predicts
that the ratio of average military price to average commercial
price for a given weight and type of aircraft wouid be 1.10 when
150 military planes had been built and 0.90 when 380 military
planes had been produced.

b. Aircraft Useful-lLoad-Carrying-Capacity Basis

The ana.yris was extended by comparing military and com-
mercial aircraft prices on a basis of useful Iload-carrying
capacity rather than empty weight. Figure 20 presents the
average aircraft prices plotted against the sverage useful
load-carrying capacity of the aircraft.

A regression equation f13), which explained 93 percent of
the variance in the average price, was fitted to the data and
is represented by the lines in Figure 20:

C e 0.113 x 0.551° x 0.747M x yw®-903 (13)
whore
C = cumulative average cost (in millioms of 1970
dollars);
P » & dummy variable (if the sircraft is piston, P & 13
otherwise, P = 0},
M » a dummy varisble (if the aircrafi is military,
M = 1; otherwisze, ¥ = (,; and
UW = the useful load-carrying capacity of the aircralt

(in ihousands of pounds).

ALl coefficients of the equation are significant at the .025%
level. As coan be seen from the regression equation. a
"significant” difference was found between the prices of
military and commercial aircraft when compared on & basis of
usefu! load-carrying capacity. The regression equation states
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that the most likely relationship between military and com-
mercial prices is that, on average, military prices will be
26 percent lower than commercial prices. For a 95-percent

confidence band, the true amount that military prices are

lower than commercial prices could range between 8 and 40 per-
cent.

In addition to the regression equation (13) depicted in
Figure 20, another regression equation was derived that had as
an explanatory variable (additional to the explanatory variables
incorprrated in Equation 13) the number of military aircraft
produced. This regression equation, which expliained 95 per-
cent of the variance in the sverage aivcraft price variable
and had all coefficients significant at the .01 level, is
given by

Cw 0.113 x 0.501° x 3.287% x gu0-897 N OB (g

whera N = the curulstive number of aircraft produced, and
other variables arc as defined for Equation (13).

The solution of the regression equation (14) indicated
that military and commevcial prices could be expected 20 be
equal whe. 100 military sircraft wore produced. On a basis
of usefel load-carrying capacity, if less than 100 military
aircraft were produced, commercial prices would be expected
to be leéss than ailitary prices, if more than 100 military
siveeaft were produced, commercisl vyices would be evxpected
to de aore.

Cud
.

Sunmary

This analysis does not support the hypothesis that
military aivcraft prices are higher than similar commercial
sircrait prices. This is not to 3ay the military should be
satisfied with its aircraft prices. There are some factors
that would tomd to incrssse compercial costs ralative to
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military costs. Among them are the greater number of customers
fqr commercial aircraft, resulting in more configuration changes,
more stringent commercial warranties, greater commerc.4l risk,
etc. Accordingly, it is possible that military aircraft should
cost somewhat less than similar commercial aircraft.

C. COMPARISON OF MILITARY AND COMMERCIAL SHIPS

Navy combatant ships have many features and much equipment
not found in commercial ships, and any valid compavison of con-
struction costs of Navy and commercial ships would be most
difficult. Case studies for both the tankers and the roll-on/
roll-off (RO/RO) ships are presented below. They were compared
on a basis of unit price versus useful load-carrying capacity.!

Figure 21 presents a plot of contract price Vversus dead-
weight tons (DWT} for nine different types of commercial and
Military Sealift Command (MSC) tankers 1in the size category of
25,000-120,000 DWT currently undey construction in U.S. ship-
yards. As can be seen from the plot, the price cf the military
tanker lies within the normal commercial price trend for tankers
from 25,000 to 120,000 WY,

We performed a similav analysis for U.5 -bullt commercial
and military RO/RO ships by plotting prices versus weight.
figure 12 indicates that prices of military ROJRQ ships lie
within the norra} range ¥ commercial RQJRO ship prices.

o b - PR -

lbar tankers, the neasvre of useful lead-carrying capacity used
was deadweight tons (DWT), defined as the total » right of
liquid and/or dry carge, aquipment, fuels, <rew equxggent and
provisiens, and potatle water. For ROZRD ships, the measure
of useful loasd-carrying capacity uied was gross tons {epproxi-
mately, the total internal caphoity in cubic feet divided by
160). which indicate the revenue-earning capacity - the shaps.
Two similar but different measures of useful :oad-carvying
capacity were used hecsuse of the form in ¥"ich tge ava§1§bge
data wers found. (Source of the defirnitivn .8, Maritime
Administration, Deeign Charasterietiee {29}.}
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Figure 21. U.S.-BUILT TANKER PRICES

D. COMPARISUN OF MILITARY AND COMMERCIAL WHEELED VEHICLES

In making a compirison of military and compercial wheoled
vehicles, we are again forceu to eliminate all the combat
vehicles, since there are no civilian counterparts. Therefore,
we compared a draad vaage of general-putrpese military and
commeycial trueks., All the military vehicles were vehicles
built to military specifications and wot mervely commercial
off-the-shelf vehicles with paint of snother coler. Figure 13
shows 3 plot of the cost versus the curb weight of the vehicle.
Lurb weight is defined as the weight of the vehicle including
fuel, lubricants, coolant, and on-vehicle material but eacluding
pavlioad and operating persomnel. A regression analysis was rvun
on the data to see whother sigpificant di .erences could he
detected between the military and conmerciai vehicles. The
lines in Figure 23 present the solution of Equation {13},
whick was derived by the regression analysis.
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. Equation (13} is the result of the regression analysis!
S ) 2753
S C e 0,138 x 0.766N x w27 (13)

where

C = the veticle cost {in deollavsi.
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S M« o dummy variable (it is 1 for milizgry vehicises,
R 0 for civiliaan vehiclesi; sod

W » the woight of ths vehicle ik pounds).

All roefficients are signifiLant at the .31 level,
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Note that a significant di’ference was found between
military and commercial vehiclee. On average for a given
weight vehicle, the military prices were 24 percent lower than
the commercial prices. These data are consistent with data
obtained in a 1970 U.S. Army study [30] that is presented in
Table 16. Of special interest is the fact that tracked vehicles
were included in the Army cest comparisos and that, on a per-
pound basis, the standard milicary average list prices are
23 percent lower than prices paid for standard commercial vehicles.,
Note that Table 16 shows that the price of air mobile equipment is
significantly more expensive than botk commercial equipment and
standard military equipment. This result is nrot tos surprising,
since extra expenses are included in making air mobile vehicles
lighter than standard vehicles. These extra costs, together
with the lighter weight, not surprisingly result in significantly
higher dollavs-per-pomid figures for air m~bile veh.cies.

Again, there are some reasons why the commercial prices
seem higher. The commercial prices are the manufacturer’s
suggosted prices, while the military prices are tiose actually
paid by the military. There are undoubtedly discounts! that
would tond to reduce or eliminate the 23-24 percent price
difference found. However, it would certainly appear thac
standard military vehiclas or & per-pound basis are not sige
nificantly more expeasive thaan commervcial wvehicles.

As was mentioned eariier, the analysis excludes the ques-
tion: For a given performasnce or payiosd, do the military and

I he Wheels study [31]--Office, Chief of Staff, U.S. Army,
Speeial Analysic of Wheeled Vuhicles (Whealal), Praae II Prporé--
estimated that the Arrv wher buying commercial trucks vould
receive a 25-percent discount from the manvfacturer's iist

orice {Annex E to Part B of Vol. Y1, Pugust 3%72). Telephone
conversation with 8 repressntstive of Ford Motor Company [32)
indicated that Ford sells trucks to the Foderal Government

a2t 2 price that is $200-8230 per truck less thi - Ford ch.rges
its dealers. Uocaler mgrsup is spproximately 20 perceatl.
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commercial trucks weigh and cost the same? - The Wheels study [31],
which attempted to identify commercial trucks that could be used
as military equlvalents, shads some llght on the question. Rec-
ognizing that mxl:tary vehicles are des igned for a degree of
mobility that would be experienced onl, in-a front line combat
~situation (a situation tbat many vehicles wxll never experience
while doing their 3551gned missions), the Wheels study set out
" to identify commercial trucks that could be used as substitutes
for military trucks that would never be expected: to be in fronr-
line combat situations. Pavagraph V.3.b.1 of Annex D to Part B
_of Volume 11 of the Phase II Report (which dis cusses ‘the rationale
‘for selection of the candidate commercial trucxs) 1s of partlcular
relevance:
- Commercial vehicles selected for substitution inteo
~*he military vehicle fleet were configured to the
same GVW as their military counterparts. Inasmuch
as the curb weight (CW) of the commercial vehicle
is, ia most cases, less than the military version,
& greater payloead capacity can be credited to the
compercia’!. However, The cargo velume is essen-
tiall'y the ssme for both and this is considered the
limiting factor. The result is that the Study Group
selected a rugged truck for the commercial candidate
instead o. the lightest pessiblevversion,...
Further, the Fheels study identified six payload Llassa%
in which commerclai trucks aight substitute for military trucks
oh some missions. Table .17 {excerpted, with the exception of
the last column, from the ~kegls study) presents the price
data for general-purposs trucks for which commercial substitutes
were identified. Thera ure severel facters to be considerved in
studyiang Table 17, Fit o, thz prices presented for the com-
wercicl vehinles were discounted (by the #heele study) 2§ per-
cent from the monufactuver's list pricges te account ioy the
discoun? that the military might expoct. Second, militavy
vehicles kave a3 greater mobility capability {in terms of the
terrain thoy can traverse) tham the similar commercial trucks.
Third, many of the cemmercial trucks may have a graater
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Table 17. PRICES OF SELECTED GENERAL-PURPOSE MILITARY
AND CANDIDATE COMMERCIAL~SUBSTITUTE’TRUCKS
T Average
Kilitary
Unit Price/
Payload Hardware Curb Average
Class vrice | Weight?! Commercial
(tons) | Vehicle Designation | {1972 %) | {pounds) | . Price
1/4 | MI5S1AZ, 4x4° 1,207 2,700 '
MIS1AZ, 4x2 2,608 2,700 ,
M1§1A2, 4x8 (derated) | 2,530 2,700 1.3
Commercial, 4x2 2,325 3,540 N
Commercial, 4x3 2,726 31,540
1-i/8 | M715, 8xad 2,788 5,900
N715, &x° 4,184 5,900
Commercial, 4x2 2,866 4,500 1.46
tommercial, 4x4 3,266 4,500 1
2-1/2 | M3sA2¢, 6x6P 10,857 | 13,800 i
M35AZC, 6x4 9,773 | 13,800 ]
Commercial, 4x2 5,817 9,520 1,46 1
Commercial, 4xé 8,318 9.520
: 5 NB13A1, 6x6° 15,379 | 21,840
1 MB13A1, 6x3 13,662 | 21,840 1.18
2 Commercial, 6xé 12,218 | 7.615,
3 5¢ 818, 6x6° 14,980 | 34,930,
3 818, 6xd 13,287 | 3d.93%
= Commercial, Bx4 14,908 | 17,830 0.89
k-, Commercial, 6xd 17,000 | 17,830
. 22-172% | xu7eg, axg® 89,339 | 73,689
£ Commercisl, 8x4 55,100 eo.raal 1.58
{ Commerctal, 8x8 i 60,000 60,738
Average V.27

estimated by sybtracting the payinad from tne gross vehicle
weight, since ynly the latter was pregented in the source.

bstandard

oiiitary vehicle,

CrractOr with 1¢-ton Ad-wheel trafler,
G?ractar with 52.172.%¢0 trailar,

Source:

0¢ftce, Chief of Staff, U.S.Aray, Speeial tualpgia of
Wheeied Vehioles (Wheele), Phase I! Report, Volume 11
]
H

{Auguset

1G5

972, Part B, Anrex E, €nclosures 13-18.




load-carrying capacity than Table 17 indicates, since the
requirement for the commercial vehicles to be considered a
military substitute was that they carry at least as much as the
similar military vehicle. Finaliy, the commercial vehicles
cannot be considered a random sample. Since the object of the
Wheels study was to identify low-cost alternatives, no commer-
cial vehicle would be considered whose cost exceeded that of
the military vehicle for which it was 2oing to substitute. For
that reason, the standard military truck is most expensive in
every payload clasg except the S5-ton tractor. The military
5-ton tractor was considered under-powered; and, hence, the
commercial tractor selucted has significantly more payload
capacity than the military tractor. '

Because the commercial trucks shown in Table 17 were
selected bv the Wheels study in such a way that the commercial
trucks would almost always cost less than the military trucks,
the Wheels data cannot be used to test the hypothesis that
military trucks, on average, cost more than similar commercial
trucks of the same payload class. All that the data from the
Wheals study demonstrate is that there are some specific vom-
mercial trucks that are cheaper than specific military trucks
of the same payload class--and further, that when commercial
suhstitute trucks are selected with the critevion that thoy
must be cheaper then the military trucks tuey will substitute
for, then they are, on average, 27 percent cheaper than the
military c¢rucks.

The yuotation from the Phase I Repor: and the subsequent
discussion (above) would indicate that, for a given pavioad,
wilitary vehicles are heavier than commercial vehicles and,
therctore, (while costing the same or less on a per-pound
basis) may cost more on a payload hasis. However, it should
be pointed out that the weight of the vehicle is correlated
with the ruggedness of the vehicle. Thus, the potentially
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higher military vehicle prices are probably due more to per-
formance requirements than to other procurement practices,

E. COMPARISON OF MILITARY AND COMMERCIAL ELECTRONIC

EQUIPMENT

In the case of electronic products, where the packagiusg
makes up a significant amount of the weight (but is relatively
cheap, compaved to the electronic compounents), it is believed
that weight would not be an appropriate parameter on which to
base comparisons. An attempt was made to identify performance-
related parameters on which to normalize electronic equipment
prices.

An example of the problems encountered in tryiag to make
a comparison between military and commercial prices of :slec-
tronic equipment is illustrated by two inertial navigators:
the LTN-5), used in & number of commercial aircraft; and the
ASN-86, designed for military tactical use. Doth items are
built around zhe same inertial pluatform (the LN-15), have very
similar cemputers, and perform with about the same rate of
error. However, the more costly ASN-BG was designed to meet
more dirficult environmental conditions and to have a complex
interface with othor military equipwent. For example, in the
military version, the aircraft's position could be automatically
updated from the TACAN set. These additional requirenments
impacted throughout the entire system to the point that the
Litton engineers stated that the two equipments were not zt
all comparable and that to make the LTN-51 meei the requlremcats
set for the ASN-86 would mean the complete redesign of the
former and incresse its cost to that of the latter. It quickly
became apparent that, within the limited resources allocated vor
this portion of the study, m2aningful quantitative comparisons
between military and commercial electronic equipasnt could not
be made.

105




T PN AL, SRR VOTLIIR YR R, SRR SN S AT AR RE (TR NI G P WAL ST TSI MR 10 R AT

T e annn L h ot el RS AR L DYV R AN O ol NSNS RS

REFERENCES

[l Perspective on Experiesze, Boston Consulting Group, Inc.,
Boston, 1972.

{¢1 {(Reference number not used.)

[3]1 Defense Contract Audit Manual, Defense Contract Audit
Agency, DCAAM 7640.1, Appendix K (July 1965; Revision 51,
February 1971).

(4] Relatiomehip for Determining the Optimum Ezpansibility of
the Elements of a Peacetime Aircoraft Procurement Program,
Stanford Research Institute, prepared for Air Materiel
Command, USAF, 31 December 1949.

[S] Coat-Quantity Relationahips in the Airframe Imdustry,
RAND Corporation, R-291, 1 July 1956.

[6) Kelighility of Frogrens Curves in Airframe Production,
USAF Project Rand Research Memovandum, RAND Corporation,
RM-260-1, ASTIA Dacument Number ATI 210621, revised
? February 1950.

7] Adioraft Learming Curvsa, Cost Infoymation Reports, Naval
All Systems Command, AIRSOLll, June 1869.
{8] T. P. Wright, “Factors Affecting the Cost of Airframes,”

Journal of Aarornaqutieal Safanmeces, 11 (February 1930),
122-118.

{9] Armen Al hian, "Costs and Outputs," The dllceatien of
Eooromia Resourveqa, Bdited by Moses Abramovit: et al.,
Stanford Uaiversity Press, 19312,

[10] Jack Hirschisifer, "The Firvg's Cost Function: A Sugcess-
ful Reconstruccioal™ Jourmal of Jusinese, XXV (July 1962),
238-355.

{11] walter 0i, ™The Neoclassical Feundations of Progress Func-
tions,” Foomgwio Journasi, LXXVII (September 1967), 579-8568.

Preceding page blak 107




B oo R LA B S SOt RS LD £ £ G G LU A TERTRE ST MY AL TN A A PG TR R IO S S AN A Ty

[12] Kenneth Arrow, "The Economic Implications of Leurning by
?g;ngag Review of Eoonomic Studies, XXIX, lxxx (June 1962),

(13] R. W. Conway and A. Schultz, "The Manufacturing Progress
Function," Journal of Induetrial Enginecering, X, i
(January-February 1959), 39-54.

{14] Coet Eetimating Relationahips for Safeguard Air Vehicles,
Planning Resea.ch Corporation, November 1970.

[15] Fire Control Radar and Ainborwme Computer Cost Prediciion
Based on Technical Parameters, Air Force Avionics lLaocora-
tory, 1973,

{16] Coet Evaluation and Coat Estimating for Shiphb zrd Elec-
tronio Fquipment, ARINC Research Corporation, April 1967,

[17] Cost-Estimating Relationahips for Aireraft Airframes,
RAND Report R-761-PR, February 1972, FOR OFFICIAL USE ONLY.

[18) Coat and Performance cf Airborne Navigation Syetems,
Institute for Defense Analyses, R-181, December 1971.

[19] A. A. Walters, "Production and Cost Functions: An Econo-
metric Survey,'" EBaonometrica, aXXI, 1-ii (January-April
1963), 1-66,

[20] Paul A. Samuelson, Chapters 23-24, Economice: A4» Intro-
ductory 4dnalyeie, 7th ed., Mchiraw-Hill, New York, 1967.

(21] Souree Book of Worid War [i Basic Date; Vel., I: Airframe
Industry, AAF Materiel Command, Wright Fileld, undated.

{22} W. Z. Hirsch, "Manufacturing Process Functions," Review
af Beonomiga and Statisties, XXXIV (1982), 143-155; "Firm
Progress Ratios," Foeaomedrisa. XXIV (1956), 1i6-1435.

(23] Lee E. Preston and E. C. Keacpie, "Cost Funotions and
Frogress Functions: An Integration,” Amaersean foonomie
Rovtew, LIV (March-May 1964), 100-108,

[24]) #rojeas BACKFILL, Aeronautical Systems Division, Wyright-
Patterson AFB.

George §. Schaivrer, "the Rnle of Competition in Aevo-
rautics,”" Fifty-Seventh Wilbur and Orville Wright Memorial
Lecture, Aderomgwitonl Journal 27 the Royal Leronautwvea.
Somiaty, LXXIIT {March 1969), 195-207.

-
()
(V4]

P

iG8




[26]

[27]

[28)
129]

[30]

(31}
(32]
(33]
[34]
(35]

(38}

-y
nh
o

b

{39]

(40]

Rober? Schlaifer, "Development of Aircraft Zngines,"
Division of Research, Graduate School of Business Admini-
stration, Harvard University, 1850,

Hgarings before the Subcommittee on Federal Procurement
and Regulation of The Joint Boomomie Cummittee, Congress
of the United States, 89th (ongress, z4 January 1956,

(GAOQ) Defense Industry Profit Ftudy, Comptroller General
of the United States, B-159896, March 1971.

‘Desgign Charaotertatice, U.S. Maritime Administration,

August 1972,

Pilot Imprecved Coet Eatimates (ICE) Phase 2 {April 18702),
FAMECE (Pamily of Military Fngineer ‘onstruction Equip-
ment), U.S. Army Mobility Equipme 't Command Study.

Spectial 4nalysie of Wheelad Vehioles (Wheala), FPhase II
Report, Office, Chief of Staff, U.S. Army, 5 January 1973,

Telephone conversation with a represeutative of the Ford
Motor Company, 19 December 1973.

(Reference number .ot used.)

W. J. Eiteman and G. E. Guthrie, "The Shape of the Avera=~.
Cost Curve," Amerizan Eeomomice Roview, XLIT (1952), 3432
338.

R. L. Hall aad C. J. Hitch, "Price Theory and Businoss
Behaviar," Ozford Fegnomie igpers, [I (19393, 1.

R. A. Lester, "Shoertcomings of Marginal Analysis for Wage-
Employment Problems,” American Feomomte Revisy, XAXVI
(18486), 63-32.

J. 8. Bain, Hapriare to few Cemgetiiion, Cambridge, Mass.,
1956.

F. T. Moore, "Econosies of Scale: GSome Statistical Evi-
dence," Quarteriy Journal of Bcomemiog, LANIIL (18359},
232-245.

Temporary National Econemic Committee, "The¢ Reilative FfFfY-
olensy of Large, Nedium-eised and Small Buginens, ™ Hono-
graph 13, Washington, 1941.

J. M. Rlair, "The Relation Batween Size and Efficiency of

Business,” Review of Foomomice and Statieisaes, XXIV (1§42),

125-135.

106

et T S BT




-2t A A R e K e e e A At LA S R

AR O A S RS RN e s R I R R R 6 A i R S e i

O BN T 1 A § 90 s s e gm0 e g
b - . (41] J. Johnston, Statistical Cost Furnctions, New York, 1960.
. 3 o
; ~4

{42} J. Dean, "Statistical Determination of Costs with Specisl
Reference to Marginal Costs," Studies in Business Admini-
stration, Vol. 7, Chicago, 1936.

[43) J. Dean, "Relation of Cost to Jutput for a Leather Belt
Shop," National Bureau cf Economin Research, Tecknical

L Paper No, 2, 1941.

T}{rlﬁ [44] J. Dean, "Statistical Cost Functions of a Hosiery Mill,"
A Studies in Business Adminigtmation, Vol. 14, Chicago, 1941.
“”L;ﬁé [45]) J. Dean, "Dept. Store Cost Functions," Studies in Mathe~
T matioal Econcmioe and Econometrica, Edited by O. Lange,

E Chicago, 1242, pp. 222-23%4.

zihj E- [46] M. Ezekiel and K. H. Wylie, "Cost Functions for the Steel

F- 3 Industry," Jourial of the dmerican Statistical Asscctation,

XXXVI (1941), 91-99,

(47} T. 0. Yntema, 'Steel Prices, Volume and Costs,” U.S. “teel

Corp. Temporary National Eecnomic Committes Pgpers, 1
(1940), 223-323.

48] K. Ehrke, Die Yrarsewgung in dep lemetindustrie, 1858-1913,
Jena, 1933.

{497 H. Apel, "Marginal Cost Constancy and Its Implications,"
dmgriaan Foonomie Rewigw, XXXVIII (1948), 870-885.

(st} J. A, Nord
X

in, "Note on a Light Plant’s Cost Curves,” Seong-
maErLoa, .

: ]
&
VOLI94TY, 310238

2 .n the Mezal Removal In-

{31] §&. B. Alpert, "Bconomy of S=a
tal Ecengmios, XVII (1839},

dustr“," Joumal of iuduated
) <
1?3‘181‘

&
1
&

132} J. Dean and R. W. James, "The Long-run Behavior ¢f Costs .n
& Chain of Shoo Stoves,” Studies ix Susiresne Rdmenigtradion,
Voi. 15, Chicage, 1841,

apacity in Re-

&

{S5] R. #. Holton, "On the Measurement of Lxcess (g _
1956/7), 43-48.

tailing," Review of ¥oonomio fsudiee, XXIV (

[34] K. S. Llomax, “Cost Curvos for Electricity Generation,”
Zoomomiow, XIX {19352}, 19%-197.

.y
L2
(%2

-t

J. Mc¥Nulty, “Administrative Costs and Scale of Qperations
in the U, Electric Power Indusiry,” Jourmal of miustrial
Fognomeoa, V (1936), 35-43. :

Y.
3.

ileg




£52]

163}

(64]

(6s]

(6]

(67)

i i AT N TR
o PO N SO S A A A S R A A SR T

M. Nerleve, "Return to Scale in Electrizity Supply,"” Stan-
ford Techunical Report 96, 1961.

E. J. Broster, "vVariability of Railway Operating Costs,’

- Eoonomis Jourmal, XLVIII (1938), 674-684.

G. H. Borts, "Production Relations in the Railwey Indusztry,"
Eoonomatrica, XX (1952}, 71-78.

G. H. Borts, "The Estimation of Rail Cost Functions," Econo-
metrica, XXVIII (1960), 108-131.

E. Mans{ield and H. Wein. "Regression Control Charts for
Costs," Applied Statietiss, VII (1958), 48-57.

K. S. Lowmax, '"Cost Curves for Gas Supply,” Aulletin of the
Oxford Inastitute of Stattatics, XIII (1951), 243-74%,

T. K. Gribbin, “"Production Costs in the Gas Industry,”
Oxford BEoonomis Papers, V (1953), 150-208.

Merton J. Peck and Frederick M. Schever, The Weapons Asqui-
oitiona Proseaa: An Economio Analyetis, Division of Research,
Graduate Schocl of Business Administration, Harvard Univer-
sity, 1962,

The DeD~(Contraator Relationmehip, lLogistics Management Insti-
tute, Tack 71-16, November 1873,

A. M. Agapos and Lowell E. Gallaway, "Defense Prafits and
the Renegotiation Board in the Aerospzce Industr/ " Jousnal
of Palittesal Boonamy, LXXVIILI, v (September/October 1970),
109%-11065. ,

Gegrge J. Stigler and Claire Friedland, "Profits ef Defense
Contractors," Ameriougn Seomomic fsview, LXI, iv (Septeaber
1870), 992-694. ' ‘

pouglas R. Bohi, "Profit [arfermance in the Detense Tndus -

tey," Journal of Pelitioal Soomomy, LXXXL, iii {May/June
1973%), "21-724.

Other Referencas

Armed Services Procurenent Regulstioa [ASPR).

Individusl Procursment iotion Repert (DD Foram 350,

Procuremsnt Qecosd Histories of the Army and the Air Fooce.

112




52

e

T

.
LAY 3
N R
k. 7y
. d
g 3
Ee =
i’ i35
i e
.
N
- D
" 2
2 o
3 \
)
‘%
N i

BT acali¥otct S YRR Lo L, A

R BN S AN YT A NI (SR et e 1w

B T AT AR TR TR T TR TR T R S
e M TRAEE TRATY 2 SERER

Ppocurement Hietory and Anzalysis of M-14 Rifle, U.S Army Weapons
Command, AMSWE-PPR-59-01, 28 January 1969,

(LML) Llefense Industry Prof+t Review:
Management Institute, March 1970.

1888 Profit Data, Logistics
Aercspace Faote and Figureas, 1955, 1957, 1960, 1965, 1972.
Aviation Studies (International) Ltd, Offieial Price List, 1958.
Avigtion Week, Vol, 88 (18 March 1968) and Vol. 94 {9 March 1971).

$&ter W. Brocks, The World's Airliners, Putnam and Co., Ltd,
London, 1962,

“1%73 Alrcraft," businsss and Commereial 4ireraft, April 175,

Handbook of Aftwrline Statistics, bureau of Ancounts and Statistics,
Civil Aeronautics Board, 1868,

. Impaot of New Large Jats on the Air Transporteticn System, 1870-73,

Civil Aervonautics Board.

D¥S Marxket intglligence Raport; Civtl Airerafr.

"Airliner Price Indax," Plight Intermational, 10 August 1872,
"World Airliner Cernsus," Riighe Insa?national.VZX October 1971,

Afroraft Typee amd Prices, Lloyd's Aviation lepartment, Loundon,
1970.

Jare's ALl the Narld's aiperaft, 1847, 1349-50, 1850-31, 1953-34,
1957-58, 1958-5%, 1939-¢9, 19¢0-¢1, 1961-6%, 1964-65, 1965-66,
1267-68, 1969.70, 1270-71, 1971-72, 1972-73.

(AFACM) Cost History Dats Bank, Cost and Economi¢ Analysis Divi-
sion, Comptroller of the Air Force.

USAF Standard Atreraft/Wiectie Characterietics {Green Jookl.

Rerchant Nartwes Date Sheete, Maritim~ Adainistration, U,5. Depart-
zént of (ommerce.

February I, 1873, Herehawt Shipbuildin: Report, Shipbuilders
Council of Azerica, Washington, U.C.

112

A S a3

T RS R TR

IR




N

e

Akl

A AT A T RS RS A

P N S LN

ﬁ*x@“"*‘?i PRI TV

APPENDIX A
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Appendix A

TABLE OF REGRESSION RESULTS FOR AIRFRAMES,
SHOWING THE EFFECT OF EXPLANATORY VARIABLES ON UNIT COST

This aprendix incliudes regression results that have !
cumulative output and additional variables that "explain" vari-
ations in cost. These additional variables are lot size,
flattening effect, preoduction rate, and model changes. The 2
resultant regression statistics are listed for czch aircraft, ’
The regressions were hased on data contained in the Cost Infor-
mation Reports (direraft Learming Curves) of the Naval Air
Systems Command {[7]. All variaples except medel "dummies" were
transformed into natural logarithmic form., For the dependent
viriable, we used each lot's man-hours per pound of airfreme.

All coefficients that had absolute t-values greater than 1
were included ia Table A, since they improved the coefficient
of determination (Rz). corrected for degrees of freedow, even
though they might aet Ls -fatistically significant. While the
exact t-value that g ccefficient would have to have to be con-
sidered statistically significanit at the .1 lsvel in a two-
sided test depends on the number of degrees of freedom associ-
ated with the regression equation, a good rule of thumb is that
any coefficient that has an absolute t-value less than 1.3 i3
probably not statistically significant. ‘

As axplained in Chepter 111, Section D, the flattening
effe=t for the AD and the A-4 airuvraft was outained by dividing
the data for osch aivcraft invo two parts (one representiang the
staep part--and (he other, the flat nart--of the progress curve}.

The model change varisble Di is a2 "geometrically lagged
dussy.” It is described in Subsection 1 of Chapter III, Section G.

Al




As can be seen in Table A {(and as noted in Chapter I[II,
Section G.1), for the AD and A-4 aircraft, the dummy variables
associated with model change are not particularly satisfactory
when they are utilized in thec flattened segment of the progress
curve, We would normally expect an increase in price with the
introduction of a model change, with the result that the coef-
ficient associated with the model-change variable should always
be positive. However, in the case of both the AD and the A-4,
we find a negative coefficient associated with one of the model
changes. The reason appears to be that, in the flat range of
observed data, the cumulative-guantity and model-change effects
are so collinesr that the estimated coefficient pertaining to
cumulative quantity is also picking up the influence of model
change, thus overstating the eftect of cumulative quantity or
cost. Therefore, for the segment of the progress curve beyond
the flattening pcints, it is not warranted to consider the
estimates to be structural estimates; and, consequently, no
particular emphasis may be placed in either the magnitude or
the sign of the respective estimated values.
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APPENDIX B8

FIGURES SHOWING RELATIONSHIP BETWEEN
FIRST-UNIT COST AND PROGRESS-CURVE SLOPE
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Appendix B

FIGURES SHOMWING RELATIC!'SHIP BETWEEN
FYRST-UNIT COST AND PROGRESS-CURVE SLOPE

Regression equations were run to determine the correlation
between first-unit cost and slope. Incorporated in this analy-
sis of 78 aircraft are data obtained from Aireraft Learning
Curves, Naval Air Systems Command (June 19269) [7]. The air-
craft are listed in Appendix C and include attack aircrar.
(Figure B-1), bombers (Figure B-2), cargo aircraft (Figure B-3),
helicopters (Figure B-4), trainers (Figure B-5), and fighters
(Figure 6 in the main report).

Each figure in this appendix presents a set oif plots of
progress-curve slopes (in percent) versus first-unit cost, the
fitted regression line, and the regression-line equation. The
results of that equation indicate that first-unit cost and slope
are negatively related (i.e¢., the higher the first-unit cost the
steeper the progress-curve slope--a smaller percentage slope is
steeper). In other words, those programs with a higher inirial
gost have a greater percentage reduction in Cost ds output

increases.
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APPENDIX C

TABLE ILLUSTRATING EXPLANATORY POMWER OF
PROGRESS CURVES OF 78 AIRCRAFT
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Appendix C

TABLE ILLUSTRATING EXPLANATORY POWER OF
PROGRESS CURVES OF 78 AIRCRAFT

This appendix lists the 78 aircraft used for analyses in
Appendix B and Figure 4 of the Executive Summary (or Figure 6
of the full report). The “estimated first-unit costs" and
progress-curve slopes were obtained from Aireraft Learning
Curves [7]. This source derived these progress-curve results
by fitting régression lines through actual cost (in man-hours
per peund) and cumulative out»ut dsta for each system.

Note that there ars some¢ differences between the progress-
‘curve paraumneters and coefficients of determination {for a few
aircraft) shown in Tahles A and C. The reason for the differ-
‘ence is that the progress curves shown in Table A wers derived
from ail the cost-quantity data for a given aircraft, while
the progress curves shown in Table C were Jerived (by ths
authors of Aireraft Learning Curves [7]) by usiang data that
had eliminated 2ll the cost-quantity date associated with
major model changes.

The very high Rz's (coafficients of determination) that
rosulted from this procedure indicats the high explanatory
powar of the progress curves.
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Table C. ITLLUSTRATION OF EXPLANATORY POWER OF PROGRESS CURVES

Estimated 2
First-Unit R :
Plot- Cost (direct | Progress~- | {Coefficient i
Point man-hours Curve of :
Number Aircraft per pound} Slope Determination)
Attaok Airoraft
1 Ad-2, 2P 17.02 81.2 .87
2 [ A-7A 17.67 76.5 .99
3 RA-38B, EA-3B, TA-38 15.08 78.2 .96 :
4 A-1G, A-1E, EA-1E 20.81 78.3 .76
§ A-2A 20.93 73.9 .98
] A-5A 24. 61 77.% .85
7 A-8A, EA-6A, EA-68 25.97 80.6 .99
8 A-3A/A-38 36.07 72.8 .93
9 A-4 SERIES 47.67 75.7 .98
Bombars
1 B-45A, C/RB-45C 11.88 80.0 .82
V4 B-526 12.06 74.5 .99
3 B.80R,0 .5 12.18 78.4 .92
4 B-470,E 13.37 78.0 .97
5 8-354,8,0,F,H,J/RB-368 15.34 78.5 .92
] RB-66C/WB-66D 16.40 n.s3 .98
} 8-57A,8,C.E/RB-S7A 17.44 80.0 .94
8 YB/YRB-ECA £3.43 1.0 .97
Caryo Atrorajt
1 c~1196.\ .F‘G/RQQ“.z §.7% az2.8 .85
2 RC-12107EC-12TK/RC-121R 6.0? 82.8 .97
3 C-1v18,8,0 6,87 a2.1 .78
L RN AL 7.89 18.5 RV
5 C-1244,¢0 8.32 82.2 .n8
£ YC-1224,3,C 11,82 .8 .78
‘1 £-1384,% 14.8% 7.7 BB
i 3 RC-1354 5.2 74.8 .95
9 R3¥-3,2 12,60 81.90 .89
10 C-1334,3 21.32 70.1 .98
LR C-824 an 71.6 .96
12 C-97A, C/KL-97E,F,0 5*.18 82.2 . 88

{contisued on next pege}
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Tadble C. (continued)
r fstivated 2
First-Unit R
Ploe- Cost (direct | Progress- | (Coefficient
Point man-hours Curve of
Number Afrcraft per pound) Slope Determination)
Relioopters
1 04-23D 6.62 88.4 .92
2 NH-41A 8.7% 86.3 .86
3 H-53 SERIES 9.72 g1.8 .95
4 YUH-1D, UH-1D 10.75 9.7 .86
5 H-19 SERIES 11.38 89.3 .78
6 H-34 SERIES 12.75 88.6 91
7 CH-2%B/C, V-42/43/44 14.26 82.4 .85
8 H-47 SERIES 14.43 80.3 .93
9 Ui=-2A 23.07 79.6 .94
10 H-486 SERIES 23,86 7.4 .78
" CH-37A/CH-37C/HR2S-1W 25.59 77.8 .98
12 ] SH-3A/YH-3A/S5-61 21.61 78.5% .94
13 HGSS5-1 32.36 75,1 .90
14 UH-25B/H-254 35.18 82.5 .84
15 TH-43E 40,48 8g.3 )
16 OH-430, UR-43C, NE-43A 70.2¢4 £69.8 .19
Trainere
1 T-35A .19 88.$% .38
2 T-29A,8,C,0 6.70 80.2 3
3 Y-28,C .53 88.1 .93
L} T-34A4,8 10.24 a1.2 .BY
L3 T-28A 12.30 80.0 .97
8 171024 13.45 g2.9 .90
? T-14 18.04 4.4 .98
8 T-24 23.18 72.8 .98
8 T-384 24.13 75.9 .97
19 T-37A.8 29.4b 7.5 .99
1 lr-3eA.8 - 43,76 65.8 .99

€-3

{conciuded on next page)
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Table C. (concluded)

Estimated 2
First-Untt R
Plot- Cost (dfirect| Progress-| (Coefficient
Point mgh-hours Curve of
Number Afrcraft per pound) Slepe Determination)
Pightera
1 F~89A,B,C,D,H 12.31 84.6 .69
2 F-4u-5H 13.59 78.2 .90
3 F-86¢ 14.36 80.5 .98
4 F-100C,D 18.18 75.0 .86
S F-94C 18,48 76.5 .98
6 F-1018 20.51 9.3 .99
? F-105D 21.9 86.0 .99
8 F-104A,C 22.38 78.7 .95
g | F-YE/AF-1E 23.06 71.9 .99
10 F2H-1,2,2K,2P 27.66 76.6 .95
11 F-8A,C,D 27.90 ' 77.5 98
12 F-80A,8,C 28.13 74.4 .86
12 F-10A/8 28.89 74.2 .92
14 Fd-2 34,45 n.z 98
15 F-38/MF-38,F-3C ,F-3H-1 35.08 74.6 59
16 F-4 SERIES 35.38 8.7 .93
17 FH-1 Js.68 74.5% .98
18 XFPU-1/F7U-1,3,38,3P 18.17 74.5% .88
19 | F-106A .27 | . .94
20 F-102A 33.09 6.3 .98
PR RF-84F 40.12 72.8 .98
22 -84 61.290 4.2 .98
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APPENDIX O

TABLES SUMMARIZING EMPIRICAL STUDIES OF
RELATIONSHIP BETWEEN PRODUCTION RATE AND UNIT COST
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Appendix N
TABLES SUMMARIZING EMPIRICAL STUDIES OF
RELATIONSHIP BETWEEN PRODUCTION RATE AND UNIT COST
This appendix presents a list of empirical studies don=z
on cost curves. Extracted from a survey article by Walters
[19] in Feonometrica (1963), the tables illustrate results
obtained in measuring the effect of production rate on cost
when no progress-curve effects are explicitly taken into account.
The tables present the relationship botween cost and production
iate when time series, cross section, engineering, and survey
data were used. These tabies indicate that an increase in the
production rate may 2ither reduce, leave unaffected, or increase
unit cost. The interpretation of these vesults in terms of a
U-shaped cost curve is given hy Appendix E.
Tasle D-t. RESULTS OF STUUTES OF COST CURVES, GENERAL INDUSTRY STUDIES'
] Typa
Refer- iuthorfs) of T4 ae
ence {Year) Indus'ry Rata | Pertge Rbsult
zlk] Eiteman and l Manufacruring | Q s Havqinzi zo3t delow average
Guthrio (19052) cost at all oytpu’s bhelow
! *capectey.”
(351 [ary and Wiven 5Manu¢-c::uirq 0 S I Majority mave margingt cost
{1959) { dazreaving.
[38] jlester (V19i8) ’Nae\uucturt’ng 2 3 Dezreasing average virtable
caxt o capantte.
£33 [gRats 1336} Ranyfacturing & o L Seyt) ccuenies af icale af
wutliplert fiemy,
{318 |Moare {19%9) MNanufpotuyrteg | 1 4 frononies of scale semerally
B t.8 . E.o. 1194 | {¢artpys tn- <s Iy SoHatl er =adtym-ston plants
dystetes) usue'ry have tawest costs.
Blave 7937 Lap) draws gif.
_L » N N fereat ?3ﬁilﬁf'"°‘ "
.Q « uestioangfre; £ ~ enjlnenring d9¥3; £5 » grosy sectiar; L * laeg-run, and
S o2 ghyrt-run, i .
D-1
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Table 0-2. RESULTS OF STUDIES OF COST CURVES, INODUSTRY STUDIES

! Type
Refer- Author{s) of Time :
ence {Year) Industry Data ! Perins Result .
[41] |Johnston (1960) | Multiple 15 S "Direct” cost 1s linearly re-
product lated to output. Marginal
cost constant,
(42] Dean (1936) Furniture T$ $ Marginal rost constant.
Short-run average cost
"failed to rise.”
[43] |Uean (1941) Leather belts | TS 5 Significantly increasing mar-
9insl cast. Rejected by
Dear.
[44]) {Dean (1341) Hostery TS s Marginal cost constnat.
Short-run average cost
"failed to rise."
[45] |Dean (1342) Department s { § Marginal cost declining or
stare constant.
[46) [Ezekiel and Steel TS S ¥arginal cost declining, but
Wylie (1947) large standard errors.
(47] |¥ntama {1940) Steel TS S Marginal cost constant.
{48] |Enrka (1933) Cement 15 G Fhrrke interprets as constant
marginal cost. Apel {1948)
{49} argues that marqginal
cost is increasing.
[s0] |[Nordin {1941} Light plant Ts S Harginal cost increasing.
{511 |Alpert {1959) Metal L L Econgmies of scale to 80,000
pounds per month, thea con-
i stant raturas,
{52] |Cean and James | Sho2 stores s 8 Leng-range average cast is U.
{1942) | shaped {finterprated as rot
\ dye to diseconomies of
! ; scale).
(53] Hgltan (1856} Retsiling £ { L Long-range average ¢psn ts L-
{Puseto Rica) | shaped. Byt Holton argues
that tnputs oY managempnt may
be undervaluysd 2t Nigh out-
o auti.

.
TS » tire sertevy € » engineering dalai €3 = cross tection; § + shortryn; and
L+ longerurn,
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Table D-3. RESULTS OF STUDIES OF ¢OST CURVES, PUBLIC UTILITIES

Typa
Refar- Author(s) of Time
ence {Year) Industry Data| Perfod Result
fleoctricity
(411 | Johnston (1960)] U.K. TS S Short-run average cost fall-
[ | ing, then flattening with a
: i tendency toward constant mar- i’
\ gfrnal cost ur to capacity.
! (547 | Lomax {1952) U.K. s L .y Long~-range average cost of
: . ‘I production diclining (no
. analysis of distribution).
(43] | Johnston (1960)! U.K. cs L | Long-range average cost of
- production declining (no
) 3nalysis of distripution).
[55] | McNulty {1558) | u.S.A. cS L Average costs of administra-
-1 tion vemstant, -

[56) | Nertaove (196%1) | U.S.A. s ¢ Long-range aveorage cost {s«-
cluding transmissicn costs)
declining, then showing signs

! ;of fncreasing.
, f
Ratluaya
(57) | Brester (1938) PULK. T8 5 Operating cost per unit of
! oytnyt f21ling.
[s8] | sorts {1952} | U.S.A. Cs L Long-range avsragz cost
{ either constant or falling.
[239) | Borts (1960) D ULSLA. {s I L Long-renge average ctost fn-
! i ; sreasing in East, decreasting
| i tn South and wNest.
[60] | Mansfield any
D Metn (1954) u.x. £ 1 L Marginal cost censtant,
! !
! Orher { |
{
v [41) | lohnston {1980); Road paisemger | Ty S ! inore-run avergge cost de-
1ransgor! greasing.
i {U.X.
[ C81] : Lomax (1951) fas (U.X.) 141 L} Long-range average cost of
] ; I praductten dectining {no
i i ! i canglynts of distrethytian),
[ [62] ! Griddta {1953} i Gas {U.K.) £s L Leng-rance average cost of
; ! ; ' production decliaing (no
; i ‘ ; amalyets of distridutios).
P LO] | Jenaston (198007 Caat (U} [C3 § L i uide dfsperstos of zosts sar
i  ron.
£43) | Jomnsu. (1950); koam nessenger i €S L Lorg-range average <ot {
P tegesnort i Pefther falling or 2omslant. g
l . {u.x.) ‘ ~ i ;
Ve Johastoa (1960} Life Assuremce | L8 L | Leng-range average cost de-
i : Ziintng. {
Bt e mmria . L e o et mt e 3 b AL S > s e B ne b et Mo an R LB e ine o bt e et ¢ LasasymAid

L 3
TS » tive terfes: U3 » crots seciion. &t » ongices-tag data; § » shortl-rum: and
L = lomgoryn,

D-3
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SIMPLIFIED THEORETICAL DISCUSSION 0% RELATIONSHIP QF
PRODUCTION RATE, PROGRESS CURVES, AND UNIT COST
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Appendix E

SIMPLIFIED THEORETICAL DISCUSSION OF RELATIONSHIP OF
PRODUCTION RATE, PROGRESS CURVES, AND UNIT COST

It is useful to present a simplified theoretical structure
that relates production rate to unit cost. This theoretical
R framework is ronsistent with that of standard economic texts.
RS It will be demonstrated that this theoretical structure leads to
g 4 U-shaped rclationship between unit cost and production rate.

A U-shaped cost curve explains empirical results that sometimes
show an increase and sometimes show a decrease in unit cost as
production rate is increased. A brief and simplified integra-
tion eof cost curves and prusress curves also is presented in
this appendix.

First, let us postulate a simple production function with
constant returns to scale. A production function relates the
rate of output to the amount of labor and capital used in a
given time periog. "Constant returns te scale" means that if
labor and cupital are doubled, then the rate of output is
doubled. We use constant returns to scale te simplify the dis-
cussion of the theoretical velatisonship between production rate
and cost. The qualitative results that will be presented for
constant returns o scale also apply to decreasing or (mederately)
increasing returns to scale.

We will use a Cobb-Douglas production function {(CDPF}--i.e.,

¥ - aL%® (a>0,8:0,a8=1) , {E-1)

- S

b S e g 0 R A e gt NI b e D Tt G S oS

e s v S e AT RPN (L R WD ST,

s oA Y KRR




i

R L TR

Ay

~ = quantity produced per unit of time;

L = units of labor input (i.e., index number of
man-hours);

K = units of capital input (i.e., index aumber
of machine-hours); and

A,a,p = constants.

More complex production functions could be prese ‘ted; they would
not change the conclusions we will derive from a CDPF, but they
would complicate the mathematics znd the discussion unnecessarily.
The amount of capital X can be treated as a fixed factor of pro-
duction (i.e., the amount of plaat and equipment available can be
considersd in fixed supply for short periods of time), The

amount of labor, however, can be considered a variable factor of
production (i.e., the amount available to a particular product

can be increased or decreased in a plant within short pericds
of time).

Therefore, we can rewrite the CDPF to reflect these
assumptions:
X = BL%, (E-2)
where B = ag? o constant .
Total cost equals the sum of laber cost and capital cost--
i.e.,
¢ = wh » kK , (E-3)
where
€ = total st
W = wige rate,
L= units of labor input {same L as in Eq. E-1):
k = price of cupital inputs; and
K = units of capital input (same K as in Egq. E-1).
Since capital is here treated as a fixed factor of production,

capital costs are fixed; the total cost equation (E-3) therefore
can be rewritilen as

E-2
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g;fgig : C = wL+F, (E-4)
:’ ; where F = fixed costs = constant. Substituting the rate
é@l_$§ of production X of Equation (i-2) for units of labor imput L in
;g;,%@ Equation (E-4) yielas

NG xe o F (z-5)

"fﬁ Average cost can be derived from Equation (E-5) by dividing both
side, of that equation by the rate of production X:
1
W - -1

4 C = @ .I.:_ ? (E’ﬁ)
4 x 7 et "X

f,iff where % = average cost. For simplicity, we rewrite Equation
.® 3
- 3 (E-6) as

3 C Y . .

E ¢ * Xty v >0), (£-7)
;L;f; where ¢ = —4p-and y = Loy,
175 :
?ijé [{ average cost C/X is plotted agais=t production rate X
f' X using Equation (E-7). then a U-shaped average cost curve
o emerges.
3 -i 170 derive a marginal or unit-cost equation, Equation (§-7)
T needs to bo differentiatea w.th vespact 20 X. The resuliing
S marginral cost equation is

5 3 dg v-l | F
E A ; - ny - -,
R X X

A where %% = marginal or unit cost. Thestretically, the margina!
3 3 {rather than the average) cquation should be used for purpose:
] ] of decision-making. As a practical matter, decisions based on

. average cest usually will be close to those based on marginal
. . 3 G5t

5




The precise shape of the curve, whether it is neariv
symmetrical or skewed to the right or left, depends on the
rumerical values for q, v, and F. There are four obvious con-
clusions that can be drawn from a U-shaped cost curve:

{1) Whether increasing or decreasing the production
rate will lower average cost depends on wheiher
the rate of production is '"too small" or "too
large." Too small or too large a production rute
is only used here in relation to minimum average
(or marginal) cost. '"Too smali' or "too large"
does not imply that a firm is economically inef-
ficient or that it is no® maximizing profit.

(2) An empirical analysis that tries to fit a mono-
tonic relationsanip (e.g., linear, log-linear).
between average cost and production rate across
several models of a product (e.g., models of air-
craft) is most likely not to come up with any
significant relationship between cost and pro-
duction rate {(unless there is a strong systematic
bias towards too low or too high a producticn rate
among models of a product). If a significant rela-
tionship did occur, then a question as to whether
the sample was representative and statistically
unbiased would occur, : :

{3) An empirical analycis that €its a monotonic rela-
tionship (e.g., linear or log-linear) bstween
average cost and production rate for a specific
model in a time-series analysis is not likely to
come up with a significant relationship when the
produrtion rate 15 sometimes "too high" and some-
times '"too low."” ‘

(4) If the rate of production is systematicelly cither
too low or teo tigh for a particular model at
dif{erent points in time, then either a negative
or a positive relationship will show up between
production rate and average (or marginal) cost.

Let us further oxamine Equation (E-7). If we coensider
two plant: “hat have the same A, o, and B parameters but ome
with twicy as much capital as the other, thea what will the
cost curve i the saaller plaat be relative to the larger
plant? '
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For the smaller plant, we will use Equatiom (E-7) to
represent its average cost:

RN U (E-7)

The cost of the plant twice as large would be represented by

£ e x¥ & (E-5)
Figure E represants the average cost curves for smaller

and larger plants. The production rate required to achiev: a
minimum average [or mi:¢inal) cost for the larger plant is
twice that of the smalier plant, Thus, in a procurement pro-
gram that requires smiil cumulative quantities with (probably)
low rates of scheduled delivery, a small plant will achieve
lower zosts than a large plant; conversely, for large curula-
tive quantities with (probably) high rates of scheduled
delivery, a large plant will achieve lower costs than a small
plaat. If there are economies of scale (doubling iabor and
capital more than doubles output) or diseconomies of scale
(doubling labor and capital less than doubles output), thru the
minimum cost will be different for the large plant and the small
plant. -With economies of scale, the theoretical minimum cost
will be lower for the large plant than for the small plant; with
diseconomies of scale, the sonverse is true. These results
hold, provided that the progress-curve parameters are the same
for large and swall plants.

To obtain a progress curve from a production function,
let us assume for simplicity that the amount of both labor and
capital used in a plant remain fixed over time. Furthermors,
iet us sssume that “disembodied" technical progress is gecurring
at a constant rate over time. "Disembodied™ techmical progress
moaits taat the ruate of tachnological Q?QQTQSS that ocours is
independent of the level of laber or capital used. The exist-

E-5
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ence of disembodied techmical progress is consistent with
learning by labor. For example, let
L = &atL, (E-9)

where

{, = the amount of labor-equivalent units (one labor-

equivalent unit produces a constant amount of
output per unit of time);

= the amount of labor ia man-hours per uait of tlme.
=  ¢ime; and
a = gonstant.

For the reader's convenience, we repeat equation (E-2), which is
based on a Cobb-Dougias production function:
X = BLY (E-2)
Equation (E-2) is consistent with Equuticn (E-9) ouly when
B = {ct)?
where ¢ = a constant. But it is precisely the case when
B« (ct)® that disembodied technical progress exists.

E-6
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Cumulative output Y can be obtained from Equation (E-2)
by taking the integral of this equation with respect to time.

aya,2o
Y =fxdt - f(ct)“L“dt =Lt (E-10)

Dividing Equation (E-10) by L and taking the inverse yields

l-a,-~2a
L 2L t
T = —_— (}3-11)
c

The term L/Y is the average cost, in terms of man-hours (per
unit of time) per cumulative unit.

Taking logarithms of both sides of Equs<ioa (E-11) gives

z«n(%,) = L - Zaby (E-12)

3
C
of Equation (E-10) yields

foyl-al
where h = & (?L )= constant, Taking logarithams of both sides

Y = k & 2adt , (E-13)

P A
where &k = @&(w?- = constant.

Since Y is linearly related to t, the term L/Y can be
interpreted as the average cost, in terms of man-hours (per
givea amount of output) per cumulative unit.

Substituting Equation (B-13) for #® in Equation (E-10)

gives

ﬁ'!(%) « L °.:Gﬁ’1¢’t‘ . A (L*ls)

where ¢ = E%%; . Squation (E-14) represants sn ordinsry log-

linear progress curve. This progress curve has been derived

E-7
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directly from a (Cobb-Douglas) production function with disem-
bodied technical progress.
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APPENDIX F

THEGRETICAL EXAMINATION OF
THE PC3T-COGMPETITIVE PROGRESS CURVE




ASPR Profit Weights and Inefficient Production
Description of Profit Weights and Their Use
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Appendix F

THEORETICAL EXAMINATION OF
THE POST-COMPETITIVE PROGRESS CURVE

This appendix attempts to previde a theoretical basis for
the empirical conclusions presented in Chapter IV. It is shownx
that negotiated sole-source procurement contracts, <ven if
executed after a design compeuition, can lead to an inefficient,
and hence more costly, mix of inputs; and that, due to this
inefficiency, subsequent reprocurement of a particular piece
of equipment under competitive conditions may result in the
contract award going to a different supplier. Tnis latter
result can be expected in many cases even after allowing for
the cost advantage that the original supplier cobtains from the
progress-curve efrect.

A. ASPR PROFIT WEIGHTS AND INEFFICIENT PRODUCTION

In this section, the incentives proviaed by the Armed
Services Procurement Regulation (ASPR) for the countractors to
use efficient production methods will be analyzed. Every
negotiated procurement-action vequires some form of price or
cost z2nalysis, and an important part of the price-negotiation
solicies and technigues is the calculation of profits. ASPR
vxplicitly states that "It is the policy of the Dopartment of
Defense to utilize prufit to stimulate efficient contract
perro=mance [and that] the aim of negotiation should be to
employ the profit motive so as to impel effective contract
performance by which overall costs are economic:lly controlled”
13-808.1(a)). MNevertheless, the way prefits are calculated
may indvce a bias and an inefficiency in the use of certain
tactors of preduction. After a brief description of how

F-1
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profits are determined, a thecretical economic analysis of the
incentives toward inefficient resource use will be made.

i. Description of Profit weights and Their Use

ASPR's weighted-guidelines method for establishing prefit
objectives is designed to tailor profits to :we circumstances
of each contract by taking into acceount the cunwractor's costs,
the contractor's assumption of cost risk, his past performance,
and other selected factors. Table F, derived from ASPR 3-808.4,
lists the various profit factors and weight ranges. For the
"Contractor's Input to Total Perfermance,'" the contracting
officer assigns a profit percentage within the designated
weight ranges to each category of contract cost, aud multiplies
the costs by the specific percentages, to arrive at specific
dollar profits. The total dollar profit from all the cost
categories 1is then divided by the total input costs to get the
profit obiective as a percent of total ianput costs. To this
profit objcctive is added the additional percentages that allow
for the "Contractor's Assumption of Contract Cost Risk,"” which
is primavily based on the type of contract to be granted and
the ability of the contractor to pass on increases 1n costs;
“"Record of Contractor's Performance”; "Selected Factors,"
where govermment-provided inpuis would be considered; and
"Special Profit Consideration.” The sum of these percentages
sivgs the total profit objective.

Because the profit objective varies with the specific
procurement, the government hopes (o encnurage goed contractor
performance. Although cost visk and the source 0f the material
and financial resourcas sre quite legitimate factors in deter-
wining an adequate vate of return, the differential welghts
attached to the cost categuries in "Contractor's Input to Tetai

Performance’” can lead to an inefficient combination of inputs.
The use of engineering labor gives profits of 9 to &5 percent
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Table F. ASPR WEIGHTS

%

Profit Factors

CONTRACTOR'S INPLT YO TOTAL PERFORMANCE
Direct Materials
Purchased Parts. . . . . . . . . . . ..
Subcontracted Items. e e
Other Materials. . . . . . . . ..
Engineering Labor. . . . . . . . . . ...
Engineering Overhead . . . . . . . . . ..

Manufacturing Labor. . . . . . . . . « . . . .
Manufacturing Overhead . . . . . . . . . . . .

Ganeral and Administrative Expenses. . .
CONTRACTOR'S ASSUMPTION OF CONTRACY COST RISK.
Type of Contract
Reasonableness of Cost Estimate
Difficuity of Contract Task
RECORD OF CONTRACTOR'S PERFORMANCE .
Small Business Participution
Management
Cost Efficiency
Reltability of Cost Estimates
Valye Engineering Accompiishments
Timely Deliveries
Quality of Product
Inventive and Developmantal Contributicns
Labor Surplus Areg Participation
SELECTED FACTORS . . . ¢ v v < v v v v v o
Source of Resources
Government or Contractor Source of
Financial and Material Resources
Special Aghievement
Other

SPECIAL PROFIT CONSIDERATION..

-
[PV

Weight Ranges
1 to A%
1 to 5%
1 to 4%
9 to 15%
6 to 9%
5 to 9%
4 to 7%
& to 8%
0 to 7%
-2 to +2%
-2 to «2%
1

k.

3
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of thar labor's cost, while use of manufacturing labor yields
profits of 5 to 9 percent of that cost; and purchased parts have
profit weights of only 1 to 4 percent, If the productiocn facili-
ties must be provided by the contractor and chkarges for their
use are recorded in manufacturing overhead, there is a profit
factor of 4 to 7 percent of these amortized costs. In a com-
mercial situati.n, the firm would normally look at the cost of
an input, consider the value of the output that input produccs,
and choose the reiat:ve amounts of all inputs on this basis.

The profit in the commercial situation depends on the overall
costs and the price that buyers are willing to pay, and the
buyers' demand is independent of the method of production. But
when the profit rate depends on the use of specific inputs,

as in negotiated military procurements, the firm has an incen-
wive tc use the inputs with the highest profit weights.

2. Theoretical Analysis

The following discrssion may appear to be excessively
complex, but a careful theoretical discussion of the incentives
facing a firm is needed to indicate how production inefficien-
cies can arise. Since the study has been unable to get data
on production costs that will show the change in costs (rather
than prices; as procurements go from negotiated Yo formally
advertised bidding, the discussion will show why costs theoreti-
caliy should fall. The simple change in incentives from
negotiated contracts with weighted profit guidelines to firm
fixed-price contrasuts with ne governiaent control ovey profits
can lead to a lower-cost preduction method.

Figure F-1 devcribes in graphical terms the deternination
of the Iowsst cost (most efficient) method of preduction. Heve
1ot ¥ be a constant amount of cutput that can be produced with
dgifferent combinations of the inputs {capital X and labor L}.
The curvature of this equal-output iine shoxs diminishing
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Figure F-Y. CHOICE OF MOSY EFFICIENT PRODUCTION METHOD

returns in the use of each input, which means that as the firm
tries to produce Y with less and less capital, larger amounts
of laber will have to be substituted. The choice of wnhich
combination of £ and L to use to produce Y will depend on the
prices of the inputs, and these prices reflect hoth the scar-
city of the inputs and their value in other uses. If the input
prices are assumed to be constant. the vrelative prices of K

and L can be shown by & siraaght line. The nosition of the
line relative to the axes veflects the total money avazilable;
and the slope shows the ratio of prices which in Figuve F-l

is the ratio of the price of labor to the price of capital.

For a given ratio of input prices, the lowest cost combination
of inputs can be determined by the point of tsngency of the
relative-price iine with the equal-output curve. In Figuve F-1,

F-$




this is point A, which will take La uniti of labor and KA

units of capital at a total cost of M. Y can also be produced
for more than M by using other combinations of K and L, but it
cannot be produced for less, given the prices PK and PL for capi-
tal and labor. Therefore, point A shows the most efficient way
of producing the desiric output for the existing relative prices.

Although profit in a simple two-input model is usually
thought of as included in the price of capital, it may be use-
ful (in order to make tne above Jdiscussion compatible with the
weighted -profits method) to think of an additional return, say
to the person providing funds during the production process.
Thus, if the cost M for producing Y is less than the price
offered for ?, there will be a return to these funis. This
profit is maximized by producing at the lowest cost (point A
in Figure F-1), because the price offered is independent of
the method of production.

Incentives providel by the ASPR weighted-profit factors
{Table F, above), however, distort the cost-minimization process.
The government i¢ not :indifferent to the way the constant output
Y is produced but is williag to pay a price that includes a
higher profit rate when a certain input is used. The differen-
tial profit factor weights, say 5 pevcent of the cost c¢f K and
3 percent of the tost of L, change the relalive prices of K and
.. The market pricéj o¥ K and L remain unchanged, hut tne use
of L gives a 4-perceat addittional prefit and L becomes relatively
more prvofitable. Thus, in Figure F-J thare are twe jmportant
ratips hetween capital and lsbor. The line VV' tangent to the
cqual-output curve at point A 1s based on the nmarvket prices
and shows what muyst be paid (o the i{nputs. Any point along
this line corresponds %o a constant iaput cost of M, but ¥
can he obtzined for this cost only if the combinatien of iaputs
at point A is used. In terms of the contribution o profits,
however, a new velative price line W' coemes in. Now the
intercent on the capital axis is {1.0%) aIPK, rather than
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M/PK, and the invercept on the labor axis is (1.0%) M/PL. Here
(1.05)M would be the price including the profit if orly K were
used in the production process; and (1.09)M would be the price
if only L were used in productioa. Since the line WW' shows
the costs plus profits, the combination of inputs to produce Y
must still be determined,

+ v
K L
w :ﬂ_éo.s)ti W' = (_Lg?.)_hi
K L
‘.‘v 1 ]
Y Y :'.-;—A—- Y' :.FM...
\j ¥ L
A = POINT OF ST COST PRODUCTION
:(“ B = POINT OF AL PRODUCTION UNDER
= XA N DIFFERENTIAL PROFIT WEIGHTS
%
= e
o ~
7'5- '0.
- DR x‘; — W
E TR N LABCR

Figure F-2. CHOICE OF INEFFICIEal PRODUCTION RITHOD
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If production decisions are made on the basis of profits,
the inputs will be chosen on the basis of their differential
centributions to profit, as «:11 as on the basis of their market
prices, Tne lowest-cost prodiuction point using these two cri-
teria of price and profit contribution is point &, which is the
po.nt of iangency betwesn Y and the line XX, which, buing
parallel to WW', shows the same contiibutions to profits. But
producing by method B will cost more thaa the M by method A
for the same input prices of PK and PL‘ This inciease in the
budget constraint to M can be shown by a line YY' that passes
through point B (to enable production py this methed) and has
the same slope as VV' (to show the same relative prices of the
inputs;. Thus, when inputs have differential contributions to
prorits, the combination of inputs chossn is less efficient
and costs morz than the most efficient method. 41t. ough the
most efficient method was described earlier as resulting when
the price offered is independent of the costs, an equal-percentage
profit contribution for all laputs weuld also induce the most
efficient produciion method.

So tar vhe increased resource cost fo. using method B
rather than A has been discussed. The goverament, however, is
concerned with the price including profir that 1t aust pay. For
the given profit weignts, the government pays & higher price
for govugn preduced by input-combination B rather than by the
+fficient combiration A. This is both bevause mo.» of the
wove heavily weighted input is used at B {incveas ng the profits)
and because the costs on which the profits ave based ave highsy
at 8.

3

An even mere expensive way of producing ¥ than by method B
could have been chosen, whivh would have used more of the bhesvily
weighted input. But if there is enough competition from other
potential producers even when negotiated praices 4ve requared,
the most efficient {lowest cost) method, for the given incentives,
will ténd to be chosen.
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3. Theory Summarized

To sum up the above necessarily theoretical discussion,
the weighted profit-guidelines of ASPR tend to induce more
expensive methods »2f production and higher proscurement costs,
These higher costs result from the allowance of differential
profit rates depending on the type of input used. Because
market prices of inputs already reflect their scarcity and
value in other uses, production decisions should be based on
the relative prices of the inputs. But firms are assumed to
maximize profits and so base their decisions on the contribu-
‘tions of the inputv to profits., When profits depend on the
type of input used as well as on the cests, the choice of inputs
for production of the desired ontput is biased toward the use
of the inputs with the higher profit weights. This bias or dis-
tortion increases the production costs above the minimum
(efficient) costs of production. 1In addition to the increase
in production costs, the price, including profit, paid by the
government is increased. The increase in price is due both to
the use of inputs with the higher profit weights and to the
higher vverall production costs that profits are based on.

The above theoretical analysis shows that 1f the procure-
ment procedure is a negotiataed, sole-source contract, the ASPR
profit-factor weights will lead to a combingtion of inputs
that represents an input cost in oxcess of the minimum necessary
to produce the same level of output. This will be true even
when theve exists a competition for selection of supplies.
Bafore examining how this result sight becomé an important
factor in determining the winner of a reprocurement award undey
compatitive bidding, it is nccessary %o explore the relationship
botween the unit price charged and the ubderiying cost struc:
ture within the context of a negatively sioped progress curve.
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4. Empirical Indications

In spite of this extensive theoretical discussion of the
ASPR prufit guidelines, it is difficult to show conclusively
that production methods are not efficient and that some costs
are excessively high. And because ihis appendix has argued
that particular costs (those with high profit weights) are
inflated over the general tendency of cost justification, some
evidence of the excessive use of labor is needed. This empiri-
cal work was not done, because of the emphasis of the project
on other aspects of competition, but there is some tentative
evidence provided by other studies. For example, the work by
Peck and Scherer [§3], The Weapone Acquisition Process: 4An
Economic Analysie, reported on a study of the productivity of
engineers in the weapons industry:

The study conciuded that improved utilization of
scientific and engineering manpower would give in-
creased output yields of up to 100 times, the most
likely potential increase being estimated at 10 times.
Reasons for the low indicated productivity inciuded
the use of engineers on routine jobs, assignments of
little or no value, unnecessary duplication of effort,
high turncver (the average survey respondent changed
jobs every 3.3 years), and effort spent on unassigned
projects. The authors cited as underiying causes of
these probiems the difficulty of keeping informed on
technical advances, government duplication of projects,
design competitions, duplication 5y prime contractors
of subcontractors' work, the masa engineering phileoo-
phy twopired by eperciien wnder ~o2f reimburdement con-
traota, and inadequate mansgement. (63, pp. 515-8516;
enphasis added]

A reocent study by the Logistics Mansgeamsnt Institute (LMI)
also veported some ompirical evidence that “cost-basad pricing
leads to exceszsive labor aund higher costs” [gd4, p. 18; see
alge ra. 1%-122] a addition to these perverse incentives

&

yran

rom prises kazdd on costs, LMI alzo reported on the comson
industry view that the work will be spread among the firms in




an industry; this view encourages overbuilding and overstaffing
in order to get future work {64, pp. 15-16].

Thus, the empirical evidence from other studies shows that
the cost-based profit guidelines of ASPR have an impact on
increasing costs. This impact, however, is only one aspect of
several overall incentives within government procurement prac-
tices to increase costs, Nevertheless, the bias induced by the
differential ASPR profit weights has been neglected in previous
discussions of incentives, and this appendix has tried to remedy
the neglect.

B. PRICING POLICIES AND EFFECTIVE COMPETITION
1. Pricing Policies Under ASPR

A potential source of confusion throughout the analysis of
the effects of competitive procurements is the relationship
between the prices charged and the production costs. Fer nego-
tiated and sole-sourcu procurements, some form of price or cost
analysis is required by ASPR; and when the weighted profit guide-
lines are used, there is a strong relationship between costs and
prices, because prices are costs plus the profit obiective.
Therzfore, when manufacturing co:ts follow a negatively sloped
progres: curve, prices of subsequent units will fall as well.
When procurements are formally advertised, however, DoD is not
required to take intoe account the costs and nvofits, since con-
tracts aust be firm fixed-price or fixed-price vith escalation
(ASPR 2-104.1]. Thus, with procurement by formal advertising,
there is no indication that prices closely follew costs; the
relationship will depend owr the pricing pelicy used. There
is alse the general presumption that price competition is
adequate in formally advertised procurement {sece the con-
ditions listed in ASPR 3-8€7.1(d) (1)a], so the following
analysis will assume that commercial, competitive pricing
policies are followed under formaily advertisad procurements.
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2. Description of Commercial and Negotiated Pricing Policies

The usual description of commercial (assumed competitive)
pricing policy is a constant price for a large fixed number of _
uaits. So in Figure F-3, if production costs follow a progress f
curve L, the loss in area A for the early units (due to the :
concstant price) is offset by the profit in area B on the later,
lower-cost units of output. To a certain extent, this pricing
policy is followed in negotiated defense procurements, since on
each buy a total price and an output are set, giving a constant
average price per unit. The important difference between com-
mercial and defense pricing practice anpears to be in how the
quantities are set. In the commercial case, the quantity (QC
\ in Figure F-3) on which a profit is to be made is determined
by the expected sales over an extended period of time. In defense
procurement, however, there is often a series of buys, but if
the curr»nt producer can assume with some reliability in a sole-
source case that he will get the subsequent procurements, the
expected output 1s laryer than called for by the initial con-
tract. Assume in Figure F-3 that QD 1$ the total expected out-
put for the sevies of negotiated procurements. If the first
contract i¢ for a total output of Ql’ the defense pricing pelicy
will set a price Py that will yield a reascnable rate of return
on the costs of that contract. On the next contracts (Q, - Ql)
and (QD . Qz). average prices Pz and PS are sot that earn a
similar profit rate on the ussociated costs. Thus, with this
kind of pricing procedure, there is a cleser relationship
between prices and costs than in the commercial case described
to the left in Figure F-3. Ia both c2ses, however, 4 similar
overall profit rats may be earned. ‘

3. Effective Competition Only on First Buy

The relationship between prices and costs is important in
maintaining effective competition in a sevies of procurements.

12
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Figure F-3. PRICING POLICIES

The maintenance of effective competition when production coasts
are falling as cumulative output increases depends on the size
and number of competitive buys. In a competitive, formally
advertised procurement for a fixed quantity, as long as ail
firms have similar costs, each firm will bid a price allowing
the lowest acceptable profit or a competitive rate of return.
However, if one firm has initial costs much lower than the
other firms, it can yndarbicd the others and still get a greater-
than-competitive profit. Here, competiticn is not effective
in eliminating excess profit. But if this situation is recog-
nized by the procurement officer, there is no longer adequate
price competition accorcding to ASPR {3-307.1(b)(1)b}, and
thero would have to be negotiation of prices rather than for-
mally advertised procurement. Since the low-cost {irm may
retain strong bargaining power, high profits may remain even
with negotiation. ASPR does recognize the difficuley of
eliminating all excess profits and states:

While the public interest requires that excessive

profits be avoided, the ceutrscting officer should

not become so preoccupied with particular elements
of a contractor's estimate of cost and profit that
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the most important consideration, the total price

itself, is distorted or diminished in its signifi-

cance. [ASPR 3-806(b)]

Thus, with initially similar costs, effective competition
can be obtained on the first contract and there will be no excess
profits. But when a subsequent contract is considered, there is
the question of how many competitors there will be. If all firms
faced the same potential progress curve for costs at the first
buy, and if one firm won all (or even the largest part) of the
first contract, then this firm would have a cost advantage on
the later buy because it is farther down its progress curve.

This firm can slightly underbid its competitors, wir the second
contract, and earn more than a competitive profit.

This process can be seen in Figure F-4, where L is the prog-
ress curve faced by all firms, Q1 is the amount of the first
competitive buy, and (QZ - Ql) is the amount of the second buy.
If price P1 1s the average price per unit on the first buy that
just yields a competitive rate of return on the costs of the
first buy, then for an additional equal buy of Q1 (= Q2 - Ql)
the nonproducing firms will charge P1 again to get 3 competitive
return on their costs. (Of course, the second buy does not have
to be the same size as the first; but equal size is assumed, to
simpiify the diagrams and reduce the number of prices to be con-
sidered.) The firm winning the first contract, however, will have
to cover lower costs, shown by the area under curve L between
Ql and QZ‘ Assume that an average price of Pz will give a com-
petitive return on the latter costs. The current producer uan
therefore charge some price Py between P, and P, such that its
nonproducing competitors are just underbid. The excess profits
are then measured by {PM - PZ)€Q3 - Qz). It may look as if there
are two competitive procurements in this example: btut when one
firm gets 11 the fivst bhid and when the firms initially face
similar costs, the winning firm has a cost advantage on the later
buys--allowing it a greater than competitive profit and eliami-
nating ¢ffective corpetition.
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Figure F-4. INEFFECTIVE COMPETITION ON SECOND BUY

4. Effective Competition Over Series of Buys

Still assuming that costs of all firms are initially
similar and that any changc in costs ¢an be predicted and
obtained by all eof them, effective competition over the total
desired output can be maintained even in the ureseace of progress
curves. It can be maintained by eliminaving the cost advantage
that the contiaect winner has on later buys. Before discussing
several ways in which competition can be maintained, it should
be poainted out that the suggestions are based on the assumption
that the producing firm has a cost aavantage. However, if non-
producers can also lower their costs {e.g., through uapradicted
technoiogical changes or by not licemsing the current producer
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to use a certain patent), then effective competition can be

had on more than the first buy; and large procurements will not
be desirable. Thus, the recommendations of this section would
apply more to standardized products with a slowly changing
technology base than to products in a rapidly changing field,

One obvious way to eliminate the cost advantage of the
contract winner is by splitting the output evenly over all firms
with fairly close bids {still assuming that the initial costs
of all firms dare similar). This splitting means, however, that
the total production costs (anl so prices) will be higher than
in a winner-take-all bidding, simplv because costs are assumed
to fall as cumulative output inureases. Since giving bidders
equal shares of the total procurement will maintain effective
competition over a series of buys, profits are not excessive--
but at the cost of excessively high production costs.

Another way of maintaining effective competition is to
cansolidate the series of procurements into one competition.
This method is designed to lower the preduction costs by
having the contracts on a winner-take-gil basis, and it will
be shown that e¢xcess prefits will be eliminated as well, (on-
solidation ot the series of buys c¢an be dome in two ways:

(1) requesting bids on a v nner-take-all basis for QZ (in
Figure F-5), or (2) requesting bids for Ql with the statement
that an additional quantity (Qz - Q) will be bought in the
future. [f the competitive bid is for quantity Qz, then an
average price of P, will be bid, where Py will just give a
competitive rate of return over costs of the whole quantity.
(Py is between prices P, and P,, which as defined earlier for
Figure F-4 just allow ceompetitive veturns on the quantities
Ql snd (Q: . Ql)’ respectively.)

If, however, tne competitive bid is for quantity Ql with
an announced sepsrate procurement of (Q, - QI) later, where
again for simplicity the fwo procuremeats are the sase size,
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Figure F-5. PRICING POLICIES UNDER EFFECTIVE COMPETITION
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On the secory equal-sized buy the nehproducing firms (the losers

on the first competition) will bid P, 1o give  competitive

1
return on their higher costs, s0 this is the maximum that the

winner of the first comnetitien can bid on the sccond buy. Teo
get an overall competitive return, assuming that slightly less
w_  g than Pl will be charged on the secend buy, & price slaightly more
g than P, will be bid on the first buy. The competitive bidding
will reverse the prices, giving compatirive returns--the price
P, on the first bid gives a _ompetitive veiurn on the costs of
tﬂe second quantity, while the price P, o the second hid gives
a competitive teturn on the costs of z&c £irst. Although this
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reversal of the prices bid may appear to be unduly complicated
and to break unnecessarily the tie between costs and prices,
this price pattern is generated by competitive bidding because
of the cost advantage of the wirning firm on the second pro-
curement. If there are other factors involved (e.g., the
bidders feel constrained not to raise the price on the second
procurement and even to lower price somewhat), a different
pattern of prices will result, such as the constant price P3
over the whole ourput, where P3 had been Jdefined to give a
compctitive return on the overall costs.

5. Theory Summearized

The basic points of this section are that (1) the presence
of progress curves generally gives lowest costs when production
is by a single firm, (2) actual production experience gives
a cost advantage over nonproducing firms, and (3) effective
competition requires c¢osts to be fairly close. Therefore, to
have the lowest production costs and to minimize excessive
profits to the contractors, Dol must choose a single producer
but ensure that its entire purchase is effectively competed,
with all bidders facing similar costs, This can be done either
by obtaining biJ» at one time for the total output to be pro-
cured ar by purchasing a series of smaller guantities with an
initial announcement of the total procurement. H{fective com:
petition is not maintained with s serios of mnconnected winner-
take-all competitions, because the winner of the first will
have & cost advantage in the later coapetitions, though this
advantage will not be reflected la the {irst price bad.

This di<cussion has sise shown taast the pricing pelicies
unjer competition can have fittle dirvect yelationship to the
actual costs of productien. Over the relevsnt decision-quantity,
3 competitive returs will be earned. But as Figure ¥-3 has

shown, the price on onc conltract may be more appropriate to the
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costs of another contract than to its own production costs. The
lack of relationship between prices and unit (rather than total)
costs means that the distinction between prices and costs is
particularly important. Progress curves depicting production
costs cannot then be easily derived from orice data for competi-
tive firm fixed-price contracts. Moreover, comparisons of pre-
and post-competitive progress curves from price data nust be
carefully qualified and restricted. Nevertheless, procurement
decisions made on the basis of the total costs (rather than unit
costs) for the total desired quantity will still be correct.

c. SOLE~SQURCE VERSUS COMPETITIVE PROGRESS TURVES AND

PRICE-QUANTITY RELAYIONSHIPS

To compicte this discussion, we need to examine two distinct
questions: (1) whether negotiated or competitive contracts imply
fundamentally different underlying cost progress curves, and
(2) whether as a consequence of pricing practices in successive
competitive procurements what is empirically observed is not the
true cost progress curve but a competitive price-quantity curve.
In what follows we will show (1) that there are scund theoretical
reasons to suppert the existence of a price-quantity curve in the
competitive case that isx flatter than in the sole-source case
{which would explain the ebserved result af & shift in suppliers
at the time ot first reprocyrement under competitive conditions),
and (2} that pricing practsces used in subsequent competitive pro-
curements will lead to the empirical obsevvation of a competirtive
price curve gsven flatter than the competitive-cast Progress curve.
These yuestions will be freated in the order they were vaiseaw,

i. befinition 9f Ctfficient Praductien

The argument' leading to the conclusion that the in:stizl
aupplier has a distinct cost advantage over all potential

1Ser Figure F-%, above.
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competitors on subsequent buys, permitting him to exrtract
excess profits, hinges on some special conditions. It was
explicitly assumed that all producers had the same (or at least
very similar) production costs--specifically by the statement
that all firms faced the same progress curve. In additien, and
of crucial imporcance, an impiic:t assumpt on was made that the
common underlying productior prucess was in fa.t the most effi-
cient one available, whers ef1iclency is defined to mean the
employment of the respective factors of production in such a
mixture as to yield any given output at the least possible cost,
As defined, a relative judgment of efficiency ic made by simul-
taneously considering the contribution to productivity of anv
particular factor and its cost. Section A of this appendix
showed that the ASPR weights might encourage inefficient
production; we wa1t to examine here the resulting outcome
stemming from the use of an inefficien: mode.!

In a negotiated contract far any particu’ r piece aof
equipment, the supplier aust develop rather precise estimates
regarding the quantity and quality of inputs to be usad in
productiocn (e.g., so wany man-hours of engineering labor, so
mnany man-hours of preduction labor, clc.}. These eszimates
then form the basis for hls production vost and, -ast iaportantly,
become an integral part of the procurement contrart. This
contractual relationship also fixez the prodection rocess ia
the sense of prescribing the mix of taputs that wiil) .o uscd
in producing the equipment in question. Once ihe LAput G-
portions ave fixed, the associated progress curve is also fixed,
since the progiess curve ia pecuiiar te the choice of inputs
as well as to the type af cquipment being produced. Though

‘To concentrate the focus of the invquiey, we Wil set aside

r0me impertant questions such ss proprietary patents, inven-
tions znd methodolegies, or, 1 general, those things tha:

may give a distinct technical advantage to0 3 subset of producers.
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sensitive to a complex set of elements, the downward-sloping
progress curve involves a learning phenomenon where an increase
in physical productivity is derived from performing the same
function over and over again. Any input will have embedded
within it a magnitude of latent learning-potential, ranging

say from zero for a simple machine to some large value for an
intelligent but not specially trained human input. ihe degree

of realization of this latent potential will depend on the
peculiarities of the output involved. A complex assembly made

ia turn from complex subassemblies, each with several components,
allows room for a great deal of learned efficiency of technique,
while a simple assembly with indelicate and trivia! subassemblies
does not. Thus, an interaction operates between the inputs and
output and the learning phenomenon, but once the input mix

and output type are fixed so is the structure of the progress
curve.

2. Sole-Source Progress Curve

If we assume that the input mix agreed to in the negotiated
procurement contract is not the most efficient mix possible,
then the contractual progress curve would lie above the progress
curve that would have prevailed under the case of the most
efficient mix. how far above depends on the initial difference
in productivity between the two production schemes fcontractual
and most efficient) and the rate at which learning takes place
within the respeciive schemes as cumulative outpul iaCreases
{(i.92., the slopes of the respoctive progress curves). The
slope of the progress cuive associated with the inefificient
production scheme tay be stesper .han, ths same ., or lass
steep than the slope associated with the efficient scheme, but
(ky definition of efficiency) this progress curve must lie
everywhere ahove the pregress curve of the ef "icient scheme.
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If we superimpose the necessarily higher interceat value
and the observed steeper slope ¢/ the progress cur-e for the
inefficient scheme, we would produce the situation shows in
Figure F-6, where L' and L are the inefficient and efficient
progress cuives, respectively,

I

DOLLARS

R N CUMULATIVE CUTRUL
Figure F-6. PLOT OF EFFICIENT AND INCFFICTENY PROGRELS CURVES

New suppose 8 negotiated comtract is awarded for the
qurntity of curput shown by Q1 to a suppliol with progress
curve L', With no loss of generalitv, we can assume that L and
L' already embady an ordinary relurn over actual outlar. Then
the unit prica that would prevail far this procuvement vould be
Pl, following the arguzent developud varlicy {in the discussion
of Figure F-¢, adove), and full costs would iust ge covered.

On a subsaguent purchase of equal size ({Qg - Ql} - Qzﬁ, the

inefficient {ira would just cover iis cost. and earn sn ordinary
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return by charging price . ,. But if the second purchase was
made after open price-comperition, the firm with progress curve

L could bid a srice P3 and win the competition, still earning
an ordinary return.

If Figure F-6, then, correctly portrays the underlying
progress curves, it is not inconsistent to observe the result
in price-competitive ruccessive buys of the original supplier's
losing the procurement contract. A close examination of Figure
F-& will reveal that it is not permissible to make & statement
stronger than that such a shifting of suppliers is possible.
Shifting of suppliers is by no means nr=cessarv; and, given a
different reiactive structvre of the progress curves or different-
sized procurements, *here need be no shift. Consider, for
example, changing tae relative position of L' and L in Figure
F-J so that the iatercept value of L' i3 only slightly above
that of L, keeping the procuremenis at sizes QI and QZ' respec-
tively {as shown by L" in Figure F-6). 1If we were to show the
prices that would prevail using L, then on a competitive
seconl buy the inefficient producer would again win the coptract.

3. Relative Slopes of the Two Progress (urves

At

To complete this ciscussion, we ased to provile a theoreti:
cal rationale for drawing the curve L' in Faguve F-6 with a
steeper slope than the surve i in other words, the reason rhat
the slepe of che progress curve of the anefficient production
scheme should ke steeper than that of the eificient. To
accomplish this, we jeed to explore {urther what 313 meant by
"o¥fic.ency.” By definition, 2{ficient produrtion means lowest
cost for anv given leve. of autput. Functiovally, cffictent
production meanz to choese that mix of factors of proa.clien
{1abor and capital) whick minintzes cost for any given level of
autput. An e¢fficient pr.auction scheme, then, would produce
the optimal pregrvss curve and, as well, the jeaxt cost f{or am
Qutput.
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Within the context of a negotiated procurement situation,
where the profit rate is governed by the ASPR guidelines, cost
justification becomes more important than cost minimization.
Also, as shown by Table F, the ASPR guidelines are heavily
weighted in favor of extensive use of labor--especially engi-
neering labor. One consequence of the guidelines is that a
potential supplier with a large complement of research-and-
development (RED) personnel (a very importan! aspect in winning
a design competition) will attempt to retain these inputs as
part of his production costs. Another consequence is that he
will substitute production labor for capital. Both these acts,
the loading of RED personnel onto his production scheme and
the substitution of production labor for capital, wiil be to
the economic advantage of the supplier; and he will engage in
them up to the limit tc¢ which he is able to justify his costs
and not jeopardize his chantes of winning 1 contract.

But such 3 procé&ﬁre'iq'a distortion of ‘theé mix of factors
of pxoductlaﬁ axav trorm the nptxmdl specified abnvg {Subsection 1),
~angd. thx% distortion will arodice higher unit costs for all levels
of ;utput. ﬁazeover?.;he'agﬁuﬁxtutzan f-lahéx foy.capital
-(thkefheiaglma?e etpenéive)'wi%ifgrgd;\a 8 hx hev rate of
.<€3ra1ng than takes place i the efftcient pr@ductéan schenme,
following from the fact that the learning process assogiates
®OTO directly witl 1abar.tha§ with capitsl. The combinatien
af &1"Hev'un1t costs and a highey rate of learnxﬁg will produce
‘& progress curve in the inefiiciont E"é=xczian scheme with a
Clarger intercept value apd 2 stee poY s;ope thaa the nrogress
- curve for the aefficient schewe.

4. Observed Price-Quantity CLurves

In 8!} cases wheve the ~econd and subseguent prodursments
are made uader competitive conditions. the fixed-grice contract
does not permit direct ohservation of 2 vost-guantity reialion-

-

ship., What is observed at the first snd subseguent competitive
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procurements is the quantity purchased and the purchase price.

If the price specified in the winning bid was jus. that price
which covers cost (incl:ding an ordinary return), given the
rumber of wnits bought, then the curve empirically estimated
from the data would be the legitimate cost-quantity relationship;
however, there is theorstical evidence to show that the estimated
curve may deviate from this.

In Figure F-7 (below), let L represent the true optimal
progress cusve and Ql and Q, the quantities of the first and
second competitive procurements--a sole-source procurement of
a given size has already preceded these. The successful bidder
in the first competitive procurement wins the competiticn by
bidding a price P,, which just covers his cost of producing
the cumulative output Ql' Following this, let theve be a
subsequent competitive urocurement of size Qs+, a15c won by the
supplier of Ql' [f the second bi3 is bhased ;o}ely on cost,

a price PZ would prevail. These two procurements, then, would
produce observations of the two ordered pairs (Pl, Ql) and
(¥,, Q,), from which we could, by adjusting our quantity data
tobthe‘midpoints of the two prucurements (points a and b in
Figure F-7), estimate the line L, the true cest or progress
curve.

However, by assumption, the winner of the first competitive
procurement is the most efficiont producer and he need not bid
@ price as low as P, to win the second competitive procurement;
any price iess thaan} will be sutficient to win., Consider
that he bids a price Py P, t we will observe empirically
in this case are the ovdeved paics \PI. Q}) ang (?n' Qzl, and
our estimated relationship will vow be fit te the points a and
h' (showe as L* {a Figure ¥-7). The curve .L® haz a lovier
intercept and less steep xlope than the curve L.

A furtner possibility, which would produce an cvesn flatter
curve than the observed curve L*, would be the case where one
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supplier wanted to win the first competition badly enough to
bid helow his cost on the first procurement. Such an actrioen
would make our first ohserved valuc some number a' < a, which,
combined with b', would oroduce a curve with a lower intevcept-
value and flatter slope than for L*. B8iddirg below cost on the
first procurement is not necessarily irrational behavior as a
market strategy. The cost advantage the initial supplier has
ovor all others on the second and suhsequant prowurements, and
the potential for excess profits, makes winning the firvsy com-
petitivn very importanc. He iy, however, vonfronted by the
uncertain event of there ever being subsequent procurements.
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Appendix G
SOURCES CONTACTED FOR COMPETITIVE DATA BASE

Early in the study it was decided that the aanalysis of the
effect oY competition on the ascquisition prices of equipment
would be based on the procurement histeries of items that the
services had purchased under both sole-source and competitive
type contracts. [t was expected thst there would not be too
mych difficulty in obtairing a comprahensive list af equipment
with such procuremrni histories gnd that the main problem would
be in obtaining the year-by-year :ost-quantity data. The expec-
tation was corroct in that the detailad procurement histories of
candidate items were net easily obtained, but the surprise was
that there did not seem to be any way to develop a comprehensive
list that showed all the equipment that had been procured under
both soie-soeurce and competitive contracts. '

An sarly lead that prucised to provide a comprehensive
list of the desirsed procur =ents was the €ile of data from the
ndivfduszl Proouremant dce2ion Keport (DD Form 3503, which is
made sut hy the contracting officers of all serviges fer all
procurements of over 310,000 value., Toese data arve hept in 2
computer file ip the Pentagon and include soformaiion on the
extent of competition in the contragts. imfortunstely, the {ile
could noet be searched for procurements of snedific aquipments:
it was pussible to--and we did--devermine the 3ole-source sad
competitive grocurements by yeav for Federal Stock Ciwsaas [FUS)
within a Weapon Systea Uode, huvi there was ro ~ay to identify
the specific items within the FLS. '
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Another source that seemed promising was the automated
Procurement Record Histories of the Army and the Air Force.
The individual commodity commands of the Army and the Air
Material Areas (AMA) of the Air Force Logistics Command (AFLC)
record a great deal of data in a computer file about each pro-
curement contract they make. Among other things, these files
identify items by name and Federal Stock Number (FSN) and give
the date, number of items, unit price, and type of negotiation
for each contract. If the files were complete, they would be
capable of providing exactly the data required. Before request-
ing this information from the Army and the Air Force, however,
a check was made at two of the AMAs and the Army Electronics
Command to see if the information in the files was really ade-
quate. 1t was not. The Procurement Record History file data
was characterized by internal inconsistency and incompleteness.
Many known procurements were simply not entered into the file.
At any event, the data in them did not seem to be worth the
considerable effort that would be required in having the AMAs
asd the Army commodity commands prepare the special programs
recessary to search the files for our needs.

After determining that there was ro mechanical way to
develop a truly comprehensive list of procurements meeting the
dJesired criteria, 1t was decided to solicit the information
from a3 many potential sources as could be determined. The ran-
dom nature of the ssaple was preserved by asking the personnel
contacted for the names of all squipment they knew «f that had
been procured under both sole-source and competitive coatracts.
In general, the effeort involved {1) following up leads found
from tne literature sesrch and {2) personally contacting pro-
curcment and project offices in the commands of the three
services. [n addition to asking the individuals in these
offices for the names of items of eguipment, they were also
asked i1f they knew of other possible sources of the data we
needed; and then these leads were followed.

G-2




After obta'ning the name of an item that had the desired
contractual history, it was necessary t. find the specific year-
by-year details essential for the progress-rurve analysis. For
onlv a minority of the candidate items found was it possible to
obtain ussble daty. The information either was not available
or was incomplete, or engineering changes had distorted the
price data too much for it to be used. An example of this prob-
lem is the M-113 Armored Personnel Csrrier, which was cited as
a good candidate system since there had been 13 separate pro-
curements of the vehicle over a 12Z-year period by both sole-
source and competitive contracts. Further iavestigation, how-
ever, revealed that most of the records were in dead storage
gnd that there had been almost continvous mejor <ngineering
changes over the life of the equipment. The track system had
been greatly altered, the engine had changed from gas to diesel,
the transmission which had been contracter-furaished equipment
{CFE) during the early years of he procurement hal later be-
come government-furnished equipment (GFE), and there usere many
other changes--all of which impacted directly on the unit price
of the vehicle. To have .i:si:ned all the necessary records and
then to have calculated the ~fJect on costs of the engineering
changes so that the influance: of competition en the unit price
could be estimated would have been a3 major study in itself.

In Appendix H, there ave summaries of the date that weve
collscted on all the equipnent that weve uwsed in developing
the estimating relationship for the effect of competition,
Summaries of the cost histo,ies for some of the equipment that
was not used in the analysis are also in.luded, fov generas
information.

tnasauch as no mechanical way was discovered to develop 3
list of equipment meeting our critevia, and since the actuai
iist finaliy used is small, it seems appropriate to list the
agencies zontacted in the data search. Many of these agencies
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were visited and & number of individuals in several otfices were
contacted; others were limited to telephone discussions. In all
cases, however, the persons in the agencies were asked whether
they knew of any mechanical way to generate the list we desired
and if they wouid tell us the names of any specific equipment
that they thought might meet our criteria. The principal agen-
cies contacted are listed below:

Defense Contract Audit Agency
Office of the Secretary of Defense
- DDPAGE Cost Analysis Division
- ASD (Comptroller), DAS (Systems Policy and Information)
ASD(IGL}, DAS (Prccurement)
. Army Hq., Director of Materiel Acquisition
.A. Aviaticns Systems Command
Procurement Division
Comptroller, Cost Analysis Division
.A. Mobility Equipment Command
Production and Pracurement Directorate
Camptroller, Cost Analysis Division

[and
v 1 U

=
[72]

U.S.A. Tank-Automotive Command, Production and Procurement
Directorate

U.S.A. Weapons Commaand, Production and Proacurement
Directorate

U.S.A. Missile Command

Production and Precurement Directorate
Comptroller, Contract Cost Division
.A. Electronics Command
Comptrolier, Cost Analysis Division (Ft. Monmouth)
Production and Procurement Directorate (Phiiadelphia)
LA, Materiel Command
Production and Procurement Uirectorate
Comptroller, Cost Analysis Division
Spare Parts Program Mapager
.A. Logistics Manasgement (enter
Defense Logistics Study Group
School of Acquisition Management
Hq. U.S8. Navy
Comptroller
- Director of Budget and Reports
- Assistant for Cost leview and Analysis
Manageacnt Information Qf.lir¢ o
Program Planning Office, Sysicms Analysis Division
.N. MNaterial Comma. ', DCNM Procursment and Production
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U.S5.N. Air Systems Command
- Projcect Manager Nffices for AG6A, Anti-PRadiation
Missiles (SHRIKE, STANDARD ARM}, SIDEWINDER
Aircraft Components Purchase Division
- Weapons Systems Purchase Division
Asst. Commander for Material Acquisition
- Acquisition Control and Resources Division
- Air-Launched Missiles Branch
- Air-to-Air Guided Missile Branch
- Air-to-Surface Guided Missile Branch
U.S.N. Ordnance Systems Command
- Torpedo MK-48 Wsapon Svstem Project Office
- Surface Missile Systems Project Office
U.S5.N. Ship Systems Command, Naval 5Ship Engineering Center
Hq. U.S. Air Force
- Comptrolier
- Directurate of Data Automation
- Directorate of Management Analysis
- Directorate of Procurement Policy
Hq. Air Force Systems Command
- Cost Estimating and Amalysis Division
- Cost Information and Management Support Divisicn
- Director of Procurement
AFSC, Aeronautical Systems Division
- Direc*or of Procurement and Production
Comptroller, Cost Analysis Divisicn
Deputy for Reconnaissance and Electronic Wargfare
Deputy for Systems Management
- Deputy for Subsystems Management
AFSC, Electronics 3ystems Division, Cost Amalysis Branch
Hq. Air Force Logistics Comnmand
- Director of Procurement
- 3acramento Air Material Area
- Ogden Air Material Area
- Warner Robbins Air Material Avea _
Space and Missile Organization, Cost Analysis Bivision
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- APPENDIX H
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Appendix H

DETAILS OF THE DATA COLLECTED FOR
THE ANALYSIS OF THE EFFECT OF COMPETITION ON PRICE

A. GENERAL

In order to make a quantitative evaluation of the effect
of competition on price, it was necessary to obtain data that
could pe normalized to isolate the effect of competition on
price changes from the many other fu.-tors that a’fect them.

2 The kind of data that seemed most likely to permit this was
- [; procurement histories of items that had been purchased under
T both sole-source and competitive contracts. The progress

ﬁ ff? curves from a large number of such histories might reveal

; discontinuities at the points where competitjon was tntroduced
that would permit quantitative analysis of the effect of

. E competition, .f, indeed, there was any patiern on how competi-

ii ? tion affected prices. Nawurally, due consideration would have

E ta be given to other factors that impacted on the prices, such

as uyrgency of the regulrement, enginearing changes, time breaks
3 in production, ete.

f;’! a

b3 As mentionad in the bady c¢i the ropert. the collection <2

b 3 these procurement histoeries proved o be =ove difficult han

- 3 anticipated; for coxanple, 2 comprehensive 1ist of the names of
items with a unit value exceeding $1,000 wkich hsd been procured

vhder hoth snle-source and competitive contrscts could not bhe
developed. It seems useful, therefore, to displey in this
report the data that was c=ilected--even that data which could
not be used in the guantitative anaiysis. Ia relation o the

«ime 21d cffort spent on the collection effnrt, the actual

ot 1 bt AT ALY
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quantity of data obtained seems small. However, this is the
sort of information that is essential to a quantitative examina-
tion of the effect of ‘competition on costs, and it should be

of value both to persons reviewing the.ﬁethodology used -in this
study and to-those doihg subsequent analysis in this area.
Therefore, even at‘the-costﬁof adding considerably toc the bulk
of the report, théggatatbasé'is presented here in consideratle
detail. ‘ '

The information displéyed here falls into three categories:
(1) that which was used in the quantitative analysis, (2} that
which was dropped from the quantitative data base after careful
stuuy, and (3} thet which was obvicusly not suitable frr the
analysis. The data will be discussed in the order of those
three categories. Prices are tabulated in constant 1370 dellar:.
Escalation tables obtained from the Office of the Secretary of
Defense (NSD) were used to normalize raw data. The progress
curves were calculated from the quantity and normalized price
data by the ICLOT$ program ir the GE f{ime-Sharing computer.!

B. DATA USED IN THE QUANTITATIVE ANALYSIS

Nineteen items were used in the quantitative analysis of
the effect of competition. For esach ot these, there were encugh
data to plot the sole-source and competitive procuremeat data
soparately. The procurement data are also tabulated. }n .
addition to the table asnd the progress curve, a short resume
of the production history is given for each item. A summavy
of the essential Jata on these 18 items of equipment is
displayed in Table H-0.

IThe 17LOTS program was originally prenared by persongelgof
the Defense Contract Audit Agency. A complete description of
tite téchnique may be found in DCRAN 7640.1 [3].
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1. BULLPUP Missile Guidance, Control, and Afrframe

The Guidance, Control, aul Airframe (GCGA) subsystem of the
BULLPUP, an air-to-ground missile, was procured initially on a
scle-source basis from the Martin Corporation, but after one
multi-year buy (in 1961), it was decided to switch to a competi-
tive procurement method. The intent was to qualify a second
vender and, after a period of split huys from both producers
(to enable the second source to achieve a truly competitive
posture), to have a winner-take-al! competition. In FY 61, the
Maxson Corporation won the bidding, to become the second source;
and both Maxson and Martin produced BULLPUPs during the period
FY 61-63. The FY-64 winner-take-all buy was won by Maxson.
Table H-1 shows the price-quantity data for each firm, and
Figure H-1 shows the progress curves for the two suppliers.

Table H-1. PRICE-QUANTITY DATA FOR THE BULLPU®R ¥IZ3iLE GCIA

Type Unit Price

Contractor FyY Contract Quantity (1971, %)
Martin 58 Sole-soyrce 700 18 000
59 Scle-source 2,315 9,20%

60 Sole-source 3,80% 5,693

61 Sale-source 3,375 4,969

61 Competitive® 1,078 3,725

62 Competitive® 6.363 3,247

62 Competitive® 9,541 3N

63 Competitive? 6,355 2,518

63 fompetitive? 2,800 2,518

Haxson 61 Competitive* 200 6,226
62 Competitive® 1,000 3,534

63 Competitive* 3,238 3,134

84 Competitive 3,580 1,474

f?plit buys.,
H-§
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2. TALOS Missile Guidance and Control Unit

The original award for the guidance and control unit for

the TALOS, a Navy surface-to-surface missile, was won by the
Bendix Corporation.

In the period FY 58-60, Bendix produced

592 units under sole-source awards; however, the price data
During FY 61-65, Bendix
continued to produce under soie-source contracts, and the price

for these units could net be obtained.

data tor these awards was available and is tabulated.

the procurement method was changed to competitive; and with
four companies bidding, Bendix won thke multi-year FY 66-08

procurement. which was the last buy of this item,

Table H-2

In FY 66,

shows the nrice-quantity data, and Figure H-2 shows the single
progress curve (for Bendixj.

Table H-2. PRICE-QUANTITY DATA FOR THE TALOS MISSILE GBC UNIY
Type Unit Pricel

Contractor FY Contract Quantity (1970 §)

Bendix 58-560 Sole-source 592 (unknown}

61 Sole-saurce V24 218.,50¢6

62 Sole-souvrce &N 166,232

03 Sole-souvce 249 179,854

54 Sole-source 94 162,822

65 Sele-source 94 169,263

66" Competitive 470

87,636

PHyti-year bhuy.
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3. T0-660 Multiplexer

The Raytheon Corporation was the original supplier of the
TD-660 Multiplexer, an electronic device which converts voice-
frequency signals in several communications channels to a time-
division multiplex, pulse-code-modulated signal. The first
four buys of the equipment were negotiated (sole-source) with
Raytheon, but in FY 69 the procurement method was made competi-
tive and was won by the Honeywell Corporation. Table H-3 shows
the price-guantity data, and Figure H-3 shows the progress
curves for Ravytheon and Honevwell.

Table H~3. PRICE-QUANTITY DATA FOR THE T0-660 MULTIPLEXER

Type Unit Price

Contractor FY Contract Quantity (1970 %)
Ravtieon 67 Sele-source 400 22,240

68 Svle-source 350 11,945

69 Sole-soyrce 355 8,280

69 Sole-saurce 1.070 5,943

Honeywell 59 Competitive 425 3,524

69 Competitive 2983 3.228

H-8
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3. TD-352 Multiplexer

Just as with the TD-660, the TD-352 Multiplcexer was origi-
A nally supplied by the Raytheon Corporation, which furnished the

P T
o i i e SO P A

Table H-4. PRICE-QUANTITY DATA FOR THE TD-352 MULTIPLEXER

b equipment for four successive buys under a single sole-source
é“ contract. Different unit prices were negotiated for each buy.
3? 3 In 1968, the procurement method was changed to competitive,

Ag; Z and the Honeywell Ccrporation won both this contract and the

iﬁ 3 succeeding one. Table H-4 shows the price-quantity data, and

f o Figure H-4 shows the progress curves for Raytheon and Honeywell,
3

Type Unit Price
sy FY Contract Quantity (1970 §)

Lantra

&Y
[

o

Raytheon 65 Sole-source 569 1,90
66 Sole-soyrce 61 9,553
67 Sole-source 675 10,916
68 Sole~source 87 10,269
Honeywell 68 Compatitive ;2,218 4,29
69 Competitive 140 4,114
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5. ID-202 Radio Combiner

The TD-202 Radio Combiner is a device used as e radio
transmission interface unit, which accepts outputs from multi-
flexers apnd neccesses them for transmission. It is also used
1* vadio repexta: stations and 8s interface units at radio-to-
cable comvers’or terminals. The pattern of the previous two
items is repeated iz:; the TD-202. The Raytheon Corporation
received the first :cle-source contract in 1965 and was the
only vendor uatil doneywell won the competitive contract in
1967. Although Honeywell again wor the 1968 competition, 170
units were aiso purchased in that year from Raytheon under the

existing sole-source contract. The price-quantity data are dis-

played in Table H-5, and Figure H-5 shows the progress curves
for Raytheon and Honeywell.

Table H-5. PRICE-QUANTITY DATA FOR THE TD-202 RADIO COMBINER

Type Unit Price
Contracgtor Fy Contract Quantity 1970 §$)
Raytheon 6% Sale-source 280 8,220
66 Sale-soyrce 422 5.817
67 Sole-source 185 5,623 !
8 Sole-source 110 3,366
Honeywell 68 Lompetitive 2,185 1,341
_ 68 | Competitive 50 1,138
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6. TD-204 Cable Combiner

The TD-204 Cable Combiner is an interface device used
between 2 multiplexer and a coaxial cable in a cable communica-
tion link. It processes signals to convert them to a form
acceptable for csble transmission and demultiplexing. It is
also used as a repeater and as an interface unit in radio-to-
cable conversion stations. The TD-204 is the last of the items
with the Raytheon-ioneywell pattern. Raytheon received the
initial sole-sour~e cont.act in 1965 {renegotiated in FY 67)
and was the only vendor for negctiated prices under that con-
tract until 19658. At tnis time the procurement was made com-
sorarive, and Yoneywell won the subscoient two contracts.

Tabie P-6 shows the price-quantity datz, and Figure H-6 shews
the Raytheon and Honeywell preogress curves,

Table H~6. PRICE-QUANTITY DATA FOR THE TD-204 CABLE COMBINER

Type Unit Price
Contractor  FY Contract Quantity (1a7u $)
Raytheon 67 Sole-source 780 7,726
67 Sole-scurce 255 6.696
67 Sole-sou-ce £33 5,793
58 Sola-source 4384 5,506
68 Scte-source 555 3,785
Honeyw2ll 68 Competitive 5,943 1.877
6% Comnet:t 145 1,763
H-14
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7. HAWK Missile Motor Metal Parts

The HAWK is a ground-to-air missile weapon system produced
by Raytheon. After the first three years of production, the
HAWK motor mecral parts were bought by the Army Missile Command
(MICOM) as Government Furnished Equipment (GFE). Aerojet
General Corporation was the contractor for the HAWK motor
metal parts for the first six years of preduction, beth as a
subcontractor to Raytheon and as a prime to MICOM. 1In the
period FY 02-63, MICOM decided to introduce competition; and
the subsequent three competitive contracts were won by the
Intercontinental Manufacturing Company. Table E-7 shows the
price-quantity data, and Figure H-7 shows the progress curves
for Raytheon and Intercontianental.

Table H-7. PRICE~QUANTITY DATA FOR THE HAWK MISSILE MOTOR
METAL PARTS

Tr | Type | Unit Price
Contractor | FY Tontract Quantity | (1970 §)
Aerojat General 57 Jole-saurce 200 {unknown)
58 Sole~source 256 3,593
58 Sols-s0urce 1,366 3,018
80-61 Sole-source 4,300 1,622
62 Sole-source 2,006 1,186
' {ntercontinental 63 Competitive 2,346 1,014
54 Competitive 1,545 814
64 | Competitive | 2,279 795
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8. APX-72 Airborne Transponder

The APX-72 transmits id~ntification codes when_interrcgéged
by friendly radars. It was originally produaédf&nder a sole-.
seurce contract with the Bendix Cerporation. After the first
production, it was decided to make the procurement competitive;
but additional units were required before all the documentation
needed for competition‘was ready, and a second sole-source
contract was given to Bendix. The multi-vear competitive con-
tract in FY 70 was won by the Honeywell {crporation; and all
the subsequent productiova was under that contract. There are
two models of the APX-72 (the RT859 and the RT859A), and . it is
virtually impossible to determine whether the learninggfrdm the
RT859 should be carried over zltogether tc the RT859A production
or whether the two models should be treated separately. The
price-quantity data for both models are shown in Tablé'HfS,_and
the progress curves for Bendix and Honeywell are shown in .
Figure H-8. The curves are shown for only the RT859 nroduction.

Table H-8., PRICE-QUANTITY DATA FOR THE AIX-7%
ATRBORNE TRANSPONDER

Type | ﬁnit Price
Model | Contractor | FY Contract Guantity (1970 %)
RT853 | Bendix 70 | Sole-source 106,887 §,150
RTB59 71 | Sole-source 2,363 | 2,636
RTB59A | 71 | Scle-source 1,150 2,580
RTB5Q | Honeywell 70 | Competitive 3,373 1,653
RT859 71 | Competitive 1,687 1,653
RT859 1A Competitive 1,500 1,511
RTE59A A Compatitive 3,798 1,790
RTB59A l 72 | Compatitive 2,302 1,418
RTASIA { 72 | Competitive 469 1,396
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9. MK-48 Torpedo Components

Four major components of the MK-48 Torpedo (the Warhead,
the Uxpleder, the Eicctric Assembly, and the Test Set) wer:
first preduced by the Delco Corporation under sole-sonurce
contracts and later by the Goodyear Aerospace Comrany when the
procurement was wade comp~titive. The price-quantity data are
shewn in Tuble H-9, and the progress curves, or points, are
shown in Figure H-9. Since the methodolocy for the quantita-
tive analysis of the effect of competition requires a sole-:zource
progress curve, only the data on the Warhead and the Electric
Asserbly could be used, there beirg only one sole-source data
point each for the Exploder and the Test Set.

Table H-9. PRICE-QUANTITY DATA FOR THE MK-48 YORPEZDO COMPONENTS

-
Type | Lunit Price
Component - Cop*ractor| FY Contract |Quantity j (1870 §)
Warhgad - Deicn 70 jSole-soury: 48 15,500
71 1Sote-source . 47 19,391
72 |Sole~source 457 11,08
Warhead - Goodyear
Aerospace 13 |Competitive 480 5,087
Exploder - Delco 70 ;Sote-soyrce 58 25,800
Exploder - Guodyear
Aerospace | 72 (Competitive 480 5,165
73 |Competitive 492 5,643
Eleqtric Assambly -
Delce 71 [Sele-source 1l 29,0813
12 1Sole«sgurce 546 13,356
Electric Assembly - _
Geodyear Aersspace 13 |Competitive 317 6,027
Test Set - Belco 70 !Sole-source 3 69,529
Test Set - Goodyear
Aerospace | 72 [{ompetitive 34 18,217
173 jCompetitive 6 17,537
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. g § 10. Aerno_60-6402 Electronic Control Amplifier
?é '% % The Aerno 6C-6402 was the first produced under a sole-
E : % source contract awarded to the General Electric Corporation
??'L3Ti ? in 1966. GE won four prccurements of the item by sole-source i
A .E : nsgotiation until 1969, when the procurement method was made 3
fr :ti 3 competitive and was won by the Lear-Siezler Corporation. The f
3 /fﬂi : price-quantity data are chrwn in Tahle H-1G, and the progress %
} ;2’$; { curves for both GE and Lear-Siegler are showa in Tigure H-10. f

Table H-10. PRICE~QUANTITY DATA FOR TME AERNG 6UL-63L7? :

ELECTRONIC CONTROL AMPLIFIER K

Type % Bnit Price §
Contractot__“ﬁ. FY Cuntract Quantity {1970 $) 5
Genarel Electric| & Sole-scurce 70 §.988 ;
67 $ole-scucee | 194 7,184
68 Sole-scurce ’ 24§ ?.410
68 Solc- saurce 22 5,927
Lear-Stregler | 69 | Competitive 34 3,630
n (oapetitive 890 3,314
72 | uompetitive 12 3,314
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11. SPA-25 Radar Indicator

e

iy

The SPA-25 Radar Indicator was produced Ly the Motorola
Company under sole-source contracts during the period 1964-69.
The procurement method was made competitive in 1970 and was
won by the Lition Precision-Clifton Company. There is strong
evidence that the first unit price charged by Motorols was
uarealistically low and did not cover the costs of production;

£ A T CEMLAAT 00 bt B o Wi A K DTS Lo Lt St

s __; : and for this reason the price was not used in the quantitative

?_ 'i ' analysis of the effu.ts of competition, althongh the first

?#;"gi production quantity was considered. The firs: Litton unit :
e price seems very luow also, and their subsejuent prices ave :
Qg‘ 7{ | much higher. The price-quantity data are shown in Table H-11, :

ffﬁ and the progress curves are shown in Figure H-11.

[OEA N SN

e
%

Table H+11. PRICE-QUANTITY DATA FOR THE SPA-25 RADAR IWOICATOR

Typé’ b ' Unit Price
Contractor FY Co&tract’ Quanti:y-W7(1970 3}
Motoroia 64 Sole-source at9 6,320
' ;6? Sole~source 555 10,841
g 68 Sole-saurce 97 10,679
] 69 Sole-soyrce l 1£0 8,77%
: : Litton Precision-
- g Clifeon 70 Comoetitie k¥ K] £.819
3 : 72 Competitive 40 8,830
72 | Competizive | 17 ! §,%06
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12. SHILLELAGH Missile

The Army SHILLELAGH gun-lsunched tactical missile was
first developed and produced by the Philco-Ford Corpcration
undar sole-source negotiation. 1t was then decided to qualify
a second source for the missile and to Jdivide subsequent pro-
curement between the two sources according to a modified compe-
tition: Each vendor would get some of the buy, but the split
would be determined by the prices bid. The Martin-Marietta
Company won the compet:ition to become the second source, and
from the end of 1966 through 1969 both Philco and Martin pro-
duced ke SHILLELAGH. The price-quantity deta are shown in
Table H-12, and the progress curves for Philco and Martin are
shown in Figuve H-12.

Table H-12. PRICE-QUANTITY DATA FOR THE SHILLELAGH MISSILE

Type ~ {unit Price

Contractor Fy Contract Quzntity | {1970 %)
Pritco-ford 8¢ | Sole-~-source 1.393 14,141
67 | Sote-souyrce 16,552 §,484

68 | Competitive | 21,848 2,673

65 | Competitive | 35,303 2,018
Marvtin-Narietta|] 67 Eempetitive' 4,560 3,041
169 | competitive” | 7,540 2,385

— _
| Solit buys.
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13. ROCKEYE Bomb

buring the period 1367 through 1570, the Hoioyweil Corpora-
+ion produced the ROCKEYE bomb under sole-source negotiated con-
tracts. In 1971, it was decided to introduce a secoid source
for the ROCKEYE bomb, and the Marquardt Corporat-on was selected.
Subsequ=ut production was divided between the two companies on
the basis of their hide., Table H-13 shows the price-quantity

data, and Figure H-13 shows the progre.s curves for both companies.

Table H-13. PRICE-QUANTITY DATA FOR THE ROCKEYE BOMB

Tvpe ! Unit Price
Contracior | FY Contract Quantity { (1970 §)
Honeywell 67 | Sole~-source 535 8,021
68 | Sole-source 4,270 4,470
€9 | Sole-source 7,150 3,121
70 | Sole-source 18,100 2,344
70  Sole-source 5,800 2,309
72 | Competitive | 18,058 1,882
72 | Competitive | 9,029 1.738
72 | Competitive | 13,43 1,769
72 | Competitive | 4,000 1,65¢
73 | Compatitive | 2,500 1,540
73 | Competitive | 28,098 1,540
Marquardt |72 | Competitive’ | 5,000 1,641
72 | Competitive' | 2,500 1,606
72 | Competitive | 4,500 1,608
73 | Competitive | 3,500 V1,734

[
1 S.
L_Sp'it buy
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14, TOW Missile

The TOW antitank missile was developed by the Hughes Air-
craft Company, which was also given the first sole-sotrce pro-
" duction contract in FY 68. The Army Missile Command (MICOM)
then decided to introduce a second producer and selected the
Chrysler Corporation. The contiact with Chrysler provided for
an "educational" buy and option buys te bring Chrysler to a
fully competitive position with llughes, after which there would
te a winner-take-all competition for the final multi-year buy.
rrom FY 6$ through FY 71, the TOW was produced by both Hughes
and Chrysler, and in November 1971 Hughes won the buy-out com-

petition, The price-quantity data are shown in Table H-14, and

vg the progress curves for both Hughas and Chrysler are shown in

k. Figure H-14.
i?ikfﬁl Tabla K~14. PRICE-QUANTITY DATA FOR THE TOW MISSILE
-5”.-2? Type Tiait Price
k. Contractor FY Contract Quantity | { 970 $)
T Hughes Aircraft | 69 | Sole-source | 5,350 5,237
S i 70 | Sole-source | 10,400 5,070
TR 71| Sole-source 2,590 4,062
3 71 | Sole-source 5,500 3,556
e 72 | Competitive | 12,000 1,999
8 73 | Competitive | 12,008 2,060
g 74 | Competitive | 12,000 2,040
= Y 75 | Competitive | 10,837 2,021

. R . *
E .. S Chrysler Corp. | 69 | Sole-sourco 200 19,037
. 71| Sole-source” | 2,685 5,329
= . *
A o 71| Sole-source | 4,000 4,04
é?(ﬂ %§ *tducational awards.
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15. USM-181 Telephone Test Set ,
16. FGC=20 Teletype Set ' §

17. MD-522 Modulator-Demodulator
18. (V-1548 Signal Converter

The procurenment-history data on the four items listed above
were all obtained by correspuzndence with the U.S. Army Electronics
Command (ECOM) and were for the most part limited to the informa-
tion in the ECCM computerized Progurement Histery Data File,

These data are shown in Tables H-135 through H-18. For each of
these items, there were data on only cae competitive buy after a !
number of sole-source procurements. Figures H-1% through H-18

show the progress curves for the sole-source procurements and the

points for the competitive buys.

Tabie H-15. PRICE-QUANTITY DATA FOR THE USM-181 TELEPHONE TEST

SET
Type | Unit Price
Contractor FY Contract Quantity | (1870 $)
Hewlett-Packard| €7 |Saole-source |’ 17 2,035
89 {Sole-source i3 1,303
69 | Sole~source 8 1.318
70 So\e«source' 278 1,290
72 {Sole-source 506 134
NLS Company 72 | Competitive 357 422
'Aéverﬁised. but only one bidder,
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Table H-16. PRICE-QUANTITY DATA FOR THE FGC-20 TELETYPE SEY

r

Type nit Price :
Contractnr FY Contract | Quantity { (1970 §}

Kleinschmidt Company | 67 } Sole-source 169 2,338
67 | Sole~-source 69C 1.976
67 | Sole-source 819 1,985
638 | Sole-source 26 2,189

: Futuronics Inc. 70 | Competitive 276 1,308 !
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Table H-17. PRICE-QUANTITY DATA FOR THE MD-522 WODULATOR-
DEMODULATOR

Contractor Fy

Type
Contract

Quantity

Unit ®rice |

{1870 §)

Gavievral Dynamics | 66
68

68
63
69

Sole-source
Sote-source
Sole-sgurce
Sole-source
Sole-source
Sole-source
Competitive

247
1,288
562
35
115
295
2,263

6,510
4,466
2,531
3,531
3,182
3,082
1,275

A
. :
. . e
3 .
SRR Futuronfcs Inc. | 70
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Table H-18, PRICE-QUANTITY DATA FOR THE CV-1548 CONVERTER

B - | Type Unit Price
Contractor FyY Contract | Quantity | {1970 §) !
Raytheon Corp. 65 | Sole-source 560 7,692 |
1 65 ] Sole-source 400 7,691 f
65 | Sole-source 69 4,833
65 | Sole-source 288 6,210
65 | Sole-source 408 5,967 %
651 Sole-source 400 6,051 %
69 | Sole-source | 1,820 3,702
Bowmar/ALl Company | 69| Competitive 7,638 1,503 }
i
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C. DATA DROPPED FROM THE QUANTITATIVE ANALYSIS

There were four systems for which the price-quantity data
initially seemed well suited for the type of quantitative
analysis being done but which ultimately had to be dropped from
the sample. These four were the SHRIKE Guidance and Control
Unit, the M-14 Rifle, the WRC-1 Receiver-Trunsmitter, and the
SIDEWINDER Guidance and Contrel Unit and Rolleron Assembly.
Each of these four will be discussed in turn.

1. SHRIKE Guidance and Control Urit

The SHRIKE is an air-to-ground missile designed to home in
on and destroy enemy radars. It is used by bcth the \ir Force
and the Navy, but the latter is the joint procuring agency. The
Navy did the basic development of the SHRIKE, and in 1962 Texas
Instruments (TI), Incorporated, won a competition to improve snd
complete the design and development of the guidance and ceutrol
unit for the missile.

TI was paid $5,078,925 for this design and Jevelopment
work, and in FY 64 was paid $§1,925,658 for additional RED test
models. The initial procurement plan for the SHRIKE G&C unit
was approved in January 1963 and calied for negotiated contracts
with TI. In the Spring of 1564, the Navy decided to introduce
competitive procurement for cthe G&C unit and devised & plan that
called for a vmall part of the FY-6S requirem:nt ind most of the
FY-66 ragquirement to be pracured competitively. The contrace
negotiated with TI for thes FY-65 yradnc&ién iicluded options fgor
FY 66 that would be exercised in the ¢vsil that the winner of
the cumpatitive awrrd failed to nproduce an dccoptable missile.

The effect of cowmpetition is indicated by Ruy fact thst the
unit price of the winning bid by Sperry Farragut wus 34,770, al-
though the negotiated unit price for the immediately preceding
production by TI was $19,924. Although the influrnce of von-
petition in reducing the umit price in this case seecms manifest,

H-40

SN b BT AT A e LRI

S wass




"
L

R

RSy R R SO R AT R A
R e AR O R Y Pz et SRR Sl PN : e MNP T ERSEEA AT R U e iR DRENEE

the actusl price-quantity dats for the SHRIKE G&C uzit could P
1ot be used in calculating the formula for the ef”wct of com- ;
retition, because the competitive prices were in too muny cases ?
negortiated upward--due to nodel changes. Thus, Sperry won the 2
initial competition with a unit-price bid of $4,770 and actually

produced 118 units at this price, but the bulk of the units proe-

duced under this first BFY-65 contract (1,833 units) was at a

unit price of $7,930 because of engineering changes introduced

after the initial contruct award. Engineering changes undoubt-

edly impacted to some degree on the price of sll the items used

in this analysis, but their effect in the case of the SHRIKE

G&C unit seems so great as to make its prices incompatible with

the others.

The data that were collected on the SHRIKE G&C units are
displayed in Table H-19.

2. M-18 Rifle

Aithough the wnit price : £ the M-14 Rifie did not ceme up
to the criteriz 58t for the quantitative analysis, the size and
nature of the procurement and the obvious importsnce uf the
aquipment to the Army made it a candidate for inclusion as an
exception. After adoption by the Army, the first preoduction
ceatract was awarded sole-source to the Springfield Armary;
and, subscquently, production contracts were given to three
different civilian firas. The total program cost in excess of
$3136 niilion.

[t daveloped, however, that the cost of the Springfield

Arzory production could not be dotevtiined, sc there wer: nc
sole-source cost Zata--not even one point.

Since practicaily all <he dats obtained oa the M-14 Rifle
are contained in the report by U.S. Army Weapons (ommand,
AMSWE-PPR-69-01, Procurement Figtory and Anaiyste of H-1¢ Rifie
(28 January 196%), it is not reproduced here.
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Table H-19.

PKICE-QUANTITY DATA FOR THE SHRIKE G&C UNIT

Unit Price
Contractor { FY [ Quantity | (1970 §) Kotes
Texas A
Instruments | 63 75 29,772 Urgent requirement.
i i"C" band. Negotiated,
53 124 24,507 Pilct production., *S*
band. Hegotiated.
63 294 6,340 “S" band. Negotiated.
65 1,210 9,333 "S" band extended cap-
ability. Negotiated.
65 204 6,105 "C" band. Negotiated.
67 1,735 6,839 "S" band extended cap-
ability. Competitive.
iSpYit award.
67 600 5,997 . %% band extended cap-
avility. Competitive.
68 3,907 £,04 "S" band extended cap-
ability. C{omnetitive,
Spiit awara.
69 1,690 5,30 “"S" band extended cap-
abittity. Competitive.
69 100 7,541 “C" band extended cap-
ability.
70 300 7,499 *C* band extended cap-
. ability.
71 200 7,999 Unknown model. Com-
petitive.
72 100 9,029 Unknown mudel. Nego-
ticted.
Sparry 65 118 5,600 "S* band. Competitive.
55 1,833 9,310 "S$" band extended cap-
ability. Conentitive.
67 1,436 5,999 "S" band extended cap-
ability. Competitive,
Split award.
€7 448 6,110 "S$" band extended cag-
ability.
68 1,750 5,424 "S* band extended cap-
abiitty., Competitive,
[ Split award.
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3. L3C~1 Receiver-Transmitter

The WRC-1 is a receiver-transmitter used for ship-to-ship
and ship-to-shore communications. It was first procured on a
sole-source basis from the Bendix Corporation. The second pro-
curement was competitive and was won by Genera! dynamics.,

Bendix regained the procurement sn the subseauent and last com-
pstitive contract.

On the first contract, Bendix miscalculated its bid price
and made a claim for $21 million to the government, and an award
of $9 million was allowed. As a consequence, thers is consider-
able uncertainty as to just what the correct upit price for the
first Bendix production should be. Since this was the only
sole-source buy and since there were only two additicnal con-

tracts, the dats were judged to be unsuitable for the quantita-
tive analysis.

Table H-2Z0 displays the data that were collected.

Table H-20. PRICE-QUANTITY DATA FOR THE WRC-1 RECEIVER-

TRANSHMITTER
Type Unit Price !
Contractor FY Contract ,Quanfiii (}970 $)
Bandix | 66 | Sols-source | 1,172 .t
7 Competitive 84 15,588
70 Competitive 45 14,839
71 Competitive 7 14,201
72 Competitive 32 13,5893
General Oynamics ! 68 Competitive 240 14,931
"Urit price {1670 doilars) was (1) §8,560. 1¢ actual $9
oillion award is included, or {?) 312,086, if the claimed
$21_m111iun award is assumed.




4, SIDEWINDER: Guidance and Control Unit and Wing and
Roileron Assembly

The data collected on the Guidance and Control unit (G&C
unit) and the wing and rolleron assembly were never seriously
considered as being adsquate for inclusion in the quantitative
analysis sample, but the impact of competiticn seemed so strik-
irg that it was at first thought the data could be used some
way in the analysis. |

The only data available on the Guidance and Control unit
were for three contracts in FY 71 and FY 72. However, since
-this particular G§C unit has been greatly modified from previ-
ous models, it is uncsrtain how much lecrning from prior pro-
duction would be applical;le ever if the jata were avalilable.

The Raytheon Corporation had been producing the SIDE-
WINDER G&C unit under sole-source negotiations since the pro-
gram’s inception, but with this latest model in FY 71, the KNavy
decided to introcuce a second producer and, to this end, asked
for proposals frum Philco-Ford and General Electric for a 700-
unit production. Philco-Ford won the competition with a unit
price bid of §6,100.

In FY 72, a sole-sourcs contract was negotiated with Ray-
theon for 1,100 units at a unit price of $i1,494, At the same
time, an optional quantity of 470 units was prsposed for com-
petitive bidding between Raytheon and Philco-Ford, with quotes
being asked for 100-unit incremental guantities from 100 to
500. The bids received are shown in Table H-21.

Philce-¥ord won this competition, but becausc of an engin-
eering change made afrer the above bids, both companies had to
bid again on the 470 quantity. Again, Philco-Ford won, with a
unit-price bid of §6,720. The losing Reaytheon bid was for a
unit prica of $9,981.

The win~ 2nd rolleron assembly of the SIDEWINDER is four
roughly trisngular fins that are fitted on the aft third of
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Table H-21. SIDEWINDER FY-72 OPTION QUANTITY BIDS
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Guantity Raytheon Unit Price Phileco-Ford Unit Price
g - 100 $14,340 $5.875
E 300 13,188 §,785
i | g 400 12,783 5,770
T 500 12,486 5,760
§ .*L;: - the missiie and are actuated to guide and stabilize it. They
S have an interior honeycomb structure, to give both strength and
'?;hlgi ' lightness. The Army CHAPARRAL uses two fins that are identical

(except for the paint) to the SIDEWINDER's and two that are
simple metal stampings. The Navy does the procurement fur both
services,

No specific procurement dats prior to FY 70 were avajlabie;
they were all in dead ztorage. However, the Weapons Diationary
indicates that about 37,825 SIDEWINDERs and 6,000 CHAPARRALs
were produced through FY 69. This would mean that about 162,100
individual fins were made, all by the same company, Farmers
Toel ana Supply Corporstion (FTS), before the current contract.
The original price was $250 per fin (or $1,000 per SIDEWINDER

set) snd has gradually been reduced to the $199 point of the FTS
bid for BY 70.

1,200 sets #$783.6R ($195.92 ea.)

@f‘17§ The Navy had from sarly in the program advertised the wing
4?_'-ff and rolleron.procurements; but until BY 71, only FTS (the ori-
ff“'vé ginal suppiier) had made hids. The data on the FTS FY-70 con-
3 ?Jii tract and the FY-71 low bid of Engineering Research, Inz. (ERI),
f;"f are as follows:

g FTS: FY 70 SIDEWINDER -

3 CHAPARFAL - 3,030 sets 98$397.66 ($198.83 ea.)
ERI: FY 71 SIDEWINDER - 1,400 sets 88658.00 ($174.50 ea.)

CHAPARRAL -

2,241 sets #3306.00 7$153.00 ea.)
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: _';@} : Over the course of the production of roout 162,100 fins,
%_{'_;; : the unit price had declined from $250 to an average of €197.54
jﬁ;”  ﬁ | --about 2} percent. The first competitive buy resnlted in a

drop from the current price of 17 percent and from the ouviginal
$250 of 34 percent.
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'}% D.  DATA NOT SUITABLE FOR THE QUANTITATIVE ANALYSIS

In the attempt to collect as large a data base as possible,
some cost histories were accumulated which were obviously not
suited for the quantitative analysis. However, since the in-
formation was difficult to acquire, and since it does have a
subjective bearing on the analysis, it is displayed here. The
names of the 10 items in this category, grouped according to
the primary reason the data could not be used, are listed below;
and the data aro displayed in Tables H-22 through H-31,

s ve

e asgmivents L Rt b K 0T TR,

Aerno 42-0750 Voltage Kegulator
Aerno 42-2028 Generator
AN/PRC-77 Manpack Radio Set
AN/VRM-1 Radio Test Set
Standard MR & ER Missiles
AN/SQS-208A Trausducer ggoggiggﬂg:;gz
AN/ARA-63 Radio Receiving-Decoding Setl

AN/ARC- 84 Radio

AN/APM- 123 Transponder Test Set (
AN/GRC-103 Radio Relay Set }

Unit prioce too low

Yo competitive data

Migaing data
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Table H-22.

PRICE-QUANTITY

DATA FOR THE

AERNO 42-0750 VOLTAGE

REGULATOR

Typra Unit Price
Contractor FY | Contract Quantity | (1970 $)
Bendix 66 ‘So1e-source 380 135
67 | sole-source 380 145
68 | Sola-source 295 134
71 | Competitive 293 LY
72 { Competitive 164 5%
Lear-Siegier 69 | Competitive 344 7%
70 | Competitive 314 71

Table H-23. PRICE-QUANTITY DATA FOR THE AERNO 42-2028
GENERATOR

| Type Unit Price
Contractor FY Contract Quantity (1970 $)
Bendix 67 | Sole-source 380 769
68 {Suole-source 380 €94
I 68 { Sole-source 273 465
Lear-Siegler l 69 | Competitive KK ¥ $12
| 70 | Competitive 314 427
Table H~24. PRICE<QUANTITY DATA FOR THE AN/PRC-77 MANPACK

AADID SET

i o Type Unit Price
Contractor £f | Contract Quantity | (197u 8)
RCA 67 ! Sole-source 7,837 1,110
67 | Sole-s0urce | 10,798 1,360
Electrospace Corp. 62 | Competitive | 56,112 668
72 { (ompatitive 4,133 433
£ Systems, Inc. 70 | Competitive | 16,191 579
Cincinnatd Electronics 73 | Competitive 6,608 397
Sentinel Electronics 73 | Conpetitiva 6,617 397
Bristol Electronics 73 gtqapetitive 457 53¢
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Table H-25.

PRICE-QUANTITY DATA FOR THE AN/YRM-1 RADIO TEST SEY

V—

Type Unit Price
Contractor FY | Contract Quantity | (1970 §)
Monmouth Electric 67 | Negot:ated 188 624
Electrospace Corp. 68 | Compe-1tive 732 n7z
La Pointe Industries 69 | Competitive 51 260
70 | Competitive M 249

Table H-26.

po —

PRICE-QUANTITY DATAR FOR STIZNDARG MR AND ER MISSILES

Tabie H-27.

Standard Tyne Unit Price
Contractor Missile | FY| Contract GQuentity | (1970 §)
Generai Dy- MR 66 | Sole-snurce 50 149,766
namics Corp. 67 | Compatitive 144 60,230
67 | Competitive 72 30,764
63| Competitive 240 29,786
69, Competitive 240 32,445
70 | Competitive 404 33,767
71| Competitive 409 32,653
ER 86 ! 30le-source 50 148,766
671 Competitive 578 61,039
67 ] Competigive 109 31,078
68 | Competi=ive 660 30,090
6891 Competivive 660 2. ne2
7G| Competitive 500 34,024
71| Coapetitiva] 500 32,90

PEICE-QUANTITY DATA FOR THE AN/SQS5-208A TRANSOHCER

Untt Prica

T&ée
Cantractor 7?# Contract Quaﬁtityvr (1970_!)
Dynamics Corp. of Amar. | 67! Sole-squrce 29 16,869
Hazeltine Corp. 68 | Compatitive 54 40,508
73| Competitive| &9 - 30,621
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Table H-28.

RECEIVING-DECODING SET

PRICE-QUANTITY DATA FOR THE AN/A#A-63 RADIO

Type Unit Price
Contractor FY | Contract Quantity | (1970 §)
AIL Company 68 ; Sole-source 1,325 7,849
ASC Systems Corp. 72 | Competitive 1,087 2,88¢

Table H-29. PRICE-QUANTITY DATA FOR THE AN/ARC-54 RADIO

Type Unit Prize
Contractor FY | Contract Guantity | (1975 §)
Admiral Corp. 64 | Sole-squrce %00 7,379
64 | Sole-source 853 8,738
65 | Sole-source 1,38 5,751
66 | Sole~snurce 1,169 5,076
66 | Sole-source 300 5,039
65 | Sole-source 3,103 4,866 i
66 | Sole~-soyrce 2,680 5,033

Table H~30.

PRICE-QUANTITY DATA FOR THE AN/FAPM-123 TRANSPONDER

TEST SET
Type Unit Pri;g
Contract FY { Con:iract Quantity (IQ?Q L
Packard-Bell Company 63 | Sola-source ) 2,143
68 | Sole-source g 6,074
67 { Sole-source 628 6,034
{ §8 | So'e-Source .’ .
3% | Sole-source 198 6,629
69 | Sole-sourca 326 £,599
Terh Industrias 59 | Competitive 263 2,1§§
71 | Competitive - -~
1'&nknewﬂ.r
-89
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Table H=-31. PRICE-QUANTITY DATA FOR THE AR/GRC-103 RADIO RELAY
SET
Type Unit Price

Contractor FY | Contract Quantity | (1970 &}
Canadian Commercial 66 | Sole-sauvrce 400 32,799
68 | Sois~source 350 268,773

Magnavox Company 65 | Competitive 142 16,395
69 | Competitive VA 10,376
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REVIEW OF DEFENSE INDUSTRY PROFIT STUBIES
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Appendix 1
REVIEW OF DEFENSE INDUSTRY PROFIT STUDIES

This app dix summarizes the results of various studies omn
defense industry profits, The empirical work of this report
(Chapter IV) showed that large price reductions were obtained
when competition was introduced into defense procurement through
the use ¢f formally advertised bidding. In order to get some
indication of whether these price reductions were permitted by
excessively hign profits in the sole-source c¢ases or by reduc-
tions in the couts of production, a review of defense profits
was decided on. ithough the data on prefits of firms befor:
and after formally advertised bidding are unavailable, the
profits fvom negotiated and snle-source contracts should be the
largest ps.c of defense fivms' profits, because these contrauts
are still “ov such a large proportiom of the totz]l procurements.
Therefore, a study of defense industry profits will be, ip
offect, a study of profits frowm negotiated apd sele-source pro-
curements, which i3 the Jegzired bias {=zince the possibility of
excess profits on thase contracts 1: being examined).

S Since the studies veviewed below were made by gevernment
%-ﬂ”fé agencies and by acadenics, the approdches and specafic areas
l=f'g% emphasizoed vary somewhai. Because the allocation within 2 fiyn
>;; ='f§ : of profits, costs, and saies to military and commercial work is
%\m',j open to disagreement, the studies tried different ways of defin-
? f} ing and separating defese from cosmercial profits.  But ia

‘t‘ -£ spite of the varled approackes, the everall results are that

military profits are not significantly higher than coaxercial
prefits.
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The vefense Industry Profit Review: 1968 Profit Data of
the Logistics Management Institute (LMI) covers an ll-year
period, 1958-1968, and includes all companies having over
$200 million annual defense sales and a representative sample
of companies whose annual defense sales are between $25 millicn
and $200 million and have at least 10 percent of total company
business in defense sales (43 companies for 1968). Sales, cap-
ital investment, and profits for these firms were allocated to
defense work and to commercial work. The financial character-
istics of these defense-oriented firms were comperred with those
of a sample of commercial companies that were in the same
durable-goods categories.

Twe comparison of befere-tax profit to sales ratios is
shown in Table I-1. On the basis of Profits/fSalss, d¢fense
business is less profitabls than commercial business within the
same firm and less profitable than predominantly commercial
companies are. But a more important {inancial characteristic
for investment decisions is the ratio of profits to total cap-
ital investment, where total capital investment is the amount
23ssigned to capital shares and surplus plus long-term debt,

Table 1-1., COMPARISON OF BEFORE-TAX PRUFITS TG SALES

Sorcentage
_ (Profits/Sates)
Type of Firm 1968 | 1967
Defense Companies |
Befense bysiness 2.89 §.17
Comaerciel buysiness 7.68 §.38
temngrcial Conpanies 3.35 j 7§.?37

Source: LNI, p. 25.
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Again, allocating the capital investment and procfits within
a defense-oriented company to its defense and commercial work,
the ratios for profit to total capital investment (7CI) are
shown in Table I-2., Depending on the year looked at, there may
or may not pe any difference betwszen the defense and commevcial
profit rates within a firm, but the commercial companies sgain
do better than the defense-oriented companies.

Table I-2. (.CMPARISON OF PROFITS TO TOTAL CAPITAL
INVESTMENT--ALLGTATED

- RTINS T e

Percentage
(Profit/TCI)
Type of Firm 1968 1967
fefense Companies |
Defense business 12.82 13.838
Commercial business 16.74 13.43
Commercial Companies 19.54 i 18.22
Source: LMI, p, Z0. -
— e ot otons et

S8ince thure are problems in allocating profits within a
firm, LM} also compared defense companias &s & whole with com-
mercial fivms, using samples based on audited financial svate-
ments. The ratic (found by LMI} of profits to teital capital
investment on this sanple is shown in Tahle i-3. These figures
show that in 1967 thevs was little difference vetween the pro-
fits of defease and commercial companies, but a lavger differ-
ence existed ian 1368,

A compsarison of the above figures with the results givea
in Table I-3 for the same Profit/TCI ratio shows differencesx
that could lesd to different policy reccamendntions. The dJdif-
ferences in the ratios sre attributable te two factors: (1)
Table i-% used cuatractor-supplied data for defemse firss,
while the second used nublished financisl data; and (2} the

I-3
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Tablzs 1-3. COMPARISON OF PROFITS TO TOTAL CAPITAL
INVESTMENT - «NON-ALLCCATED

[ Percentage
(Profit/TCl)
Type of Firm 1968 1967
k8 Defense-orie: ted companies 6.2 | 6.0
‘A\ *f Commerciallv-oriented companies 21.7 17.5
;§ ,é Source: LMI, p. 46
 ; data for the commercial firms were based on different sizes of
.; samples for the two tables. decause the financial ratios are
3 so sensitive to the data base used, care must be taken in stat-

ting conclusions about defense profits. Therefore, other
studies of defense industry profits will be reviewed in order
to obrain a general conscnsus.

Another study with an approach similar to LMI's was done
by the General Accouating Office (GAO) during 1970, GAC stud-
ied the profits on negetiated contracts fur 74 large DoD cen-

£ lg tractors and required them vo separate the sales, profits, and
. investments for the defense and commercial portions of their
. sales. {Note that the samples of the GAQ ard LMI studies dif-

fer, but that both separate defense fFrom commevcial business
» within a €ive,) For i{ts findings and conclusions, the repor:
- - states:

- .. profits on DOD contracts averaged 4.3 percent of
sales over the & years, 1266 through 1969, but

3 profits on comprrable commercial wark of the 74 con-
] tractors averaged 9.9 percent of sales for the sawe
nevied. ¥When profit was considered as a peércent of
the total capital investment (total liabilities and
cquity but exclusive af Governhaent capital) used in
genevating the .ales, the difference narrowed--11.2
percent for 00D sales and 14 percent for commercial
sales. Further, when profit was consideresd as a per-
cent of equity capital invsestment of stockholders,
there was little differenie between the rate of re-
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turn for defense work and that for commercial work.
The 74 large DOD contructors realized average returns
before Federal income taxes of 21.1 perceut on equity
capita} allocation to defense sales and 22.9 percent
on equity capital allocated to commercial sales....

The major factor causing the rates of return on con-
tractor capital invesiment for defense and commercial
work to be similar was the substantial amount of
capital provided by the Government in the form of
progress payments, cost reimbdursements, equipment,
and facilities. This reduced the capital investment
required from the contractors for defense work.
(28, p. 1]
Thus, the GAO and IMI studies report the same general ranges
for the various financial ratios in spite of their different
data bases. Moreover, GAO feels that the rates of return on
defense anu commercial work are quite similar when the amount

of government-provided capital is taken into account.

A. M. Agapos and Lowell E. Gallaway, in their article
“"Defense Profits and the Renegotiation Board in the Aerospace
Industry' [65], attempt to evaluate empirically the effective-
ness of the Renegotiation Board established teo insure that con-
tractors with the government do not reap unusual profits from
their activities. The study covers the period 1942-67 and looks
at aerospace firms that are government prime contractors, divid-
ing the firms into two groups- (1) those with 80 percunt or more
of their sales subject to renegoriation and {2) those with less
than 80 percent of their sales subject to renegotiation, but
with 50-80 percent of their total sales to the goverament.

Using multiple least-squares regression techniques, they
estimated 3 statistical profit function for the U.5. aerospace
industrv. The measures of profitability used were profits
(both batore and after taxss and renego iastion)} as a fraction
of net worth and as a fractioa of total assets. {(The Renegoti-
ation Act of 1931 instruccs the Rencgotiation Board to conmsider
the return to net worth in its determinations.) Agapos and
Callaway report that their regression results suggest "that ihe
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presence of the board has led to an inflation of aerospace
profits which have been renegotiaied away by the board" [65,
p. 1103]. Their overall basic corclusions are as follows:

1. There is almost no evidence that aerospace firms

in contemporary America are able to reap unusually

large or excessive profits from the presence of posi-

tive shifts in the demand for military hardwasre. 2.

It appears that the parties to the contract negotia-

tion process--an integral part of defense procurement

in the aerospace industry--have very effectively dis-

counted the presence of the Renegotiation Board and

have thus rendered it quite ineffectual. {65, pp.

1103-4)

Gecrge J. Stigler and Claire Friedland, in their article
"Profits of Defense Contractors" [66], use a different approach
to a profits study by looking at the profitability of invest-
ments made in defense contractors. They feel thot ''Stack market
experience avoids (or at least igrores!) the complications of
accounting practices, including the difficulties of segregating
assets and income within the enterprise" [66, p. 692]. They
looked at the largest defense prime coitractors from the annual
DoD lists, compared the contracts with the total sales of the
companigs in the same years to obtain an average Lercen*age of
defense business, and calculated the market value of an initial
investment in common stock of a company with reinvestment of all
dividends in the stock of that company. The investment perform-
sance of the defense firms was compared with the average value of
an invesiment in each company listed on the New York Stock
Exchange. Their main fiadings are as follows:

1. The investments in defense contractors were

almost twice as prefitabla in the 195%0°'s as the in-

vestment in all listed stocks....2. In the 13960's the

investments in Jdefense contractors did approximately

as well &4s in all NYSZ stocks....Thus there is sub-

stantial agreement between our study ard that of the
Logistics Management Institute. {66, p. 833]

But in spite of theis resules, Stigler and Friedland are hesi-
tant to judge the efficiency of present systems of procurement.
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They suggest that more important questions are the risk in the
defense area, the existence of monopoly or blocked entry into
the defense contracting business, and the relationship between
the profits of defense coatractors and their performance on
contracts,

Another study, Douglas R. Bohi's "Profit Performance in
the Defense Industry,' exumines the
profit performance of defense industry firms in the
past decade to determine whether the profit rates of
firms engaged heavily in defense contracting differ
significantly from profit rates of non-defense-
oriented firms. Related points of interest to be
considered include: (1) whether there is any rela-
tionship between the percentage cf business attributed
to defense contracts and the profit performance of
different firms, (2) whether traditional defense
irdustry firms have become more or less dependent on
defense business, and (3) whether the Vietnam war has
altered the profit performance of defense firms,

(67, p. 721]
Behi looks at a sample of 36 defense firms that consistenciy
appeared on the annual lists of the largest defense contrac-
tors for the period 1960 through 196%. He exsmines the volume
of defense contracts awarded to the 36 firms; defense profits
as a percentage of total sales; profits; and profits as a
percentage of net worth (the latter ratio is the only measure
in common with saveral other studies). He was w.able tc find
significant differences between the profit rates of the de-
fense firmy and those of the 500 largest manufscturers as
listed in Portunz for the same period. He further found that
the “hypothesis of no significant correlation hetween profits
and the concentration of defense business cannot he rejected"
{67, p. 726]. Boki also reports that the traditional defense
contractdrs have been diversifying into commerzial business,
because the ratio of defense contracts to sales had declined
(while the total defense contracts to thesc firas had not de-
clined). He alsc finds that traditional defense firms (the 36
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that have been consistently on the list of the largest contrac-
tors for the period 1960 through 1969) have been taking a smaller
portion of total defense procurement. In considering the issue
of whether there has been a change in defense profits as a result
of the Vietnam war, he notes that profits and profit rates for
the 36 defense firms studied did increase during the Vietnam war
period, but that so did manufacturing profits in general, and
that the increases are not significantly different. "In fact,

it appears that the source of the bulk of the increase in profits
of defense contractors during the war was nondefense business"
(67, p. 727}. Bohi concludes that

there is no evidence for arguing that defense business
is any more or less profitable than nondefense busi-
ness in general, Whether or not this result implies
that Jefense profits are too high or too low depends,
of course, on the relative risk and relative effici-
ency of defense and ncndefense business,...Relative
risk and relative efficiency, not relative profit per-
formance, are tiie important issues, [67, p. 728]

To summarize all these studies of defense industry profits,
it appears to be still uncertain as to whether or not defense

industry profits (either for the defense contractor as 2
whole or for just the defense pavrt of the business) are sig-
nificantly lower than profits for commercially-oriented firms.
Some studies (e.g., Stigler and Bohi} have reported no statis-
tically significant di{ference, while the LMI and GAO studies
report that some measures of profits give lower returns on
Jefense business and for deferse-oriented firms. But in either
case, all studies have suggested that the important question
for policy purposes is not the level of profits but their
adequacy--including coasideration of government-supplied capital
and the risk borne by the firms.

Recalling the iaitial purpose of this review of defense
industry profits, there is no strong evidence that the defense

industry is excessively profitable. In fact, since the profit
rate is lower on defense business in some of the studies,

I-8
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other factors (like government-supplied capital and the firm's
cost risk) would have to have a large impact to make defense
profits higher than commercial rates. Since defense profit
rates do not appear to be excessively high, the price reduc-
tions obtained under competitive, formally advertised procure-
ments are likely to have been enabled by reductions in the
production cost.
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APPENDIX J

DETAILED COMPARISON OF COMMERCIAL AND MILITARY
AIRCRAFT, SHIP, AND WHEELED-VEHICLE PRICES
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Appendix J i

DETAILED COMPARISON GF COMMERCIAL AND MILITARY
AIRCRAFT, SHIP, AND WHEELER-VEHICLE PRICES

s Chapter V presented the methodology used in making the com-

o\ parisen of military and commercial prices snd some summary tables
. ﬁig of the results. This appendix presents the data and detailed
-? ‘;li, calculations that were usel to derive the summary tables of
. Chapter V.
T
% f f%’ A.  COMPARISON OF MILIYARY AND COMMERCIAL AIRCRAFY
% b Tablie J-1 presents the airframe cost index used to normalize

prices to 1970 dol:iars.

Tabla J-1. AIRFRAME COSY INDEX

Year' index | Year |Index ﬂ Year | Index
1945 | 1.536 1655 }11.388 i 1965 | 1,225
1946 | 1.566 1366 {1.370 1866 | +.370
1947 1.546 1357 11.352 1967 | 1.132
19481 1.526 1958 §1.335 1968 | 1.006
19491 1.506 1989 | 1,318 1969 | 1.041
1950 ] 1.486 1960 ;1.285% 1970 ] 1.000
19511 1.485 1961 } 1.27Q | 1971 .972
1952 1.446 1962 | 1.270 § 1972 .935
19€3 ] 1.426 |l 1983 [1.270 %
1954 | 1.407 [ 1964 |1.259 g ]
Scurce: Office of the Assistant Secre-
tery of Defeanse {Systems
Aralysis)
J-1




i MR ais A GUAERCCE D S
e P T L e

1. Piston Aircraft - Case Studies

a. C-119 Versus Convair 240, 340, 440

The tables for commercial aircraft are set up with nine
column headings (see Table J-2). The first four are self-
explanatory. The fifth column (laheled "Emnty Weight Delivered")
is the product of the number of planes de.iivered that year and
the empty weight of one airplane, The sixth column is the prod-
uct of the number of planes deiivered that v~ar and the useful
load-carrying capacity (hereinafter shortened to "useful
capacity") of one airplane. The seventh coiummn is the selling
price or average selling price of one plane in that year (or
current-year doliars). The eighth column is the (seventh-
coiumn) selling price normalized to 1970 dollaxs, using the con-
version indices of Table J-1. The last column is the total
price--obtained by multiplying the price per plane (in 1970
dollars) by the number of planes delivered that vear. This
toval price should be roughly the amount received by the air-
craft manfacturay for total flyaway sales of that plane in
that year. The t2tals at the botiom are the total number of
planes delivered, total empty weight delivered, total useful
capacity Jdelivered, and totsl program sales over the span of
years the plana was produced.

As Table o-2 indicates, the total amount received by Con-
vair for its 240, 340, 440 serics was $454,590,000 (1970 dollars)
for a total of 5635 plapes delivered. Total sales of the Convalr
series are then divided by toutal empty weight delivered, to ob-
tain s prics per pound for that particular commercisl plane.
Since total pounds delivered was 16,458,000, the average price
per pound of enpty weight far the Convair 230, 340, <440 was
$27.55. Pkrice per pound on a useful-capacity basis was §48.98,

Data for the C-119 program arve shown in Tabie J-3. 1In this
case, uore pilitary plsanes were produced than commercial plenes.
In order %o normalize for quantity, the quantity of {-119s pro-

J-2
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Teble J-2. CONVAIR 240, JA0, 440 PROGRAM DATA
Eapty Useful
Empty Neight Canacyty Tots)
Xeight pelivaran | Delivered Prica Price Peice
{thousuad Hyeber {thousend ( (thousand | (mitlion | (miilion | (miYlien
fear(s) | Nodel | pownds) Relivarad | pounds) pounds) | curvant $) 1 1970 8) | 1970 §)
Powrvens g
1947, b ¢
1351 240 1.0 176 4,752 2,35 . 440 .66 116.18
1982 340 29.% k1] 1,033 813 541 .78 21.30
1953 40 29.% 10 2,980 1,769 578 .82 82.82
1854 30 9.5 61 1,800 1,968 .613 .86 52,46
1965 340 28.5 14 412 245 .750 V.04 14.56
1956 440 i 31.3 57 1,784 1,048 . 630 .89 50.73
1857 449 R ] 7% 2,473 V.d52 870 .9 71.3%
1958 440 31.3 21 657 ‘ 386 .700 .93 19,53
1359 440 1.3 14 438 | 8 .768 1.0 14,14
1960 4 1] 331.5 _5 168 32 L7808 1.00 5.00
Total 563 16,298 9,282 45¢.59
Siere defined {for Tables J-2 through J-17] as atrcraft maximum gross takeofy waight
atngs espty weight.
bivcrugz #gight for the five-ysar span.
Cavarage price for the five-year spa..

duced is cut off to equai the total produciion gquantity (563
aircraft) of thes Convair 240, 340, 440. The total cost of 563
C-1185 iz $627,230,000 (RDTEE pius procurement) and must be in-
creased by 4.6 percent to account for govornment capital invest-
ment. Thus, the total progrem cost is $646,080,000 (1970 dei-
lars). This total is divided by total empty weight dalivered cii
563 planes (22,520,000 pounds), to arrive at 8 price of §29.13%
per pound of empty weigat fur the C-119. Similarly, the price
per pound on a useful-capacity basis was $40.54.

Einally, the ratio of the price por pound of the mililary
aircraft to the price per pound of the commercial sircraft is
used as a comparison of the costs. The price per pound of
expty weight for ths C-119 &s compaved to the prica per pound
of empty weight for the Convair series (§29.3137827.55) gives a
ratio of 1.06. The (-119 cost about & pzrcent muve per pound,
the Iwo prograus are guite cowpsrable. Likewise, the ratio on
a useful-cspacity besis ($40.54/848.98) is 0.83.

J-3
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3 ,5 Table J-3. C-119 PROGRAW DATA (1G48-195))
?; Empty Usefu! ROTSE and
. Empty Weight Capacity |Procvrement | Procuremant
b wWeight DelYivered | Delivered Cast Cost
T {thoussnd | Number (thousand | (theusana | (wi)11on (miilion
. Year Mocda) pounds) |Dslivered | pounds) | pounds) |[current $)*| 1970 )P
1946 | C-179¢ 30 17 1,480 1,064 6.1 40.76
1949 [ C-1196 40 99 3 96¢ 2,846 43.07 £4.86
1950 ¢ C-119C 114 53 2,120 1,522 24107 35.93
195Y | C-119C,F,G,H
/R&Q-Y ] 438°¢ 17,520 12,586 335.60° 491.99°¢

sFlyaway costs only.

bEstimated ROTAZ of 50 times the cumulative averace cost of 120 units,
50 x .93 = 46.60.

‘Unit price in Yu&] assumed in subsequent case studies:
For Convalr saries, 2nalysis far 374 of thess 438
For Lockheed Constellation, analysis for 335 of thase 438
Fer DC-6, analwsis for 348 of these 438
For DC-7, aralysis for 147 of these 4385,

b. C-112 Versus Lockheed Consteilation

Lockheed received $1,006,570,000 (197C dollars) in sales
of its Constellation series (Table J-4). The total empty weight
delivered for 519 airplanes was 34,771,000 pounds. Thus, the
nrize per pound of empty weight for the Constellation was §31.55.
The price per pound on a useful-capacity basis was $41.24.

The total cost for 519 C-119s is §575,570,000 (Table J-3).
To account for government capiftal invesiment, this figure is in-
creased by 4.6 percent, for a total of §602,050,000. Totsl
empty weight deliveved cn 519 planes is 20,760,000 pounds, for a
price of $29.00 per pound of empty weight for the C-119. (%iaa-
iarly, the total useful capacity deliversd on 519 planes is
14,918,655 pounds--giving a price per pound of useful capacity
of $30.36.) Comparison of this $29.00 price to th. price of
$31.53 per pound of empty weigit for the Constallation series
produces a ratic of 0.92. The two planes are cemparable in
price, the C-119 costing aboui B percent less per pound. {On
the basis of useful capacity, price-per-pound comparison of the
C-119 and the Consteliation series produces a vatin <€ 0.98--
i.e., the C-119 gost 2 perceat less per pound.]

J-¢
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Teble 0-4.  LOCKMEED CONSTELLATION SERIES PROSGAM DATA

Eapiy Useful i
Empty Hetght c|g¢c1ty Tetal z
Teight Selivered [Oeltvered| PBrice Price Prica E
| (theusand = Mumber | {thoussnd |(thousans | (wi114on | (wi1190n| (mi11%0n i
Year Mode} Jounds) | D3livered | pounte) pounds) |current $3 | 1970 $}| 370 §) 1
1943 | 049 5!.0., 10 580 420 .684 1,088 10. 88 ;
1946 | 049 56.00 57 3,308 2,394 R IANNE BERTT 84.70 3
1947 ] 049 . 6 282 .7¢0 1.2 l ¢
649 58.0 14 3,190 590 . 760 ¥.¥78) 9.85 z
748 35 1,474 .870 1348} 7
1942 | 749 58.0" 22 1,276 938 930" | 1.4is 3.2t :
1949 | 745 $7.0¢ 17 959 725 1.080 1.%26 27.64 ;
1050 | 64% 2 3 128 .85 1.3133 3 g1 ’
"1 749 57.0 3} 1,938 1,364 | yio22® | 1ls1e) | 5281
1951 | 649 + al 2j 85 L899 1.313
1&9} 37-0 13} 14168 767 1.120 | 5¢22 39.58°
1043 69.0 4 202 1.258¢ 1.833) <
1952 | 1343 69.90 26 1,380 1.020 1.260% 1.872 16.44 :
1953 ) ¢ 349¢,0,8,8 85.0 28 1,932 1.428 1.560° 2.119 59 89 ;
1954 | 1049¢.0,8,5 3.0 4 2,828 2,09 1.700 2.352 38.ur
1355 | 1049¢,D,£.6 65.0 5§ 3,785 3,520 z.018P 2.9 153.84
1956 {1049¢,9,6.6 406, 2,560 2.11a® 2.3911 e
10494 b es.0 1/ 3,882 192 | 2.070 2.338f | 2418
1357 1049c.0.5.6} €9.0 15 c 960 z.18p 29474 c
1045H . 27 5,084 1.728 1.906 2,817 232.09
1643 85.3 35 1,670 | 2840 1,304
138§ 1049C,0,8,51 §9.0 3. . 192 2.200 2.9%7 ¢
10494 V . 19( 2,288° 1,216 1.88) 2.507 45.13
1649 35.3 9 329 2.156 1.145
1959 | 10494 £9.0 s 228 | __2%8 | v.s9y 2095 | 398
Tatal 519 N 26,603 1,096.%7
Yivarage vetght.
S
Average orice.
“uhere weighty and prices vaey amarg modetls, anpty weighs deliverad and cotal prica Bave begs
L Brerated aecordiay to the msust produced of mech moded.

c. §-112 versus DC-B

¢or the 537 DC-65 sold ([Table J-5), Douglas received z
totsl of §791,630,000. The total empty weight delivered was
28,238,000 pounds. On s vprice-per-pound basis, the DC-6 gost
$28.11. On a useful-capscity basis, the total pounds delivered
was 26,275,023--giving $30.37 per pound.

The cost of the first 537 (total number of LC-6s built)
C-119s was §$396,700,000 {Yeble J-3). It is imcreased by 4.8
percent, for sz total of $624,100,000. Total empty weight de-
livered for $37 pluaes wes 27,480,000 pounds; total useful

J-5
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Empty Useful ’
Empty Keight Capacity Total

Weight Deltvered | Delfvered Price Price Price

{thousand | Numder {thausand | {thousenas | (mi1)ton {#4llion | (mi1Y40n
Yesr(s) | Model pounds) | Deliversa | pounds) paunds) fcurrent $) | 1970 §) | 1970 §)
1947.
1929 0C-6 51.5 150 7,128 6,856 .69% 1.0% i57.50
1a8Q. B
1952 DC-6,4.8 52.8 174 6,019 5,720 978 1.42 161.88
1953 Bc-6,4,8 | s2.a° 49 3,643 1,862 1.10 1.57 108.33
1854 5C-6,4,8 52.8? 41 2,165 2,057 1.20 1.69 69.29
195§ uC-6,A,B 52,87 14 739 703 1.25 1.74 28,36
1656 0C-6,A,8 SZ.Bb 1% 2,059 1,957 1,30 1.78 68.42
19§67 0C-6,A,8 52.B° §& 2,322 2,208 1.50 1.76 717.448
1958 0Ce%,A6 | s2.8° 65 3,432 3,262 1.40 1.87 121.55
1958 Be-6.4,8 | s2.8° B 53 sy 1.40 Y.86 1.86

Totg? 5§37 28,158 26,¢7% 761.62

’Awerage price far the thrae-year span.
bAveraga weight for the variou:s models.

capacity, 15,436,065 pounds. The price per pound of empty
weigat for the C-119 was $29.06; the price per pound of useful
capacity, $40.43. The ratio of the C-119 price per pound of
empty weight to the DC-6 price per pound of empty weight is 1.03.
The two are very close in price per pound of empiy weight. How-
ever, oh a useful-capacity basis, the ratio of the C-110 price
pevr pound to the DC-6 price per pound is 1.3¢--indicating that
the DC-6 cost abour 34 percent more.

d. £-119 Versys DC-7

A total of 336 DC-7s was delivered, for a total of
§1,032,110,0¢0 (1370 dollars) paid to Douglas {Table J-8). The
total empty weight of the DC-7¥s was 23,154,000 pounds; total
useful capacity, 17,865,509 pounds. On s basis of price per
pound of eumpty weight, the DC-7 cost $44.58, on & basis of price
per pound of useful capagity, 3§57.77.

in order to compare the C-119 and the UC-7, we will find
the cost of the first 336 planes (Table J-3). The total RDY&E
aitd procurement Cost must be increased by 4.6 percent to account

I e L G R O
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Empty Yseful
impty Weight Capactty Totsl
Weight Delivered | Celivered Price Price Price
{thousand | Number {thousand | (thousand | (milidon {{mt11ton | (M) i0n
Year | Roded pounds) | Getivered | prunds) sounds} jcurrent §) § 1970 $) | 1570 S,
“hmmrasnd
1953 | b7 §6.3 1 28 615 1.60 2.28 ¢5.08
1954 | 0c-7,8.¢ | 69.0° T 3,312 2,548 1.93° .72 139,56
19585 | DC-7,8,¢ 69.0% 30 2,670 1,592 2,07b 2.87 86.56
1958 { 0C-7,8,C 59.0° §7 4,823 3,558 2.25b 1.08 206.13¢
1957 | 0C-7,5,C | 69.6° 23 8,787 6,529 2.32° 3.14 386.22
1958 {ne-7,8.C | 69.5° A 3,933 3,026 P14 .4 197.79
Tota! 336 23,154 17,866 1,032.1¢
3pverage wuight.
[bnvercge price.

for investment of government o3pi.al. The total program cost
for 336 £-119s is $377,323,580. Total empty weight delivered
care to 13,340,000 pounds; total useful capacity, 9,658,320
pounds. The price of the C-119 is then $28.07 per pound of
enpty weight and $39.07 per pound of ful capacity. The ratio
of the C-119 price per pound of empt, w~e.ght to that of the DC-7
($28.07/844.58) was 0.63. It appears that the price per pound
af smpty weight for the C-115 was about 37 percent less than
that of the DC-7. Op a basiz of useful capacity, the ratio of
the C-119 price per pound to that of the DC-7 (§39.07/3857.77)
was 0.68--indicating thaet the price per pouad of the C-119 was
about 32 perceat 1lsss thaa that of tag DC-7.

a. C-123 Versuys Convalir 240, 340, 440

When compering copmsrcisl and silitary programs in which
more commer: ial plaras were produced than military planes, we
pust use anotier mechoe. To es-imate projected cost: of the

ilitary aivc-safe (U-123), s least-sgusres rvegiession line was
firted through actual cost poiants. A progress curve wis then
drawn of the cunulstive average cos® versus cumulative gquantity.
The €-123 progras is shown in Teble J-7, and its prougress curve
is given in Figure J-1. Since on)y 472 C-123s were produced,
“he progress curve of Figure J-1 was extended te a production
J-?
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quantity of 563 planes (total number of 240s, 340s, and 440s
built). Developed on a cumilative-average basis, the curve
determined that through unit 563 the cumulative average flyaway
cost would have been $865,000. The RI'TGE spent on the program
was estimated as 50 times the cumulative average cos* of 100
units. Since the progress curve shows cunulative average cost
to be $1,220,000, the RDTEE would be $&1 million. The ~ost for
the entire program through 563 planes would be (RDTEE plus pro-
curement) as follows:

RDTGEE $ 61,000,000
Procurement (563 x $865,000) + 486,995,000
$547,995,000

Return on government investment X " . 046
=$573,202,770

Table J-7. C-123 PROGRAM DATAY

Unit Flyaway

Cost

Numter (mivlion

Year Delivered 1970 %)
1652 1 1.62
1953 186 1.09
1954 1640 0.82
1955 73 N.56
1856 42 0.82
1957 6 0.73

Total 472

aAverage empty weight: 31,050
pounds; average useful capacity:
26,950 pounds; RDT4E estimate:
$61 million (1970 dollars).

bFor comparison with DC-7, "“num-
ber delivered" ended here with
149 of these 164. Unit price
in 1954 is assumed.

J-8
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The program cost is increased by 4.6 percent to account for
government ¢apitai investment. This cost is divided by total
pounds (empty weight of one plane times 563 planes) to give the
price per pound of empty weight to the military. The empty
weight of the C-123 is 31,050 pounds. If 563 planes had been
built, the total emptv weight delivered would have been
17,481,150 pounds. Thus, the price per pound of empty weight
for the C-123 was $32.79. The price per pound of useful capa-
¢city was derived similarly: 3563 x 26,4950 pounds = 15,172,850
pounds of useful capacity; thus, the price per pound of useful
capacity was $37.78.

The previcusly derived price per pound of empty weight for
the Convair 240, 340, 440 was $27.55; price per pound of useful
capacity, $48.98 (see Table J-2). On an empty-weight basis,
the ratio of the military C-123 to the commercial Convair series
is 1.19 (the (C-123 cost 19 percent more per pound); on a useful-
capacity basis, the ratio is 0.77 (the £-123 cost 23 percent
less per pound).

f. €-123 Versus Lockheed Constellation Series

Erom the C-123 progress curve (Figure J-1}, we see that
had $19 {the number of Constellations built) C-123s bheen buily,
the cumulative average flyaway cost of the 519 pianes would
have been $880,000 (1970 dollars). The total procuvement cost
would theun be $456,720,000. The estimated ROTEE coszt was §ol
million. The cest of the progran pva;ected threugh 519 units
- would Lhén be tha sum of the RDTHEE and orOLur»ment §317,720,000,
This amount nust be 1ﬂhr93ﬂ€d by é & percrut, so that the total
<2t to the military for 51Q C-123s wouid be §541,500, §60. " Total
emp [ =&ight delivered kauld Se 16,110,000 nvuﬁds, Lata*»uaafu,»
capacity, 13,378,762 pounusi the cost of the £-123 is $a§ ag pér-
pound of empty weight and 3:9 (I per pouatd of useful-canacitfn,,
The Constellation &0ﬁﬁ:§31. per pound of empty nc;ght and’ ‘

e
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$41.24 per pound of useful capacity (see Table J-4). The ratio
of the C-123 price per pound of empty weight to the Constellation
price per pound of empty weight is 1,06, On a basis of useful

capacity, the ratio of the C-123 price per pound to the Constella-
tion price per pound is 0.95.

g. £-123 Versus DC-6

From the C-123 progress curve (Figure J-1), we note that for
537 planes (the number of DC-6s built) the cumulative average fly-
away cost is $£70,000. Thus, for a total of 537 planes, the pro-
curement cost would have been $467,190,000. Estimated RDTGE
spent on the program was $61 million, for a program cost of
$528,190,000. Since this figure must be increased by 4.6 percent
to account for government-provided capital, 537 C-123s cost 3
total of $552,500,000. Total empty weight delivered on 537
planes is 16,670,000 pounds; totel useful capacity, 14,322,174
pounds. Thus, the C-123 cost $33.13 per pound of empty weight
and $38.58 per pound of useful capacity. The DC-6 cost §28.11
per pound of empty weight and $30.13 per pound of useful capacity
(see Table J-5), Comparing the military and the civilian plane
on bases of empty weight snd useful Capacitngields ratics of
1.18 and 1.28, respectively. The C-123 ceost abour 18 percent
mOTA pev pound of cwpty weight than the DC-6 and abaut 8 per:
cent more per pound of useful capavity.

b, - C«123 Versus 0€-7

©Since more DC-7s were built than C-1i3s, it was not neces -

sdry to project beyond the actual number cf C-123s that were

built. The procurement and RDTEE fov 33& C-123s was 338?,320,06ﬁ5

in 1970 dollars (see Table J-7). To account for government capi-
tz)l investment, this figure is incregsed by 4.6 percent, to
§405,600,000. Total eapty weight delivered of 336 aircrafr is
10,420,000 pounds; total useful capacity, 9,324,538 pounds.
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Thus, the C-123 cost $38.94 per pound of empty weight and $43,50
per pound of useful capacity. For comparison, the DC-7 cost
$44.58 per pound of empty weight and 357.77 per pound of useful
capacity (see Table J-6). On bases of empty weight and useful
capacity, military and civilian plane comparisons yield ratios
of 0.87 ($38.94/844.58) and 0.75 ($43.50/857.77); the C-123 cost
roughly 13 percent less per pound of empty weight than the DC-7
and 25 percent less per pound of useful capacity.

i. C£-124 Versus Convair 240, 340, 440

The procuremciat figures for the C-124 zre shown in Table J-8,
and its calculated progress curve is presented in Figure J-2.

Table J-8. C-124 PROGRAM DATA?

Unit Flyaway

Cost

Number (million

Year Model « Delivered 1570 §)
1949 | c-i288 | 28 3.3
1950 | C-1244A 50 1.88
1951 C-1244,C 165 2.76
1952 | C-124¢ 1510 2.30
1953 | C-126¢ 52 7.33

Total 346

aAverage empty weight: 101,165 puuynds; aver-
age useful capacity: 115,23% pounds; RDTEc
estimate: $132 million (1370 dollars),

For comparison with DC-7, “number delivered” !
ended bere with 93 of these 153, Unit price
ta 1932 Vs assumed. o

b

From the progress curve {Figure J-3), we see tha! the cumuls-
tive averays cost of 100 C-124s is $2,640,000. Thus, the RDTEE
cost is estinated to be SO x $2,640,000, or $132 million. Had 363
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(the total number of 240s, 340s, and 440s) planes been built,
the cumulative average flyaway cost would have been $2,430,000
(Figure J-2). The procurement cost for 563 aircraft is
$2,430,000 x 563, or $1,368,090,000. The total program cost is
$1,500,090,000 (RDTEE + procurement). This total must now be
increased by 4.6 percent to account for govérnment—provided
capitel, for a total of §1,569 million, Total empty weight
aclivered for 563 aircraft was 56,960,000 pounds; total useful
capacity, 64,877,305 pounds. The cost per pound of empty
weignt for the C-124 was $27.55; the cost per pound of useful
capacicv, $24.18. The Convair 240, 340, 440 also cost $27.55
per pound of empty weight, but $48.98 per pound cf useful
capacity (see Table J-2). The two planes are equal in price
per pound of empty weight; but, on a basis of useful capacity,
the C-124 cost 51 percent less than the Convair 240, 340, 440
in price per pound.

3. C€-124 Versuys Lockheed Constellatian

The RDTLE cost of the C-124 is estimated to be §132 mil-
lion. In projecting the progress curve (Figure J-I) to unit 519
(total number of Constellations built), we see that the cumula-
tive average cost of 519 aivcraft is §2,450,000. Thus, the
procurement cost for production of 51% C-1243 would have been
$1,271,5850,000. Including RDT&E, the program ¢ost 1s then
$1,403,550,000. To account for governmant-funde. capital sup-
plied to the contractor, this figuve is iacreased by 4.6 per-
gent to a toral of %$1,468 million. Total pound” of empty weight
delivered for 319 planes wa: §2,300,000; total pounds of useful
capacity, 59.506,965. The C-134 cost $27.95 per pound of empuy
weight and §24.85 pev pound of useful capacity. From the analy-
sis for the Constellation {Table J-4), we saw that it cost
$31.5% per pound of empty weight and §41.23 per pound of useful
capacity. In comparing the military plane tc the civilian, the
ratio per pound of empty weight is 0.89; and the ratio per pound

J-13
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of useful capucity is 0.60. Thus, the military C-124 cost about

11 percent less per pound of empty weight than the Lockheed Con-
Stellation and 40 percent less per pound of useful capacity.

k. C-124 Versus DC-§

Estimated RDTRE for the C-124 is $132 million. From the
progress curve (Figure J-2), we note that through unit 537
(total number of DC-6s built) the cumulative average cost is
$2,440,000. Thus, if a total of 537 C-124¢s had been built,
they would have cost $1,310 million. The program cost would
vhen be $1,442 million. Since this total must be increased by
4.6 percent, the total program cost would be $1,509 million.
Total pounds of empty weight delivered for 537 aircraft would
be 54,300,000; total pounds of useful capacity, 61,881,195.
The C-124 cost 327.77 per pound cof empty weight and $24.39 per
pound of useful capacity. In comparison with the DC-§, which
cost $28.11 per pound of empty weight and $30.13 per pound of
useful capacity (see Table J-5], the military costs per pound
ef empty weight and per pound of useful capacity versus the
rommercial costs per pound of empty weight and per pound of
useful capacity yield vaties of 0.99 and 0.81, respectively.

1. €-124 Versus DL«

Projected costs are not needed for comparison here, since
more C-124s were producsd than DC-7s. The C-124's total cost,
including RDTEE, through 336 planes is $9€8,120,009 (Table J-8),
To account for government-funded capital supplied to the cen-
tractor, the rotal coit is increased by 4.6 percent, to total
$1,033 million. Deiiveriag 33,900,000 pounis of empty weight
and 38,718,960 pounds of useful capsacity, the £-124 cost $36.45
per pound of enpty weight and $26 .68 per pound of useful capa-
city. The price per pound of ezpty weight for the DC-7 is
$§44.58; the price par pound of useful cspacity, $57.77 {zee
Table J-6). The vatios of the cost per pound of ompty weight

J-13%




and per pound of useful capacity for the C-124 to the cost per
pound of empty weight and per pound of useful capacity for the
DC-7 are 0.68 and 0.46, respectively. On a basis of price per
pound of empty weight, the C-124 cost 32 percent less than the

DC-7; and on a basis of price per pound of useful capacity, 54
percent less,

2. Turboprop Aircraft - Case Study: C-130 Versus Electre

The Electra was the only turboprop commercial airliner
completely designed and produced in the United States. It was
developed by Lockheed and powered by four Allison turboprop
engines., Lockheed zlso developed for the 1.5, Air Force the
C-130 trapsport, powered by the same basic engine.

Table J-9 presents data for the Electra airliner. Note
that the total program consisted of 164 aircraft delivered
over the four-year period, 13958-61. Sales prices are shown in
both current and 1970 dollars. Total empty weight deliverad
was 9,212,000 pounds; total useful capacity, 9,320,700 pounds.
The total receipts from flyaway sales to the airlines wers
$492,670,000 (in 1970 dollars). In 1961-62, Lockheed reported
a total write-off loss of $123,738,000 on the Electra. This
loss converted to 1970 dollars is $153,337,360. Thus, the total
cost to Lockheed for the Electra program was $646,007,260.

He ce, for the Lockheed Electrs. the actual price per pound of
em ty weight was 370,13, and, per pound of useful capacity,
860 .31,

Table J-10 presents data for the C-130 similar to that for
the Blectra. Table J-10 includes only the {irst 164 C-1%0A4s
delivered sc as to normalize the numdber of military “areyaft fo
the total nunber in the Electirs program. We havi assumed ‘hat
the total wispon-systen wost for the first nine alrcraft was
made up solely of fivaway wnd RDTAE costs. Since there were s¢
few aircraft, the spares aud ground-support-equipment procure-

J-i6
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; .; Table o-9. ELECTRA PROGRAM DATA :
B g Empty Useful
b ¥ Empty Neight Capacity Tots!

3 2 Waight Deiivered |Delivered Price Price Price
A 3 {thousand | Number {thousand | {(thousand | (miT1don | {mi1lf0n | (million
. 2 Year | pounds) | Detivered | pounds) pounds} lcurrent $) | 1970 §)} 1 1970 §)
3 [ ;; 1958 56.0 12 672 584 2.053 2.74 32.88

B 1659 56.0 1907 5,8%2 §,099 2.26% 2.99 319.83
18690 56.0 24 1,345 1,363 2.29% 2.94 10.56
*
1961 | £7.3 i 1,203 1,170 2.600 3.30 _63.30
7 Total 164 9,212 9,321 492.67
3 Strengthenzd wing introduced ta production in early 1961, Af i 3
. | sarlier ware modified. i reveft delivered

Tadle J-10. C-130 PROGRAM DATA

3 Empty Useful ROTAE and | POTSE and
3 . Empty Weight Capacity Procurenent | Procurement
w Wetght Deltvered | Delfvered Cost Cost
S (thousand | Number {thousand | (thousand mitiion {millign
: . B Year | Model pounds) Belivered | pounds) pounds) current §) 1670 §)
1 [ * . = " o* -
G 1952 -- .- 0 - - 6.5% 0.72
e L 1953 [ ¥C-1308 |  59.33 24 2 423
Y 1954 3 2-130A §9.33 20 1.187 1,297 34.2° 132.54
ko 1955 | L-1308 | 69.33 38 2,848 2,114 1.0 162.40
fL 5 1956 [ .-1304 59.33 8¢ 4,984 3,449 168. ¢’ 23043
E 3 resy {ca13oa | a0 ¢ eI S i 600 .1

I Totad 184 g1 10,639 761.65

Yvatal program funds.

bF\waay gasts anrty.

C2art of an grder for 43 C-130A3: uafl price assumed vame a3 foe 198%.

. '3 ment in that firTst increment was probtably small. For the sub-
TS sequent years, we have used only the €1yaway costs, on the
assumption that the RDT&E phase should have been nearly com:
pleted afzer the delivery of the €irst nine aircrafe. Using
these assumptiocns, the enpty weight for the first 164 aivcraft
delivered vas 9,751,800 pounds {and the useful capacity,
10,£39,008 pounds), for a totel <ost te the Air Force of
§761,650,000 (see Table J-10}. To accouant for gsvernment:
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provided capital, the price paid to Lockheed should be increased
by 4.6 percent, for a resulting $796,685,900. Hence, the aver-
age price per pound of empty weight for the (C-130 program for
the first 164 aircraft was $81.87; the average price per pound
of useful capacity, $74.88.

The ratio of price per pound of empty weight for the C-130
versus the Electra was §81.87/$70.13, or 1.17; the ratio of
price per pound of useful capacity, $74.88/$69 31, or 1.08. In
other words, the comparison of these two programs indicates that
DoD paid 17 percent more per pound of empty weight (and 8 per-
cent more per pound of useful capacity) for the C-130 than the
commercial airlines paid for the similay Electra. Access to
data at Lockheed confirmed our general results. The C-130 re-
quired more production man-hours per pound than the Electra.

3. Jet Aircraft - Case Studies

a3, KC-135/(-135 Versus Boeing 707

The KC-135/C-135 was compaved to its commercial eguivalent,
the Boeing 707. Total empty weight delivered on 704 KC-13§/
C-135s (the total number of 7075 delivered through 1972) was
68,648,000 pounds; total useful capacity, 108,496,710 pounds,
The total procurement and RDTEE cost of $3,%90,360,002 (see
Table J-11)) incyeased by 4.6 percent for government-fuaded capi-
tal yields & total of $5,441,716,560, for a cost por pound of
empty weight of §50.14 for the KC-133/C-133 program and a cost
per pound of useful capacity of $31.72. Totul sales of the 707
came to $5,549,680,000 (see Tahle J-12). Total pounds of eepty
welight delivared was 89,134,000, for a price of 862,26 per
pound cf empty weight on the Boeing 7907, total pounds of useful
capacity was 118,056,373, for a price of §47.01 per pound of
useful capscity. The ratio of the price per pound of empty
weight for the KC-135/C-135 to the price per pound of empty
weight for the Bosing 707 is §.,80, the ratic of the price pery

J-18




PRI RPN WIS HE TSR I Poaedin gy o —rr ji
i
E
Ef
4 E pound of useful capacity for the KC-135/C-135 to the price per ;
- 4 2 pound of useful cgpacity for the Bozing 707 is 0.67. Thus, on
- § : @ basis of price per pound of empty weight, the KC-135/C-135
4 y Cost approximately 19 percent less than the comparable Boeing
1 Zi 707; and, on a basis ol price per pound of useful capacity,
- 3 33 percent less.
. Table S-11. KC-135/C-135 PROGRAN DATA
%{ . Empty Useful HRTRE and
g - : impty Weight Capacity | Procurement | Procurement
- - Weight DaViwesred 1 Celfvered Cost Cost
g - 3 {thousand | Number (thousand | (thousand | (mi1Y{on {militon,
B £ Year | Mogdel pounds) | Delivered | pounds) puuadsi fcurrent §) 1970 $)
T 1955 | KC-135A 97 23 2,813 $ 437 8.2 390. 3
3 y 1956 | KC-135A §7 68 6.596 10,404 295.8 405.25
E. 1957 | KC-135A 97 1ns 11,846 18,054 398.6 $28.9)
EIRE 1988 | KC-1354 37 136 12,610 15,890 368.6 492,08
3 1959 | KC-135A 37 81 7,857 12,393 216.5 283.35
5 3 1960 ; KC-1354 97 562 c 8,508 ¢
e £-135A 108 154 6.482 13048 mna 219.86
= ] 1961 | KC-135A 57 85 ¢ 1,94%) d
g S C-138A,8 | 105 20! 8.409 3,400 | 206.2 261.82
THNEE 1962 | KS.1354 97 B4 c 12,852 . 4
2 c 1388 108 ! 9.723 ee | M 347.09
4 g 1963 | KC-123A §7 28 2,016 4,283 83.5§ 80.64°
. : Total 104 $9.648 103,297 1,290 15
3 - - -
£ . Y "51saway costs only.
. _;,ié °4a ROTAL esttaate af 50 times %Re cumyiative average coss af 100 gaits, or
e $0 v $.38 ¢ 28%.00
"‘Thg tated sounmds delteered ace proratad Dy Ruantity sad weinzht of the tea sodels.
> ]
“Tatal Mlyaway osts for puth gragrami.
b3 "rart of & lov af §8; iaft grice tn 138) aysumed. _ o
N b. C-5A Versus Boeing 747
3 Developed at sbout the same tizme, the Lockheed C-3%A and
3 the Boeing 747 are similar in sice, technology, and aerodynamic
. perforuance charscteristics. However, scte of the festures in-
*ffz 3 covporated in the C-5A teanded to increase its cost per pound of
g 3 capty weight relative to that of the T47. In particulsr, the
3 £-5A is equipped with & sophisticated inortial navigation sys-
J-18
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Table 0-12, BOEING 707 PRUGRAM DATA

cmpty Useful
Empty Nelght cagagity ) Tots)
Weight Rettrered . NDeliyered Price Price Price
vear | Hogerd (thuuung Kumber (thcusand{ (thousa?a {mi1Yion . {mitidon : (mf¥iion
poundse) Oetivered | pounds) i sounds; current §} 1370 §) 1870 §)
1958 | 707-120 !
;g;;;gg’ 12 7 819 5.3 4.90 6.54 45.78
707.320 ¢ ‘
1958 » 17 72 5,541 10,147 .40 5.80 $23.60
1960 . 172 58 7,958 9,452 5.50 1.07 480.76
1961 "plus
;g;:;ggg( 124 3 1,364 1,422 5.90 7.45 82.59
7G7-420
1962 . 124 15 8,11 5,036 6.20 7.97 292.06
1963 v 124 28 5. 3,748 €.75 a.57 1 2302
1954 . 130 12 4,160 5,624 6.76 8.48 ;  2n.3
1965 ' 130 54 7,020 9,828 6.75 8.27 466, 58!
13686 . 130 7 10,010 14,013 7.00 8.19 §30.6.
1967 . 130 m 14,590 20,366 3,25 8.21 927, 13§
1368 . 130 m 14,430 20,202 2.59 8.2: 912,42
1969 . 116 53 7,670 ¢ 10,738 | 8.00 3.13 491,47
1970 “ 139 1% 2,470 ! IR 8.50 £.50 161.50
151 . 139 10 1,100 1.82¢ 14.00 9.72 $7.20
1912 o 130 _3 - 520 ] ir.50 9.86 | _sw.a3)
Total 70¢ 89,134 115,056 5.5¢9. 68
] - - - " B TR P . - - . -4
byears 1538-60 tasiude farr 707 models; subsecuert years izclude seven »pdals.
bﬂvert;e empty wetght far 31! models.
“Aversge price for all wadels,

tem, has a soft-field-landing capability, and ias both nose and
teil loading rsmps. The soft-field landing-geer and leading
ramps add weight as well as cost to the aivplame wd, on the
dellar-per-pound busis of our analysix, 22> npt be #igrnificantly
different from the sverage dollars per pound for the 747 empty
weight. However, the avionic cquipment certaialy tends te ia-
crease the price per pouad of the (-3A relative to that of the
-y

B A

Table J-13 gresents dara for the 747. The 787 will prob-
gbly remain in producition for & number of years. Numbers de-
livered during the first four yvears of its preduction life were
guite similar to numbers of DC-8 deliveries (see Table 13, above,

[
[l
[ 3]
[
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?i -f Ch. V). During the first four yesars of production, 197 747s we:e :
3 3 delivered, compared to 176 DC-8s. We will assume that total
gg;, j deliveries and production life-<ran will be the same as for the
. DC-8 (556 airplanes and 15 years).
- ] Table J-13. BOEING 747 PROGRAM DATA®
V;“f;? rrice Price
E Number (million (mfilion
T Year Delivered current §) 1970 §)
o 1969 4 16.0 13.8
k] 1970 92 21.0 21.0
’ 1971 68 23.5 22.9
E 1572 | _30 24.0 22.8
L Total 195
iéi-? *Average empty weight: 355,000 pouynds;
£ 3 : average useful capacity: 347,484 pounds.

Table J-14 shows prices ip curvent and constant dollars
for the Boeing 707-320. OQver the 15-year period, the price of
the 707-320 has incrsased at an average of 2Z.15 percent per
year in real terms. Assuming that the 747 will increase at

g'_ii | this same rate, its avergge price (at the migpeins of its pro-
S duction life) will be 214,800,000 x (1.5218) =~ 8§23 milliona in
Efﬁff 1970 dollars. Total veceipts from flyaway sales prices to the
] sirline would be 556 x $23 million = $12,800 million; snd empty
3 3 weight deliverad would be 556 x 355,002 = 197 million pounds.

E 'J% Hence, the price per pound to the airlimes would be

$12,800 million 7 197 siilioca = $64.97,

Teble J-i5 presents (- SA program -ost Jats. The current-
T3 year dollay figures bave be:'n converted to 1970 doliars by the
3 ‘?”1 cost index of Table J-1. A total of 81 ai-vlanes was built,

E Bnit flyewsy costs were converted to & cumulative-average basis
T 3
; i J-21




Table J-14. BOEING 707-320 PRICES

Current 197G
Dollars Dollars )
Year {millions) (miliions)
1858 5.4 7.2
1661 6.0 7.6
1¢62 6.2 7.9
19£3 §.8 8.6
1964 5.8 {8
19656 6.8 8.3
1966 7ol 8.3
1971 8.5 8.3
1972 10.3 9.7
T7 J-15, (C-5A PPOGRAM COSTS
} _Unit
“lraway
RDT&E Procurement Cost
{(million (million (million
Year 1970 §) 1970 §) Quantity 1970 §)
1964 -- -- --
1965 550. 6 -" - "-
1866 -~ 5 110.1
1967 728.4 8 T
1968 - 770.3 18 42,48
1069 -- 776.0 27 28.
1470 .- _778.9 23 32.9
fotal 550.6 3,030.6 81

and plotted on Figure J-3%, and a trend line was fitted through
the points. We have assigned all the RDTEE co-t ($550.6 million)
to tlie flyaway cost of the five RED aircraft. This data point
appears consistent with the four other data points of Figure J-3.
The resulting progress-curve slope is 80 percent, a typical value
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for aircreft progress curves, It is possible that there were
some other RDTEE costs not included in the $550.6 million figure,

In order to normalize the C-5A prozram prices for number of
aircraft built, it is estimated from Figure J-3 that the C-5A
cumulative average cost would have been $25.3 million f produc-
tion had been continued to a total of 556 aircraft, 7£-5A total
cost for a program of 556 aircraft would have heen 556 x
$25,300,000 = $14,060,800,000. This figure is probably somewhat
low for two reasons: (1) as discussed above, we may be missing
some RDTEE ccsts other than the five RED aircraft flyaway costs;
and (2) Lockheed lost money on the program. No attempt has been
made to correct for these two factors. Tu account for government-
provided capital, the price paid to Lockheed should be increased
by 4.6 percent: $14,066,800,000 x 1.046 = $14,713,872,800,

The empty weight of the C-5A is 321,000 pounds. Hence,
total empty weight for 556 aircraft would have been 536 x
321,000 = 178,476,000 pounds; and the average price per pound
of empty weight for a C-S5A program of 556 aircraft would have
been $14,713,872,800/178,476,000 = $82.44,

The ratio of price per pound of empty weicht for the C-5A
versus the 747 was §$82.44/864.97 = 1.27. The price per pound
of empty weight for the C-5A was about 27 percent greater than
for tho 747.

Using the same cost data as described above for the C-5A
and the Boeing 747, but comparing costs per pound of the two
aircraft on a basis of useful capacity (instead of empty weight),
our results showed the C-5A to cost about 6 percent less than
the Boeing 747, One argument for this change in ratios can be
explained by reference to our definition of useful capacity as
aircraft maximum gross takeoff weight minus empty weight. A3
mentioned previously, the empty weights of the two aircraft are
close, with the C-5A only 30,000 pounds lighter; but the maximum
gross takeoff weight of the C-5A is greater by approximately
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60,000 pounds than that of the Boeing 747. Thus, 8(,000 pounds
per C-5A alrcraft will be included in the total pounds to be
divided into the same cost used for empty weight. Actual useful-
canacity data for the C-5A are 556 x 424,821 pounds = 236,200,476
pounds of useful capacity; the average price per pound of useful
capacity for 556 aircraft would have been $14,713,872,800 /
236,200,476 = $62.29, osimilarly, for the Boeing 747, we would
have 556 x 347,484 pounds =~ 193,201,104 total pounds of useful
capacity; the average price per pound of useful capacity would
have been $12,800 million / 193,201,104 = §668.25. Therefore,
the ratio of price per pound of useful capacity for the C-5A
versus the Boeing 747 was $52.29/$66.25 = 0,94--indicating that
the C-5A cost about ( percent less than the Boeing 747.

¢c. B-52 Versus Boeing 707

In Table J-12, it was shown that the average costs por
pound of empty weight and of useful capacity for 704 Boeing 707s
were $62.26 and $47.01, respertively, The comparable data for
the B-52 are shown in Table J-16. The production quantity data
were taken from Project BACKFILL [24]; the cecst data were pro-
vided by the Cost and Economic Analysis Division, Comptrolier
of the Air Force (AFACM); and the empty weights for each model
of B-52 were taken from the USAF Standard Atrceraft/Missile

Characterietica (Gresn Book).

Before normalizing for quantity for the comparison with
the 707 progran, the total B-52 program cost (per pound of
empty weight) works out as  1llows:

Total flyawuy cost $8,030,600,000
Preproduction R&D + 245,100,000
$8,275,700,000
Factor for government capitalization x 1.046
$8,656,380,000
Total empty weight + 129,469,014 1b

= $66.86/1b
J-25
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Table J-16. B-52 PROGRAM DATA®

Empty Useful Total
Empty Wefght Capacity Flyaway
Weight Deiivered {Delivered Cost
{thousand | Number (thousand ., (thousand | {mi1lion
Year | Model pounds )} Delivered | nounds) {| pounds) 1970 §)
1952 | B-52A,B 174" 20 3,556 5,444 7548
1953 | 8-528,C 178 43 7,646 11,704 531.6
1954 | B-52¢C 178 25 4,445 6,809 236.7
1955 | B-52D 178 77 13,692 20,958 833.4
1656 | B-52D 178 93 25,313
B-52E 175 sof 23,528 117009f | 1-064.2
1957 | B-52E 175 60 16,513
B-52F 174 89: 35,012 24.500% 2,003.5
B-~-52G 17 53 16,801
1958 | B-526G 171 10N 17,293 32,017 967.9
1659 | B-526G 171 39 6,677 12,363 376.2
1960 | B~52H 173 62 10,710 19,546 769.7
1961 | 8-52H 173 _40 _ 6,310 | 630 | _45¢.5
Total 742 129,469 203,703 8,030.86
ApDTRE: $245.1 million (1970 dollars).
LbASSUMGd to be the same as models € and D,

Similarly, for 742 B-52s, the total pound:s of useful capac.ty
ave 215,682,48i. Dividing the final cost of 742 B-52s by the
total pounds of useful capacity, we find that a B-52 costs
$8,656,380,000 / 215,682,481 = $40.13 per pound of useful capa-
city.

To normalize for quantity for comparing with the 704-
aircraft 707 program, the cost and weight of the last 38 B-52H
sivcraft are subtracted from the program, resulting in the
following:
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Total flysway cost $7,562,630,000
Preproduction R§D + 245,100,000
$7,807,730,000
Factor for government capitalization «x 1.046
$8,166,890,C00
Total empty weight t 122,904,894 1b

= $66.45/1b

Similarly, for 704 B-S52s, the total pounds of useful capacity
are 203,702,601, Dividing the final cost of 704 B-S52s by the
total pounds of useful capacity, we find that a B-52 costs
$8,165,890,000 / 203,702,601 = $40.09 per pound of useful capa-
city.

The reason that the cost pe: pound at 704 units is less than
that at 742 units is that the increase in B-52 unit price due to
model changes is much greater with the later models than is the
decrease in unit price due to the learaing effect., This "tailing
up" is clearly seen in Figure J-4, which plots each year's B-52
production at the lot midpoint for the year against the unit
price for that year.

If (instead of subtracting the end production from the D-52
program) a progress curve is calculated from the AFACM dat¢ and
the total flyaway cost of 704 B-52s is taken from it, the results
are as follows:

Total flyaway cost $7,401,710,000
Preproduction RED + 245,100,000
$7.646,810,000
Factor for government capitalization x 1.046
$7,998,560,000
Total empty weight + 122,904,854 1b

= $65.08/1b

Similarly, for 704 B-52s, dividing the final cost derivad from
a progress curve by the total pounds of useful capacity, we find

J-27
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that a B-52 costs $7,998,560,000 / 203,702,301 = $39,27 per
pound of useful capacity.

The results, vhichever way is used, usre surprisingly close
vo the $62.26 per pound of empty weight (and the $47.01 per pound
>f useful capacity) {or the 707.

4, Jata for Aggregated Comparison

Table J-17 presents in tabular form the data used to make
the aggregated comparison of military and commercial aircraft
presented in Figures 19 and 20 of the main report.

B. COMPARISON OF MILITARY AND COMMERCIAL SHIPS

Navy combatant ships have many features and much equipment
not found in commercial ships, and any valid comparison of con-
struction costs of Navy and commercial ships would be most
difficult. Further, since regular Navy auxiliary shipsz are de-
signed to operate with fighting fleets, they nearly always have
extra features (such as equipment for underway rveplenishment of
ships at se2) that make their constructicn costs higher than
those of comparable commercial ships.

The Military Seslift Command {MSC) is responsible for ship-
ment by sea of supplies, material, and personnel of the three
services., M5C has vmbarked on a "Build and Charter" program,
under which contracts are let to commercial firms to build ships
to MSC specitication for charter on a long-term basis. MSC con-
tracred in June 1972 for nine 25,000-deadwsight-ton (DWT) tankers
unrier the "duild and chaster" arrangement., The only "build and
~harter" ship now in service is the Admirel Callaghan, 8 ToOll-oOn/
roll-off (RO/RO) ship built in 1967.

Case studies for both the tankers and the A0/NO ships are
presented below., They were compared on a basis of anit price
versut waight.

J-29
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Tabje J-17. DATA USED FOR AGGREGATED COMPARISON OF
MILITARY AND COMMERCIAL AIRCRAFT PRICES
Cumylative | Cumulative ]
Cumulative Average Average !
Averaae Empty Useful Quantity
Cost Weight Capacity of !
a (miltion (thousand {thousand | Aircraft
_”Hw—_éjrcraft _ Type 1979‘5{* poundsz»‘( DOundslﬁ_ Produced
uilicary i :
i i !
€-119 P | 0.99 ! an : 29 1.036
L c-123 P 1.08 no 27 ! 472
C-124 P 2.90 I 115 stk
c-130 T 4.46 i 59 ° £5 600
C/KC-135 J 3.61 ; 9R 154 777
C-141 J 8.59 | 138 144 284
C-5A . 44.96 | 321 | azs el
L B-52 P .67 ! 17 291 742
P C-123 P 2.97 | 73 ‘ 72 117
[ K£-97 LoP 1.84 ; AR e 210
g €-133 T 12.47 ; 117 | 172 50
i Cemmerzial : |
| Convair 240,340,43¢| ¥ 0.8 | TR e 563
i Constellation L 2.1 i 67 f 53 5§15
| DC-6 P E 1.47 | 52 i 49 537
0C-7 p ; 3.07 ‘ 69 | 53 336
Lockheed Electra T 3.ea® 56 | 57 164
Boeing 707 3 7.88 i 127 | 168 08
DC-8 {9 1 B30 135 | 174 556
Boeing 747 S ozv.ee 385 34 S
Boeing 727 J 5.64 t 8e | 78 Buf |
Boeing 737 I 378 i 58 i 39 31 |
Mar:in 202-204 P 0.58 | 27 i 11 103
bC-9 J 4.00 ! 49 SEE €49 |
Lockheed L1011 | J 18.00 , 250 196 17
Jetstar J 1.79 | 22 20 150 |
Gulfstream | T 1.32 22 15 200 §
Gulfstream i1 J 2.90 17 29 29 |
Learjet J 0.72 7 7 325 5
Convair BR0O-990 J 9.70¢® 100 115 124
Fairchild F-27 T 0.95 2s | 9 126 ’

% = piston; T = turboprop; J = pure jet.
bInc)udes reported losses of Lockheed.
“Approximate.

98¢ of February 1969,
®Inciudes raported losses -~ f feneral Dyramics.
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i. Case Study: MSC 25,000-DWT Tankers Versus Commercial
Tankers

Nine ¢5,000-DWT tankers, all of which will be owned by
Marine Ship Leasing Corporation, are being built under the
"build and charter” program. Five of the ships are beinz built
by Bath Iron Works Corporation, and four by Todd Shipyards
Corporation, Price per ship for each group is $16 million.

All tankers between 25,000 and 120,000 DWT under construction
and on order in U.S, vards as of 1 February 1973 are shown in
Table J-18.

Table J-18. U.S.-BUILT TANKCR PRICES™

| Unadjustes | R
Rumber Ynit Price Mean TRt Price |
of Readweight {mitlign Delivery feitlign |
Builder Tankers Tong current §) Date 1673 ¢ !
For MSC ]
Bath § 25,000 16.0 Re74 16.° '
Todd 3 25,000 6.0 1 a/7e ve ~
Far Commgrotql
gooratory |
Bethlehem Sveel 3 120,000 31%.0 AR 1A
! Bethlghem Steel ! 69,800 18.19 £773 0 1% ¢
jethiehem Stael 1 120,008 i in.n Py LRI
Gundersan 3 38,000 18 ) i 1278 | vg 3
National Stee! 3 38,300 i LI R T
Natiunal Step! 3 94,000 l ér.s % LA T F
Sun Shipbuiltding 1 82,002 | LR LER S I 1o
Todd 3 35,030 13 4 | orrers 'h &
. . - [VIPRRNN 3 o %

'A?l tankers bhetweenr ¢5,Q000 and 120,000 99T undar comstruction ang 3n
order, ! Februzry 197),

Sources: Februepy I, 18P, Nerokawxt Thigphuildies veeowr, Shipbyildery
Counci?! of America, Wasaington, 2.0, and Wershiur Tir ec
fatea Shoete, Ma. . ime Adefaigtration, U3, Ospartrent af
Conmerce.

b
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Since 1969, shipbuilding co.ts have been increasing at
about 5 percent per year (see Tﬁ%le J-19}. The uverage delivery
date uf the nine tankers for Mﬂb (August 1974) was taken as the
base date, and prices for deluvery dates of commercial tankers
before or after that time were adjusted in the last column of
Table J-18 to reflect the S-percent-per-year increase in ship-
building costs. These adjusted prices versus DNT are plotted
in Figure 21 (see Ch. V, above). The price of $16 million for
the MSC tankers appears within the norral commercial price trend
for vankers from 25,080 to 120,000 DWT.

Table J-19, [INDEX OF ESTIMATED SHIPBUILDING
COSTS IN THE UNITED STATES

Percent F ' | Fercent
Year | Index § Increase Year | Index | Increase
| , ,

1558 | 285 - } 1966 | 318 1.%
19459 292 PN 1467 n §.1}
1960 295§ 1.0 1368 343 2.4
1961 297 0.2 1969 359 &.7
1962 299 0.7 1§70 378 l 5.6
1963 1 303 1.3 14921 g% | 5.3
1964 1IN 2.6 19tz | 418 t 4.8
198% 313 Q.¢é y
Source:  ImJer of Jptimpres JROcELTimy Crate

‘w the Ynited Jtzree, Ma-itime Admini-

stratisn, U.5. Department of {ommerce,

31 May 1972 B

&. Case Study: Rol1-OnfRoll-0fF Satps {MSZ Versus Commercial)

Table J-29 lists the RO/RC ships delaivered By U.S. shipvards
thyough 1970, The first twe ave owiaed by MS(, and the third iz
under loag-term charter te MSC. The remainder are in commercial
servicg.  The total acquisit.on cost: for the “s4¢t and Je;. 2

were comes hat higher than those shown in Tabl: 1-208 i{saee note,
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Table J-20. U.S.-BUILYT ROLL-ON/ROLL-OFF SHIP PRICES

Price,
Adjusted
Contract to 1967
] Price Detivery
Gross (mitlicn | Delivery | (m§1lion
Builder Ship Tens | eurrent §) Date 1967 %)
MSC or
M8C-Charterad E
Sun Shipbuilding | Comer 13,992 1 1.00° 1/58 12.8
Lockpead Sealife 12,000 | 15.90° 4/67 | 15.9
Sun Shipbuilding | Ada. Callaghan | 26,300 20.09 12/67 20.0
Commeratul
Sun Shipbuitding | Ponoca de Zeon 20,900 20.00 3/648 19.3
Ingalls Msrmacesy 14,400 15.95 4/69 4.7
Ingalls Mormaoaky 14,400 15.95 7769 14.7
{naalls Mopmgetar 14,400 15.85% 3/69 14.7
Ingalis Mormissun 14.400 15.80 24170 14.7
Sun Shipbuilding | Erfe X. Kotwer | 20,800 12.08 12470 16.4%
Sun Shiphuilding | Portalesa 1%,130 23.20 12472 18.8
'Acquistt1on costs obtained from MSE were $11.952 miltian {Comet) and
$17.00% mitlton {Sealift). The differeate is duye to eguipaent Aot in-
cludad in builder's contract peige.
Source: Shipbetlders (Louncil of America.

Table J-20). We have used the builder's contract price for all
ships, since they were all obtained from the Shiphuilders
Council of America and should be the most comparable prives.
Contract prices have been adjusted in the last column of

Table J-20 to a 1987 delivery date by nse of the cost index of
Table J-19. Those 1967 prices ave pleotted versus gross toas in
Figure 22 (see Ch. 7, above}. The price of the Admipgl Callaghax
was prebably increased semewhat by the installation of a gas-
turbkine powevrplant. The Admiral Cillzgkan was intended to in-
vestigate tha feasibility of large gas-tuibine-powered +higs.
All the other ships are equipped with copventionil steas power-
plants.
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As Figure 42 indicates, prices of the MSC RO/RQ ships lie
within the normal range of commercial RO/RO ship prices.

C.  WHEELED VEMICLES

Section D of Chapter V presented statistical results for
the comparison of military and commercial wheeled vehicles.
The data points nf Figure 235 and the analysis were based on
the dats in Table J-21. Vehicles are listed by name, number of
axles, price in 1970 dollars, and curb weight--for both milsitary
and commercial vehicles.




Table J-21.

WHEELED~YEHICLE DATA

Number Price ‘Weight
Vehicle Designation of Axies (1973 $) - | (pounds)
Comrzreial Vahkicles
Ford U900 3 21,288 13,170
Ford U815 3 25,525 13,515
Ford FBG3 Fa 8,190 6,225
Ford FBO8 2 9,410 6,625
Ford X905 3 24,6894 13,5758
ford X908 3 24,475 13,615
Ford €907 2 11,650 7.875
Ford €915 2 12,908 7,585
Ford 1904 Z- 21.35¢8 10,738
Ford 1903 2 22,3353 10,880
GHC MH9670 3 21,339 13,405
GMC MHGZQ0 3 e2,074 13,590
GM{ HHZEN 2 8,203 1,280
GNC CE6670 2 5,259 6.835
GNC 019692 3 2z 141 13,160
GRC Dl9202 3 22,216 13,195
GNC TVZ73Y 2 11,990 §,400
GMC FRY872 2 12,614 10,833
IR F4270 3 27,322 13,693
IHE L0850 2 g,141 7,827
[HE COF&G? 3 27,688 | 13,s0%
| HC CO1810 2 0,008 | 9,282
IRE C04§270 2 24,209 12,31
Commercial HEY 4 $£9,099 3.58%
IHC 8500 3 56,008 ;10,000
Kenworth B%82 3 §5.0048 | 65,080
RACK FE7IZX 3 5 . 0(D 37.900
IHC Pick-up, 16710 C&L 2 2,942 3,138
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Table J-21. (contirued)
Number Price Weight

Vehicle Gesignation of Axles (1873 %) {pounds)
IHC Pick-up, 11/10 C&C 2 3,052 3,209
IHC Pick-up, 10/10 8 foot 2 3,130 3,302
IHC Pigk-up, 11/10 8 foot 2 3,216 3,619
IHC ®ick-up, 13/10 C&C 2 3,834 3,513
IHC Pick-up, 13/10 8 7oot 2 3,999 3,923
IHC Travelall 100, 4x2 2 4,125 4,271
IHC Travelall 200, 4x2 2 4,381 4,504
IHC Travelall 100, 4x4 2 5,014 4,467
IAC Travelall 200, 4x4 2 5,168 4.741
IKC Scout, Wagon, 4xZ 2 2,578 3,370
IHC Scout, Wagon, 4x4 e 3,676 3,600

{ THC Scouv, Cab Top, 4x2 2 2,832 3,280

IHC Scout, Cab Tap, $x4 2 3,521 3,500
Military Vohtiolas
Truck, Ambulance, X38365 2 4,632 3,700
Truck, Largo, X39%598 2 ¢.,240 3,580
Truck, Carryall, X42064 2 3,178 3,235
Truck, Delivery, X5453) 2 3,6/9 §,400
T-uck, Panel, X54805 2 3,050 2,950
Truck, Staxe, X56038 z 2,540 4,460
Truck, Stake, X56449 2 i 4,225 6,894
Truck, #26 3 74,016 27.700
Truck, M123 3 42,713 25,658
Truck, M3l19 3 18,385 34,490
NET, XM T46 a 86,000 48,700
AET, Adustere 4 81,000 46,000
M561, 1-1/4 ton 3 13,364 7,480
N66, 5 ton 4 20.000 16,150
ME56, S ten, w/wench 4 20,500 16,720
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Table J-21. (concluded)

Number Price Weight
vehicle Designation of Axles (1975 §) (pounds) |
M454, Fire Truck 3 26,420 16,140
Truck, 3/4 ton 2 5,207 5,958
Truck, 2-1/2 %ton 3 13,035 15,500
Truck, 5 ton 3 19,385 24,000
Truck, 1/4 ton 2 3,701 Z,487
Truck, 8 ton 2 58,596 313,835
Truck, LF, 6,000 pounds 2 32,526 .| 20,000
Truck, LF, 10,000 pounds 2 44,204 30,760
J-37




