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FOREWORD

(U) This study (S-474) was conducted by IDA at the re-
quest of DARPA, under Task Order T-121: Technical and Economic
Analyses of Standardization and Independent Subsystem Develop-
ment, dated 12 March 1975. Technical cognizance for the task
was provided by the Assistant Director (Planning), ODDR&E.

(U) The study is published in two volumes. Volume I con-
sists of the main part of the study, plus the unclassified
appendixes (A through H). Volume II, which is published under
separate cover, contains the classified appendixes (I, J, K,
and L).
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SUMMARY

A. INTRODUCTION

This study examines the development of subsystems by the
U.S. military services. However, it examines only two limited
aspects of such developments, namely, when they should be ini-
tiated and whether or not they should be under the direction of
the system program manager. The study focuses on the develop-
ment of operating hardware (full-scale development) rather than
on additions to the technology base. In particular, it empha-
sizes the development of long leadtime subsystems and items
that can be used in more than one system and therefore, might

be standardized.

We emphasize that the study dsals with no more than the
above issues. It does not examine the basic process of sub-
system development, including issuzs of engineering, design or
test. The problems that occurred in some of the developments
discussed in this study would not be affected by the policies
discussed. As stated above, the only issues addressed are the
timing of the initiation of subsystem development and the loce-

tion of responsibility and control for that development.

The primary results of this study are a set of guidelines.
They are intended to be of general assistance, but not to be
adhered to rigidly in making decisions about initiating early
development, independent development, and standardization of
subsystems. The primary data base consists of a limited number
of case studies of varying quality and completeness. The gen-
eralizations we have attempted to draw from the data (case
studies) are sometimes contradicted by other, equally credible
data. Consequently, the apparent lessons must be viewed with
caution. Uncertainties about future systems reduce the appli-
cability of standard market analysis to questions of standarc-
ization. The case histories and the limited analytical refer-

ences that can be drawn from them do not support sweeping general
ping g
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conclusions. Therefore, to derive the general guidelines, it
was necessary to supplement the case study data base with the
use of judgment, based on the observations of the various au-
thors. Although the data base 1s small, thie guidelines have

nevertheless appeared useful in a number of test cases that

were conceptualized to explore their consistency and we con-
sider them as candidates for further consideraticn and review

by ODDR&E.

B. DEVELOPMENT PROBLEMS AND THEIR COSTS

The development of complex military systems is beset by
many problems, a limited set of whieh are dealt with in this
study. The problems addressed are all covered by DSARC instruc-
tions. Development slip ups seem to occur through excessive
optimism, excessive risk-taking, inadequate engineering, or poor
program management or the inability of the DSARC Review Commit-

tee to adequately challenge the information laid before it.

(@)
b

In the development of major weapon systems, the following

problems, which are costly in terms of dollars, have occurred:

Poor field reliability of systems, caused by
excessive concurrency between the development
f the system and the development of its major
subsystems.¥

“
o

2. Schedule slippage of major programs, caused by
nadequate or late development of a pacing,

ritical sSubsystem.

satisfactory performance of a major system,

cause of the lnadequacy of an important sub-

rstem. (In an extreme situation, the entire

velopment may be aborted.)

n

A
oc 0

&2}
0 <

o)

Possible solutions to these problems may alsc impact on

the following subsidiary problems:

b, Lack of competition in the military equipment
market after the award of the development contract
or the initial buy. This places the Government
at the mercy of the sole supplier and can result
in excessive costs.

¥
This does not imply that the named causes are the only
causes of poor field reliability and schedule slippage.
In this study, we concentrate on the named causes.




5. Proliferation of subsystems intended to perform
similar functions, with attendant high production
costs traceable to small volume and high logistics
costs traceable to noninterchangeability.

’ Crude estimates of the dollar impact of these problems are

as follows:
® Poor field reliability, resulting from 3
concurrency, is quantifiable for the A-TD aircraft
(see Appendix K) and is about 10 to 20% of tkw
total program cost. Assuming that the S
portion holds for all other aircraft,
vehicle systems, the total impact is e

$1-2 billion in FY 76. If ship programs
cluded, the impact is substantially greater.

. (COST overruns, due

¥ According to Ref. 13
the ratic of current est

causes defined as

to planning estimate, averaged 40% in the fiv

years from 1969 to 1973. If this factor is applied
to the 1974 procurement budget (about $17 billion),
cost overruns would amount to nearly $7 billi
However, only a fraction of this can be attributed
to schedulr overruns. The GAO, for example, has
estimated in Ref. 9 that vcrrﬂuWe overruns cost
$347T bilildon Snac¥ SgEl

C. POSSIBLE SOLUTIONS

In this study, we consider in detail a restricted set of
possible solutions to the above problems. We make no claim that
the subsystem development policies discussed in this report are
a panacea for the problems that beset military procurement. At
best, the subsystem development policies discussed can deal only
with a limited portion of the full spectrum of procurement prob-

lems. Nevertheless, we believe that early development, ind

e_
pendent development and standardizatiocn of subsystems are de-

sirable 1in some instances. We believe further that we have
devised a scheme for identifying such cases. The development of
some subsystems requires a long leadtime. One p
improve poor field reliability and schedule slippage, caused
by concurrent or lnadequate development of such subsystems, is
to institute a policy of "early development." This policy calls

for the development of s

@

9 -~ . o] $ v o ~ .r v
lected, long leadtime subsystems for
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might remedy some of the problem of concurrent or inadequate
development. But it carries with it substantial risks. PFor
example, subsystems may be developed to specifications that
don't match those needed for the system into which the subsys-
tems must eventually fit. Moreover, in some cases the using
system may never materialize. However, the existence of the
developed subsystem may then ease the development path of
another system specifically designed to use it. The case stud-

ies have several examples of thils serendipitous occurrence

—

1ich attests to the general flexibility and continulity of the

Another policy that we explore is the development of sub-
systems by an organization outside the control of the program

manager of the system for which the subsystem is earmarked.

This is "independent develcpment," in contrast to "directed
development ," which is under the control of the program manager.
Independent development makes it possible to emphasize the design
and development of subsystems suitable for use in seversal sys-
thus, subsystem proliferation can be reduced. In some situ-

it might lead to standardization of certain subsystems.

This would increase the total number of procurable, identical

subsystems thereby attracting other vendors to the market. Such

»

situation could lead to comnetition and reduced costs to the

iovernment. Independent development and standardizatior both

carry with them the risk that a developed subsystem may not be

renrd
€A .

The described policies are studied in detail in the main
part of this report. Developed guidelines for their applica-
tion are also described. None of the policies conflicts with
current DoD or OMB procurement guidelines, although the acqui-
sition structure of the military system tends to discourage

such policies, even when they appear desirable.

We reiterate here that this study focuses con engineering
(full scale) development. Additions to the technology base
through research and advanced development are not under investi-

gation here, although their importance is recognized in arriving
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t the "state of the art" that permits the development of suc-
sful

operating hardware. We note further that the intro-

oQ
(4]
Lf’

duction of a component or subsystem into engineering develcp-
ment 1s usually a commitment to spend at a significantly

greater rate on that item than in previous developments of that
item. We show in Chapter I that the average DoD project (line
item) in engineering development (Category 6.4) is funded at a
factor of about 2.4 times the funding of the avercge project

in advanced development (Category 6.3). These averages were
taken over the three fiscal years 1973-1975 across the three
military services excluding DARPA. There are of course sub-
stantial variations from this average factor among the ser-

vices and especially among projects.

D. ANALYTIC METHODS

Our main analytic tool is a set of case studies. With it
we have assessed the contribution that the policies of early
development, independent development (ID), or standardization
of subsystems might make towards sclving the problems we have
enumerated. Table 1 shows the particular subsystems, and the

using systems, that are central to the case studies.

Each case study includes a summary of the subsystem/system
histeory. It assesses problems that occurred during the develop-
ment program, or after deployment of the system. It then con-
siders whether ID, early development, or standardization would
have been possible, and whether the policies would have been
appropriate and beneficial to the particular subsystem/system
development. The assessments are qualitative, except in one
case where costs are roughly calculated. A set of guidelines
is deduced from the case study findings for each of the three
types of decisions: whether to undertake early development,
independent development, or standardization of subsystems.

These guidelines are then applied to the four following sub-
systems to show how they might be used in making decisions:
turboshaft engine, alrborne computer, inertial navigator, and
correlation guidance system.

o 52

e e T kLT w2




—

T

=

KEY:

v AL e ™

Sy

I.

¥.
i3 4
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VII.
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1.
2
3.
4
5

TABLE 1.

CASE STUDY SUBSYSTEMS

How Acguireda
b

Directed development
Early development
Independent development

Independent development and standardization

Inherited

etc. (Proposed)

_ Subsystem 5 Using Systems - O Reference”

AIRCRAFT ENGINES
A. Shaft Engines

¥. [=53 UH-1, AH-1 v v A

2. T-64 H-53, AH-56A, XC-142, others v % B

3. T-700 UTTAS, AAH, LAMPS % v (Ch.)

4. Navy proposal UTTAS, AAH, LAMPS, HXM v v (Ch.)
B. Thrust Engines

1. F-100 F-15 v H

2. F-100 F-16 v H

3. F-401 F-14 % H
RUCKET MOTOR SRAM v E
TANK ENGINES
AGT~1500 XM-1 (Chrysler version) v E
AVCR-1360 XM~1 (GM version)
AUTOMOTIVE TRANSMISSIONS
X-200 M-113 v (4
X-300 MICV Proposed v C
X-1100 xXM-1 v v €
HELICOPTER DYNAMICS
Bell UH-1, AH-1 v v A
Lockheed AH-56A v B
AIRCRAFT WEAPONS
Chin gun turret AH-1 v (Adapted from IRAD)d A
GAU-7 F-15 v D
RADARS
APG-63 F-15 v (Contractor) J
WX-200 F-16 v (Contractor) J
SPG-49 Typhon v I
ANSPY-1 AEGIS v I
AVIONICS
SCAS UH-1, AH-1 v A
[HAS Various helicopters v B
ARBS A-4M, Harrier v G
Proposed standard INS F-16, C-135, C-141 v V (Ch.)
Standard airborne computer F-18, LAMPS, etc. v V (Ch.)
IR SENSOR
Stanaard FLIR 0v-13, UH-1, F-4, etc. v F
GUIDANCE
Aimpoint Mace, Matador, Pershing II, ' vV (Ch.) & L

bThe second user of a subsystem is considered

d

XV

to have inherited it.

CExcept for Chapter V, there are appendices giving
detailed developmental histories.

Note that

Chapter V contains guideline tests applied to

four new subsystems.

Independent Research and Development (IRAD).
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E. CASE STUDY FINDINGS

1. Setting Performance Requirements

A major cause of failure to complete a development is that

performance requirements may be set to or beyond the avatlable
technology. Examples are the F-401 engine and the GAU-T7 gun.

Examples of near-failures are the F-100 engine and the SRAM
rocket motor. However, it 1s also possible to mitigate the im-
pact of over-ambitious requirements. In both of these cases,
the requirements were reduced and the system development then
completed. Counterexamples that illustrate the opposite side
of the difficulties caused by excessively ambitious require-
ments are the T-53 and T-64 turboshaft engines. Both of these
subsystems were within the demonstrated state of the art and

both were very successfully used in a number of operational

systems. In these cases, the flexibility and potential growth
had a high payoff, even though the engines may have been less
ef

+

ficient than they might have bteen in individual applications. i

2. Undertaking Engineering Development

A o Ay 7 VT IO D + £.0.47 0 5 ¥ o A > heo s
A second cause of fuilure, related to the first above, may ;
be that engineering development 18 undertaken before sufficient

knowledge about the technology is available or because an attempt

.

s made to make several

. fieant technological advances in «a
single development. Examples are the Typhon radar and the

GAU-7 gun. The rocket motor for SRAM was a near-failure that

was saved by easing off requirements along with intensive and
expensive effort. On the other hand, examples of successful
developments are the dynamic system of the UH-1 and the AH-1
helicopter, the UH-1 Stability and Control Augmentation System
(SCAS), the Angle Rate Bombing System (ARBS), the standardized

Forward-Looking InfraRed (FLIR) system modules, and the APG-€3

and WX-200 radars, all of which were based on available technology.

XV
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3. Limited Help of Early Development

Early development could help to deal with these causes of
failure only in a limited way. An investment in early develop-
ment of a subsystem could have a high return. But there is no
certain way of evaluating this, because the statictics are un-
availlable. In addition, it is coften only clear in retrospect
that early development might have led to more flexibility
"downstream". The examples suggest that the cost of additional
effort may be pald either at the beginning or at the end of a
program. The guidelines for early develcpment developed in
this study, if carefully used, might help improve the chance of
a more orderly system development process with less chance of
delay and cost increases. In the case of a long leadtime item,
early development would provide more time to exploit the tech-
nology, tc explcore different means of achieving a goal, and to
provide an early warning that a goal may nct be achievable.

In this regard we note that the long develorment times that are
associated with so-called long leadtime items are sometimes
over-estimated at least for low risk developments. For example,
in the case of engines, the time of development after a demon-
stration engine has performed satisfactorily is between two and
three years. This 1s exemplified in the development schedule
of the T-64 engine (Appendix B, Fig. B-1). After the first en-
gine run, the preliminary flight rating test (FFRT) was com-
pleted in less than 15 months. The qualification test was com-
pleted in about 33 months. Apparently, flight test engines
reflecting the state of the art can be available in a little
more than a year, and most of the remaining time is spent in
gualifying the engine. Scheduling of this type seems typical
for most of the long leadtime items that were included in the
case studies, if they represented low risk developments. Guns
are perhaps the only exception. They take a longer time to de-
velop, particularly if new ammunition is to be developed also.
This suggests that state-of-the-art techneclcgy can be made
available to a system, without early fullscale development.

However, if a large jump in technology is attempted, as in the

XVi
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case of the F-401 engine, more time is likely to be needed.

Early development is one way by which to acquire more develop-

ment time. On the other hand, early development runs several

The using systems may not materialize. An example
is the T-64 engine. The requirement specified
three intended users. Only one materialized,
although other initislly unexpected users appeared.
The family of automotive transmissicns has been
available for a substantial time, but is still not
used in a field system. However, two of the
family have been selected for use in the MICV and
the XM-1 tank and therefore are likely to be
fielded in the next few years. There are no
candidate users for the losing engine in the XM-1
competition, but this can be regarded as a cost

in taking different competitive approaches to
solve the problem. All other successful subsys-
tems among the case studies actually were used

or are likely to be used in operating systems.
However, few of these were early developments.

The potential using system development may be de-
layed, so that the technology in the early developed
system may be obsolete by the time it gets used. To
preclude this occurrence, an early development should
have capability for growth or improvement. Alterna-
tively, it should be possible to adjust the user
system design to accept the developed subsystem. In
some cases, this may mean that the basic subsystem
will be overdesigned, so that such improvements can

be accepted without redesign. Examples are the
T-53 and T-64 engines. Both engines were over-
designed for their first use and were subsequently
uprated as power requirements increased. This
versatility was useful, but it was obtained at the
expense of the potential performance of the first
Users of the' engines. This econtrasts with the
T-700, a new current state-of-the-art engine that
cannot be uprated withcut extensive further devel-
opment. The $=700 1s 1ight and effiecient, but it
may not be powerful enough for some of its intended
users (as discussed in Chapter V).

The development goal parameters change before the
system is completed. The degree of this risk
depends on how readily the subsystem design can

be changed to match new requirements. Every early
development in the case studies, including the de
facto early developments, was originally tailored
to performance parameters that were changed when

xvil
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the uslng systems' actual characteristics became
known. Examples are the T-53, the T-64, the
various autcmotive transmissions, the radars, and

the tank engines. The original turboshaft require-

ments called for too little power, and initial
power upratings of 20-30%7 were necessary. The
e

users. In the o
powerful) transm
d to increase with t
for tank engine powe
power of the current )
of the F-15 and F-16 wh
company-funded developmen 1
ances actually exceeded the re
in all early development cases
possible tc change the c¢
system so that it was ab
performance. Conservative no ; :
essential for these subsystems have the
to change without substantial redevelopment.
the other hanﬂ, if a substantial perforrmance
is wanted, it may be necessary cptimize t
sign for one spf of characteri cs, a
tailering to match anofher set F-be difficu
The example hcre is the T-700 rine, which was
optimized for its present p<we” and cannot be
easily uprated for use in other systems More-
over, the T-700 may not be powerful enough for the
systems it 1is currently programmed for, and a we*'ht
limitaticn has been placed on these sy Qfer Aircraft
requirements (and weight) tend tc grow “urlng devel-
opment, and engine power limits obviously interfere
with this process. Control of weight growth is
clearly desirable, but an absclute limit creates
pressure for a new development. Such pressure
becoming observable in the case of the Utility
ical Transport Aircraft System (UTTAS) and the

ced Attack Helicopter (AAH) (see Chapter V).

(¢

seé of the top-of-the-line

on, the regquirement has

me glong with the require-
row 1500 HP, double the
tank. In thc case
ch were originally
botential perform-
nents However,
it was

members of the Army vehicle transmission family

are still not used in any operational system.

Their power ratings have been adjusted several

times in anticipaticn of the requirements of pos- ]
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The subsystem may be rejected by the program manager
or prime contractor cn the grounds that it is obso-
lete, or too costly, or that he can provide a better
subsystem through new development. Although this
risk was cited to us during interviews of various
individuals during the course of this study, the
case studies do not shed much light on its wvalidity.
Only in one of the cases which were used to test

the guidelines (Navy Standard Computer) did we find
direct evidence of a prime contractor indicating
doubt that a propcsed standard subsystem would te

as effective as one that they could develop them-
selves.
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Two key problems in the decision regarding early development

emerge as: (a) assessing correctly what is "within the state

of the art," and (b) judging correctly that there will be other

uses for the subsystem if the originally anticipated user does

not materialize.

4. Testing for Reliability and Maintainability

Testing for reliability and maintainabili r

ployment tends to be inadequate. The major example among the
limited case studies considered e
Early development might contribute to

the sense that it would allow more time for subsystems to ma-
ture. Its use 1s unlikely for the reasons noted under 3 above.
Independent development and standardization would help. They
could provide more equipment that is better qualified than was
originally the case and, therefore, more likely to have better
reliability, although even with such equipment a period of op-

erational testing is necessary.

5. Standardization Opportunities

Opportunities for standardisz or for the use of stand-

ati
ardized equipment are neglected. An example 1s the A-TD. It
ou
er

used a number of subsystems that

0,
e

uld have been drawn from a
i

e
group of available systems, considered as

)]

- 3 ~ =
teandard systems, e.

m

heads-up display and inertial navigator. The equipment that
was used had sc low a Mean Time Between Failures (MTBF) that it
forced a premature termination of the flight test program, which

was to demonstrate reliability prior to IOC

-

6. Judgment Errors

Errors in judgment are a factor in many of the dectisions
represented by the case studies. Such errors occurred at all
stages of development. They include the setting of extreme
performance requirements, underestimating development time and
costs, and not cutting off programs when difficulties indicated
that continuing them would not lead to a successful conclusion.
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Judgments are an important ingredient in developing military
products that use advanced technology. The existence of risk
and the possibility of failure are well recognized. The devel-
opment system favors pushing ahead, even when it is contra-
indlcated. This results in a reluctance to cancel or reorient
a program, until it has gone too far. Examples are the GAU-T7

gun, the F-401 engine, and the Cheyenne helicopter.

Early development, or independent development and stand-
ardization, can contribute only marginally to this judgment
problem. Potentially, early development of long leadtime sub-
systems can provide a better probability of success, or at least
an early warning that a particular approach might have to be
changed. But good judgment is needed to act adequately on such
warnings. Similarly, the use of standard items helps to offset
the uncertainty and risk of developing new subsystems, although
it may upset the match between the original requirement and the

final system to some degree.

F. GUIDELINES FOR SUBSYSTEM DEVELOPMENT DECISIONS

1. Early Development

Early development can take place in either deliberate or
nondeliberate ways. Deliberate ways would include the decisions
we are discussing here; nondeliberate ways would include the use
of developed subsystems in the conception and development of new
systems for which the subsystems were not originally contemplated.
By our definition, it must be done in advance of system defi-
nition. Consequently, it carries with 1t the risk of specifying
subsystem performances that may not match the system require-
ments that eventually evolve. Note that system requirements
are not immutable. They are derived through a process of anal-
ysis, negotiation, and compromise, which reflects considerations
of military threats, environments, technical possibilities, and
budget issues. The process does not stop with an initial sys- {
tem specification. Since the use of advanced technology in-

volves risk, the initial requirements' specification may turn

XX
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out to be too ambitious technically or too costly, and the ad-
justment of one or more performance parameters may be necessary
to achieve an operating system. Such adjustments were made in
a number of the cases we examined. This risk is not restricted
to early development. Even when a great deal of information
about a system is available, the initial subsystem goal param-
eters may not match the system requirements as ultimately
stated. Another risk is that the system itself may never be
approved or that, even if it 1s, the program manager may elect
to develop another subsystem, rather than use the developed
subsystem. Still another risk is that technology developments
may make an early developed subsystem obsolete before it can be
used. On the other hand, an early development may make avail-
able a-long leadtime subsystem that otherwise might seriously
dely an IOC or, as in the case of the T-64, it may make avail-
able a subsystem which another system, not originally contem-
plated, can incorporate. Through more available time, it might
also produce a more mature subsystem and, thereby, reduce the
need for Product Improvement Programs (PIPs). Also, it may
forestall a premature system development decision by indicating
a risk that may be unacceptable. These considerations lead to
the following guidelines for deciding whether a subsystem
should undergo early development. The decision maker should
determine that:

a. The subsystem is of the type that requires a long

development leadtime relative to the development
time of other subsystems.

b. At least one, and preferably severzl, potential user
systems are identifiable. Note that the detailed
characteristics of the user system may not be known
at the time that the decision to develop the sub-
system is taken.

c. No subsystem alternatives are available that would
permit the system to be cost-effective in a mini-
mally acceptable set of missions of the type for
which the system is envisioned.

d. Integration will not be a major problem. In other
words:

>4 4
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S The subsystem performance characteristics are
alterable over a reasonable range, without re-
quiring major development effort; the scaling
laws governing changes in the performance of the
subsystem are well understood or can be clarified
during subsystem development. Alternatively,
system requirements are of sufficient flexibility
to accept the developed item.

2. The subsystem can be repackaged without major
development effort, allowing it to fit into the
system without integration problems. Or, if such
repackaging appears impossible, the system can be
designed without difficulty to accept the sub-
system.

3. The environment of the using system will not ad-
versely affect the performance of the subsystem.
If the normal system environment is a problem, a
controlled environment for the subsystem will be
avallable.

4. Conversely, the environment generated by the sub-
system will have no adverse impact on the system
or other subsystems. . Alternavively, bLhe environ—

ental impact of the subsystem is controllable

appropriate packaging.

e. System obsolescence stemming from technology changes
i ‘ area will net be Serious, because:

o4

IEFE S &

1. No developments are in view that will obsolete
the subsystem, before the System development is
started, or

£

2. "Form, fit, and function" principles are appli-
eaple, or

3. Expected benefits in the utility period of the
subsystem exceed the expected costs.

2. Independent Development

Independent development (ID) is generally undertaken with
the intention of developing a standard subsystem. The guide-
lines for such a case are stated under "Standardization" below.

Sometimes, ID is undertaken without an intention to standardize

and the applicable guidelines are as follows:

a. More than one potential using system, including
retrofits, is identifiable.

b. Integration will not be a major problem. In other
words :

xxii
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1. The subsystem performance characteristics are
alterable over a reasonable range, without re-
quiring major development effort; the scaling
laws governing changes in the performance of the
subsystem are well understood or can be clarified
during subsystem development. Alternatively,
system requirements are of sufficient flexibility
to accept the developed item.

2. The subsystem can be repackaged without major
development effort, allowing it to fit into the
system without integration problems. Or, if such
repackaging appears impossible, the system can be
designed without difficulty to accept the sub-
system.

3. The environment of the using system will not ad-
versely affect the performance of the subsystem.
If the normal system environment is a problem, a
controlled environment for the subsystem will be
available.

4. Conversely, the environment generated by the sub-
system will have no adverse impact on the system
or other subsystems. Alternatively, the environ-

mental impact of the subsystem is controllable by

appropriate packaging.

c. The subsystem design parameters are adequately speci-
fied. 1In other words:

l. System design is complete enough to specify the
subsystem, or

2. OSystem will be designed around the characteris-
tics of the subsystem, or

3. Subsystem is part of a family, whose character-
istics span the expected system requirements.

d. No subsystem alternatives are available that would
permit the system to be cost-effective in a minimally
acceptable set of missions of the type for which the
system is envisioned.

3. Standardization

Among the cases examined in this study, several independently
developed subsystems were standardized. Nevertheless, the basis
on which the military services decide whether a subsystem should
be independently developed and standardized is unclear and in-
consistent. To be a candidate for independent development and
standardization, a subsystem must satisfy the following con-

ditions:

p .2 o
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More than one potential using system, including
retrofits, is identifiable

Subsystem technology is mature and well in hand.

The potential market is large enough. In cther
words:

1. Phe market may 1 only large enough to support
a single supplier for several years. Independent
development and standardization are then appropri-
ate, only if future prices can be adequately prc-
Lecteu by devices such as a long-term pricing
agreement.

2. The pctential market may be large encugh tc sup-
port two or more suppliers. Trdepbhue“L develop-
ment and standardizatiocn may then be appropriate,
provided that suitaltile qtepg (ewgs: form, it
and function standardization) are planned to

ensure continuing competiti on.

The projected overszll benefits of standardizatior
exceed its disadvantages:

1. Whenever feasible, the cost-benefit analysis

should include a cocmparative (but not necessarily
an mbchlute) life eyecle cost (LCC) analysis of
standardized and nonstandardized equipment, in-

cluding RAM (Reliability, Availability and
Maintainability) and logistics. The maintenance
concept must be sufficiently well defined to
permit the determination of costs and required
configuration control. In other words, if con-

ractor repalr is contemplated, form, fit, and
function standardizaticn is adequate. But if
service repaﬁr is envisaged, detailed configu-
ration control inside the repairable module is
needed.

2. If the LCC cannot be reliably estimated, the cost-
benefit study should attempt to look at least
several years inteo the future. It should use the
cost of reliability improvement warranties or any
other applicable technique as a proxy for LCC.

The maintenance concept must be adequately defined
for a meaningful result.

3. If a cost advantage cannot be found, the advantage
that might be obtained from the potential of a
more attractive set of procurement policies should
be considered. An example is continuation of
competition after deployment through split buys.
To be valid, the analysis must account for the
maintenance concept and the required configura-
tion control.

Integration will not be a major problem. In other
words:

Xxiwv
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1. The subsystem can be repackaged without major
development effort, allowing it to fit into
the system without integration problems. Or,
if such repackaging appears impossible, the
system can be designed without difficulty to
accept the subsystem.

2. The environment of the using system will not
adversely affect the performance of the sub-
system. If‘'the normal system environment is a
problem, a controlled environment for the sub-
system will be available.

3. Conversely, the environment generated by the sub-
system will have no adverse impact on the system
or other subsystems. Alternatively, the environ-
mental impact of the subsystem can be controlled
by appropriate packaging.

4. Discussion

We recognize that the guidelines are not easy to apply,

lthough we have applied them to several cases (as discussed in
Chapter V) and they appear to be useful. It is clear
require knowledgeable, unbiased judgments, if they are to be

successfully used.¥

Moreover, the military procurement system has a built-in
bias against independent or early development. Independent
development is discouraged by a lack of funding. We have bee
told in interviews that it is also discouraged by the difficulty
of getting program managers to accept developed items f e

systems. Such a difficulty is compounded by the econom
incentive given to prime contractors to develop new ite
instead of using existing ones. The case studies provide little
data to support these statements, but they appe
impressions supported by logical inference. If it i
this bias has a deleterious effect on the costs,

and timeliness of major U.S. military systems.

¥
Chapter V de°or

ibes situations as they were perceived by IDA at
the time of writing this report. During the course of this re-
search project, some of these programs changed in significant ways
Hence the facts as well as the conclusions Pélqtlng t6 spesific
subsystems may no longer be relevant. Nevertheless, we stress the
purpose of Chapter V, which is to illustrate the method of using

the guidelines and not to present an assessment of these programs.

XXV
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Standardization of subsystems and componerits tends to

nappen only when the procuring service takes special action
to make it happen. Even more, it may recuire a strong central
organizaticn with technical and procurement competence to 1

guide the standardization effort. The development and u

wm
)

a standardized subsystem depend on certain factors. To

W)
)
W
-
03
(¢))

degree they depend on the organization of the procuring service :
and the attitudes of the program manager and the prime con-
tractor, rather than on the intrinsic merits of using & stard-
ard item. The Army, through its commocdity command system,
seems to have the best organization for promoting standard-
ization. Yet, even the Army has no methedical way of select-
ing subsystems and components, or even selecting commodity
areas, in which standardization efforts shculd be concentrated. I
The difficulties are multipl on of
commonality between the military services Our f ion
uncovered only two areas in h an organized effort to achieve
interservice coordination is authorized--munitions and FLIRs.
i Requirements and Development) c tee,
E sporisible for interservice munitions
i
é its efforts seem to have had mixed
% - that it has access to the highest level
E g its recommendations (Ref. 10) The i
E gram has reached an advanced status be-
% pability, professional standing, pro-
f versistence of the Army's Night Visicn i
? Laboratory (see Appendix F) and because of the strong backing i

by CDDR&E.

G. SUGGESTIONS

1. Primary
As a consequence of this study, we believe that substantial
beneflits can be derived from the selective use of early develop-

ment, independent development and standardization of subsystems.

£ i
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Nevertheless, such a use is not a panacea for the problems that
affect military procurement of high technology systems. Con-
sidering the limitations and, sometimes, the contradictory nature
of the available data, we suggest that ODDR&E review the guide-
lines offered in this study with a view toward verifying, modi-

fying, and then implementing them. Potential implementation
3 o

actions that might be undertaken, with & final

are:

a. Use of Guidelines by DDR&E. Through its powers tc
approve or disapprove subsystem development, ODDR&E
can encourage ED, ID, and standardization of subsys-
tems when appropriate. The guidelines can be used
as a basis for deciding and encouraging the early

development and standardization of subsystems.

b. Dissemination of Guidelines to Service Development
Commands. The initiative for subsystem development
often comes from the development commands of the
military services. Therefore, the guidelines should
be disseminated to such commands for comment &and pos-
sible use.

ccess
initiates the development of a major system. But it

c. Use of Guidelines in the DSARC Process. This pr

is usually too late for it to hecur@ involved in
early-development decisions. However, both DSARC
Review I and DSARC Review II are charged with con-
sidering the use of available subsystems versus the
development of new subsystems. To the extent that
these reviews tend to favor developed systems,; the
military services should be encouraged to undertake
the early development of subsystems, when they meet
the right conditions. Accordingly, the DSARC reviews
might indicate the desirability of having QGVGIUJE
subsystems available, when conditions are favorable.

fT

d. Encouragement of Standardization Efforts. Subsystem
standardization does not tend to occur, unless a
competent, perservering organization is leading the
effort. Accordingly, subsystem standardization under
appropriate guide11n€p, might be encouraged by des-
ignating lead orvdnlzctlons (e.g., service laboratcries
or procurement agenbie ) in each area of interest and
providing specific program funding for justified
standardization efforts.

2. Secondary
The following suggestions concern aspects that indirectly

affect subsystem development:

xxvii
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advances in the state of the art, during an
t

ng development, to only one undemonstrated
. $ ot 3 A yal . y i “a - ~ o v e 2 1 .
ristic. If several advanced characteristics

demonstrated individually, but not in the

same plece of hardware, procf of the concept should
be demanded before engineering development is under-
taken.

proof of con-

b. Use more realistic demonstration
subsystem in an engi-

cept before accepting a new
neering development.

c. Increase emphasis on questions of reliability and
availability at DSARC III. 1In particular, atten-
tion should be given to future plans for reliabil-
ity improvement after system operation begins and
independent judgement of the realism of the plans
and the prospects for their success.

d. Explore the opportunity to use a lead-the-force
plan to provide RAM data, before deployment of
the next major system. If the plan is used,
carry it through to completion.

camine the tradeoffs between highly optimizec
vs. subsystems capable of being ¢
ored for various uses, paying particular atten-

ion to new turbine engines.
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I. INTRODUCTION

A. QVERVIEW

Current procurement practices in the U.S. military services
discourage the engineering develcpment of subsystems, except
as part of a total system under the control of a system manager.
Little subsystem development takes place unless there is a "home"
for it. There are exceptions, and some occur amcng subsystems
that perform certain functions which are clearly common, i.e.,
communication, navigation, sensing, and computing. But even
among such apparently common functions, there 1s an excessive

proliferation of equipment that is developed by o

e |

for prime

7]

contractors to periorm these funections in specifiec systems.

Sometimes, a subsystem that has been developed fo

5

one system

i i

is adopted for another, but there is no consistent mechanism

by which this occurs.

The latest DoD directives on acgqulsition provide brief
mention of subsystem developments. We quote these here and
then discuss their implicafions for the various alternatives
we consider in this study.

Directive No. 5000.26, dated 21 January 1975 (Ref. 1),
describes the makeup, duties, and guidelines for the Defense
Systems Acquisition Review Council (DSARC). Only two points

in this document mention subsystems explicitly. These are:

DSARC I (10). The use of currently available sub-
systems versusg development of new subsystems, kas

been or will be considered.

DSARC II (8). The approach for selection of major
subsyetems has been clearly identified and the pro-
gram has considered the use of currently avatilable
subsysteme versus new development (including test
and support equipment).

N Tl YA AR S B R TR A, W e e 3 A
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Of course, there are a number of other guidelines in this

directive which imply that consideration should be given to sub-

syst

are

ems, but the above two are the crnly places where subsystems

mentioned explicitly.

Subsystems are also menticned twice in the DoD Instruction

on Selected Acquisition Repcrts (SAR) No. 7000.3, dated October
975 (Ref. 2):

B.l. Program Highlights. Briefly summarize the
significant developments in the program including
the current status of related systems and key sub-

systems, except for thecse ccovered by separate SARs...

w

€

Operational/Technical Characteristice. These
eharacteristics are to be grcuped ags "operational"
or "technical." The list should include the charaec-
terigstics for which DCP thresheolds exist, principal
performance requirements ¢f the contract, meaningful
eharacteristics pertaining tec key subsystems, and
any other characteristics considered significant.

interpretation of these statements is that

e
recognize the exlistence of, and need for, subsystems and

they 3

provide instructions that they be considered, but they do not
constitute a policy for early or independent development of
subsystems.

Of the varicus recent procurenient documents that we have
seen, only one provides expliecit policy guldelines for the kinds
of subsystem developments we discuss in this study. This is
the recent publication cf the Office of Management and Budget
(CMB) on the subject: Major System Acquisitions, (Ref. 3).

Paragraph 11-j of this document states:

Developmernt of subsystems that are intended for

use in a major syetem should be restricted to

less than fully designed hardware until the sub-
system is identified as part of a system candi-
date that hae been selected for full-scale develop-
ment. Exceptions may be authoriszed by the agency
head 1f the subsystems are long lead time items
that fulfill a recognized generic need or if they
have a high potential for ccmmon use among several
existing or future systems.

)
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In the cases we examine here the first sentence of this
guideline has been observed with high consistency, while the
second sentence has been honored more in the breach than in
the observance. As we discuss later, the acquisition system
has a built-in bias against full-scale engineering develcopment
of subsystems that might qualify as exceptions, under this
guideline although 1t is clear that such bias is nct derived
from explicit prccurement policy. HNevertheless, the exceptions
are the basic subject of this study which sets forth guidelines

for identifying such exceptions.

Consideraticns in this study are limited tc major subsys-
tems and ccmponents such as propulsion, transmission, communi-
caticns, navigation, airborne radars, etc., and to develcpment

beyond demeonstration cr feasibility (engineering development).

The primary vehicle for analysis 1s a series of case studies
of the development history of different types of systems. The
selection of system types for case study was more or less arbi-
trary, constrained only to include systems that represent all

three military services and a range of different missions. The

findings are based primarily on this limited set of cases. But
we believe that the case studies have helped to focus our efforts
onn the essential 1ssues relevant to the questions we

to answer.

However, we caution the reader that the methocdclegy falls
short of substantiating the findings with proof. We do rela
findings to specific cases. But because the number of cases
is limited, we have used our judgment in determining the im-
portance and generality of the findings.

B. STATEMENT OF PROBLEM

The military services have no coherent mecharisms for early
development of long leadtime subsystems. In fact, some maj

subsystems became available early through processes that might




be

me

an
te

an

characterized as being accidental. In ad

d
thod is used to select subsystems for standardization.

The following practices prevail in the development and
gquisition process: Program managers and prime contractors
take to develop what 1s needed for the system for which

ey have responsibility; there is no consistent way of achiev-

ng coordination amcng program managers and contractcrs to deter-

ine where commonality would be possible and beneficial. Ccca-

onally, development a long leadtime item, such as an air-

o)
is funded on a speculative basis. But, most often

aft er

1g1rne ,

uch a development is intended for a specific use. Among the

stems examined in this study, commorn usage ¢
ceptional; institutional arrangements tend to maintai

PP I s
tuation

hese practices contribute to several problems:

i Poor field re]iahi ity of systems, which may be
caused by excessive concurrency (wrlbh lcduces
test time) between the development of the sys-
tem and development of its majcr subsystems.

2. Schedule slippage of major programs, caused by
inadequate or late develecprient of a pacing,
erivical ‘su

3. Unsatisfactory performance of a major systenm, be-
cause of the inadequacy of an impcrtant subsystem.

n

f e
an extrP"e °J*uat1fn, the entire develcpment
t

4, Lack of competition in the military equipment
market after the award of the development con-
tract or initial buy. This places the Govern-—
ment at the mercy of the sole supplier and
often results in excessive acquisition ccsts.

o Proliferation of subsystems intended to perform
similar functions, with attendant high production
costs traceable to small volume and hith LOglsties
costs traceable tc noninterchangeability.

b
o

1 this study, we examine the feaslbiliity ard utility of

eliorating these problems thrnuqh early development of subsys-

>ms and, where appropriate, through independent develcpment

3 K - A - 34~ Lo | 11 n
d standardization of subsystems.
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We emphasize that a decision to move =z develcpment project

from advanced d

velopment (€.3) status to ergineering develop-

ment (6.4) is a major one. It normally implie
J ' )

increase the rate of funding as well as a
operating hardw
funding is esti
penditures in RDT&E Categories €.3 and 6.4 for the fiscal years

1973-75. The average DoD project

is funded at a

are. The potential magnitude o

o)

mated in Takle 2 which presents

level which is about 2.4 times

the average project in advanced develcpment.

substantial variazticns frcm this average factor

services. Ther

o
o C

coemmitment to

ccmmitment to procuce

f the
the

e are also substantial variations

in engineering development

the fundéing of
The tebie shc
among the

among projects.

iricrease in

service e~

TABLE 2. MILITARY RDT&E APPROPRIATIONS, FY 1973-75
Category Category
6.3 6.4 $/1tem
Total | Items $M Total | Items $M Ratio
M Item M Item 6.4/6.3

ARMY

1973 408.3 48 8.51 498.5 33 15l 1.78

1974 473.6 45 10.52 5302 41 12.96 1.23

1975 515.9 | 46 |11.21 | 518.2| 41 | 12.64 1.13

Total Army 1397.8 | 139 [10.06 1547.9 | 115 13.46 1.34
NAVY

1973 492 .4 86 5.72 798.3 50 1597 e.19

1974 541.0 82 6.60 1029. 1 47 21.90 3.32

1975 599.5 | 82 7.3 L199.3 | 50 23.99 3.28

Total Navy 1632.9 | 250 6.53 3026.7 | 147 Z20.59 3. 15
AIR FORCE

1973 383.1 43 8.91 964.6 41 £23.53 2.64

1974 390.0 39 10.00 921.4 34 27 <19 27

1975 _506.1 | 40 12.65 g8e. U | .39 25.33 2.00

Total Air 1279.2 | 122 10.49 2874.1 | 114 25.21 2.40

Force
Total A1l 4309.9 | 511 8.43 7448.7 | 376 19.81 2o 3%

SOURCE: Defense/Space Daily, October 17, 18, 23 and 24,

F RSB SN T35 7 5 A% S o T Y S SO B ™ 6. o<

1974.




simplified representaticn of the development procese 1is
shown in Pig. 1. The flow from the technological t t
hardware prcduction program is taken through several decision

opment (ID). Devel t of items out-
side the control and funding of a major system progran
any time after the program cffice has been created (pc Ty
\‘*‘
t
full-scele develop-
m ding of a major |
p (o a specific using
system. Such development would occur befcre DSARC I in systems
that meet the cost threshold. ED is speculative, since the sub- f
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system may not be used even tho achieves its develcpment |
;
cals. It would be the except ed in Faragraph 11-jJ cf ti i
§ A 3 : ; i
ireular 1oted earlier. i
|
Dir ed . Development of items for X §
Sy under and directicn cf the system prograr |
manager. This consistent with the first rtence of
. Faragraph 1ll-j quoted earlier.
Technology Base. Knowledge and capability tc develop and
roduce militarv hardwar Results from all vi e 8 b
produce military hardware. esults from all previous researc
and development and production activitilies in the nation. It
includes foreign contributions, insofar as information access
13 avalilable and used.
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gy Base. Initial stages of development t«

address
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enough to merit it. Smaller programs may be covered by Program
Memeranda or by an inforral DSARC T type decision. D
include gray areas between €.3A and 6.3B, where the nature of
the work is generally €.32A and technology does not support
decision for full-scale engineering development, although the
complexity of the system requires a large technology prototype,

v

e.g., Navy Vertical and/or Short Takeoff and Larding (VSTOL).]

Cperability Base. The knowledge and capability that leaad
to acceptable reliability, availabllity, and maintainability
(RAM) in operating systems. Results from previous research,
development, and testing that include qualification testing cf

components, subsystems, and systems.
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Standardization. Selection, adaptation, and qualification
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nultisystem use It may follow any form of

o} 2
development, but it usually follows indepenident development.

P, TN P T, - I IR (B ~ 5 o 2 S o S i =
It may be of form, fit, functicn, or detailed configuratiocn
- 3 s 2 a2 = > £ A 2Ly ~ XA JFi:33 -
and speecificatien. It reguires a formal process, including

extensive qualification testing, and may regquire contractor

qualification.

Commonality (multisystem or multiuse) Use of an item in

more than one system. Also, it may fcllow any mode of develcp-

ment .
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I11.. CASE STUDIES

The manner in which the various subsystems considered in
this study were acquired 1s summarized in Table 1. Further
details are given in Chapter III. In Table 1 we have tried to
indicate which of five acquisition methods was most applicable
to each subsystem, although in some cases more than one may have
been instrumental in bringing the subsystem intc existence.

Most of these acquired subsystems are discussed in detail below,
along with our observations. The acquisition methods us
each of the military services are described in brief

of the chapter.

A. AIRCRAFT ENGINES

1. Turboprop and Turboshaft Engines

The acquisitions of two types of engines were examined:
the T-53 and T-64. The T-53 was initially an early development,
contracted for by the Army Ordnarice Corps before a system design
requirement was acknowledged. The only identification of need
in this case was that the Army would require a four-place, tur-
bine powered helicopter. About six months after this initial
specification, the Army decided that it needed a more powerful

engine, and the initial design was scrapped.

Even after this, the T-53 engine was modified several times
in the course of its user system (UH-1) development to increase
its power. One of these upratings occurred after extensive field
operations, by the Army, of a large number of alrcraft, which
indicated that increased power would be desirable. Fortunately,
it was pcssible to uprate the engine without major new develop-

ment .
9
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TABLE 1. CASE STUDY SUBSYSTEMS

: a
How Acquired”

. : b (@
Subsysten ___ _Using Systems Bl T e Reference™
1. AIRCRAFT ENGINES
A. Shaft Engines
| UH-1, AH-1 v ' A
2. H-53, AH-56A, XC-142, others v V B
3. T-700 UTTAS, AAH, LAMPS ' v (Ch.)
4. Navy proposal UTTAS, AAH, LAMPS, HXM v vV (Ch.)
B. Thrust Engines
1. F-100 F-15 ) H
2, F-100 F-16 v H
3. F-401 F-14 y H
I1. ROCKET MOTOR SRAM ’ E
IIT. TANK ENGINES
AGT-1500 (M (Chrysler version) C
AVCR-1360 XM-1 (GM version)
IV. AUTOMOTIVE TRANSMISSIONS
X-200 M-113 v E
X-300 MICV  Praposed v L
X-1100 XM- v v
UH-1, AH-1 v y A
AH-56A B
ATRCRAFT WEAPO!
X TaRte A
Chin qun turret AH-1 y (Adapted from IRAD A
GAU-T7 -15 y L
F-15 v (Contractor) J
F-16 v (Contractor) )
Typhon v I
AEGIS v I
VIII. AVIONICS
SCAS UH-1, AH-1 y A
IHAS Various helicopters ) B
ARBS A-4i, Harrier ) 3
Proposed standard INS F-16, C-135, C-141 ¥ v (Ch,:,
Standard airborne computér F-18, LAMPS, etc. v V (Ch.
IX. IR SENSOR
Standard FLIR 0vV-13, UH-1, F-4, etc. " F
X. GUIDANCE
Aimpoint Mace, Matador, Pershing II, v V (Ch.) & L
etc. (Proposed)
KEY:
b
31, Directed development The second user of a subsystem is considered
2. Early development to have inherited it.
3, Independent development L
4, Independent development and standardization CExcept for Chapter V, there are appendices giving
5. Inherited detailed developmental histories. Note that

Chapter V contains guideline tests applied to
four new subsystems.

dIndeoendent Research and Development (IRAD).
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The T-64 engine was developed by the Navy on a speculative

(ED) basis. At the time that the develcpment contract was
initiated, the engine had no specific "home." The specification
called for an engine in a particular horsepower range, suitable
for powering three types of future Navy airecraft, none of which
was in development. The specification also called for multi-
purpose capability (turboshaft and turboprop) and for a capa-
bility to grow in power., The major users of the engine were

the various versions of the H-53 helicopter; it was also selected

for use in a number of fixed wing aircraft. It might have had
another user, the AH-56A Cheyenne, but that program was cancelled
for reasons not related to the engine. One other point worth

noting is that the compressor section of this erigine had been
developed by General Electric under IRAD and was one of the
bases on which the contract award was made. In the

system testing, this compressor develcped problems and had

be reengineered.

OBSERVATIONS: The rating target initially selected for

the design power of the T-53 engine was too low and re-
sulted in a loss of some engineering effort. Moreover,

7
even after the system was complete
requirements were much better known, the design powe
was found to be inadequate.
engine's characteristics, pa

r
a highly useful feature of this eng

The notion of flexibility in performance and func-

tion in the initial specification of the T-64 engine
had a high payoff, in providing a useful multipurpose
engine in a timely way. The flexibility permitte
multiple uses of the engine, since it could be ta

with minimal development effort to different applica-
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tionse. However, this flexibility wc

J

ut penalty: for any single use, the engine was probably

b

o

heavier and less efficient than if it had been designed
J J <
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that use. A requirement for power

the Cheyenne program was easily met.

Another observation that ensuee from the T-64 case 1s

that a component, no matter how highly developed and

tested as a component, must be 1© rated and tested

with its operating system before its suitability and
operability can be certified.

2. Turbofan Engines

through the use of new technology. When technical problems
peared that looked unsolvable, the requirements for the F-15
engine (designated the F-100) were relaxed somewhat, and tim
and re

=03,
engine, h was being used to power the F-14A. 1t was 1ntended
~ P H o ey TR0 T Wolioh 4 -~ £ Ay ) 2
to have thrust than the TF-30, although its air flow and
size were limited to the same envelope as hat f the TF-30. e

save weight, the engine's structurgl rigidity was compromise

which resulted in compressor-blade tip rubs. Significantly,

If the engine were to be qualifie

the F-14B progran, hurried, expen-=
sive, high-risk develor of a number f new components would
be necessary. The decision was made t terminate the development
program of the F-40l engine for the F-1l4B, although the engine
itself remained in advanced development. The Navy investigatio
after the terminat s found that the t logy base was insuf
ficient to meet the goals of the development; also, attempts to
advance the component technology in this development involved
steps that had not been demonstrated.

12
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OBSERVATIONS: A new engine development that involves

a significant advance in technology may require several
years of lead time over that of an airframe. Sometimes,
requirements are unrealistic, and performance goals that
are set a priori cannot be achieved within the time
schedule. In the case of the F-401 engine, requirements
for very light weight led to structural deficiencies
(engine too flexible) and to a materials mismatch. In
part, this was attributable to misjudging the technology
base, which stemmed from the interpretation of the results

from the advanced engine technology demonstrator.

The problems were exacerbated by an inadequate
knowledge of aerolastic phenomena scaling, which is a
major problem for advanced engine designs. Extensive
testing and development of full-scale articles must be

provided over the range of operating conditions. Further-

more, program rigidity should be
should be flexibility to make changes in specificaticrs
during development, without a major revision of the con-
tract. A small relaxation im a performance requirement
ean yteld a large improvement in such a factor as aerc-
elastic stability, e.g., moving away from the blade
flutter boundaries. .If the F-401 engine development had
started earlier, or if the component technology base had
been further advanced, the engine development program
might have met its objectives. An alternative would
have been to back off from the performance and insta
lation requirement (as was done with the F-100 engine)
and accept an engine whose performance would not be suf-
ficiently better than the engine already being used in
the F-144. This alternative, which would have been dif-

ficult to justify, was turned down by the Navy.
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Finally, we note that changes in

ance requirements, occurring between

request for proposal and the source s

cause long-range problems (i.e., compo

programs).

B. SRAM ROCKET MOTOR

he SRAM (short-range attack missile)
the-shelf subsystems or major components,
ments were SO stringent that advances in ¢
were needed to meet them. The SRAM rocket

significant advances in technology. These

rocket motor capable of cycling cn and off and a higl

pulse in a relatively small volume.

demonstrated in a single motor pricr to thi
b

mission perform

the corigiral engine
election time,

nent improvemenrt

system used no on-
because the reguire-
he state cof the art
motor involved several

included a solic

cause of the intense competition lfor the development contract
for the SRAM motor, the competitors greatly underbid (factcr of
10-11) the development costs. Since this was tc be a fixed-
price contract, they clearly had the expectation of recouping

excess development costs from the production contract. Technical

difficulties during development were follo
th prime contractor (Boeing), the Air For
Lockheed), with Lockheed ning
r?

eveloping the motor despi

3
money for the
One basls for the Lockheed claims was that
had changed very late in the proposal pe
tractor did not have adequate opportunity

the proposal had to be submitted. The sys

close to failure during development, becau

problem. However, in the end, some remiss
requirement (reduced range at low altitude
of the contract terms resulted in a system

tially as required.

14
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wed by litigation among
ce, and the rocket de-
it should receive more
fixed-price contract.
the specifications
iod and that the con-
to study them before
tem came perilously
se of the rocket motor
ion cf the performanc
) and scme renegotiation

that performed essen-



OBSERVATIONS: The SRAM case illustrates two sides to

the important question of development risk. On one side,
the development risk was very high, because the required
rocket motor was highly sophisticated and depended on
technology that was not in hand. If the rocket motor
development could have been started earlier, much of the

grief might have been avoided, and developmernt costs might

have been reduced. (The need to take multiple approaches
to meet the schedule on such a complex develcpment is

very costly.) On the other side, the rocket motor might

have received early development without a detailed knowl-
edge of the characteristice of the system in which it was |
to be used. Then, significant environmental problems
(such as heat soak or vibration), which could only have
been determined by a detailed system-requirements study,
might have been neglected. It is difficult to state which
side predominates. It appears that the procurement was
undertaken without an adequate technology base, particu-
larly in solid-fuel rocketry. And a further demonstration
of rocket capability should have teen requested before
such stringent requirements were specified. Minor easing
of the volume restrictions might have notably decreased

- the development risk of this program. We note, however,

that these statements are made in the face of the fact |
that the SRAM appears to be a successful development,
which in the end met its (adjusted) performance, cost, |

and schedule.

C. TANK ENGINES |

Two engines are candidates for powering the XM-1 tank, cur- }
rently under development. The AGT-1500 engine is a 1500-hp j
turbine engine, which has had substantial testing (over 8000 1

hours), including 12,500 miles in vehicular operation. This
engine appears to be ready for adaptation to the XM-1 tank, and
production planning has started.

e
=
;]

p— ”rmmmﬂm’“"““ e “ W




v AL el T

e S

The seccnd engine, the AVCR-1360, is a piston engine wit
a varlable compression ratio. It will provide about the same
power as the AGT-1500 will and 1is in about the same state of

development.

Both engines have been inherited from previous tank programs
that have been canceled. In fact, development of both engines
ceased for awhile, but it was revived when the possibility of
thelr use revived. Both engines were partially developed under
IRAD and technolcogy base funding as well as funding from tank
programs. For the XM-1l tank, we consider the engines to be in-

herited.

OBSERVATIONS: The XM-1 tank has two comparatively low-

risk engine options as a result of development work under-
taken previously for canceled tank programs. If neither
of these engine developments had been started as early

as they had they might still have been started in 1972,
with the expectation that they would be ready for system
producticon by 1979. But the risk of development would
have been higher, and there would have been no develop-
mental engine on which to base system decisions. These
early developments resulted in the early availability

of the engines, which influenced the tank system de-
eistons, and significantly reduced the risk in developing

the new tank.

D. AUTOMOTIVE TRANSMISSIONS

The Army has developed a family of transmissions that were
intended for use in a variety of armored vehicles. These include
the ARSV (Armed Reconnaissance Scout Vehicle), the M113Al1 AFC
(Armored Personnel Carrier), and the MICV (Mechanized Infantry
Combat Vehicle). The largest member of the transmission family
is the X-1100, which 1is belng developed for both versions of the
XM-1 tank, as well as for retrofit into the improved M-60 tank.

16
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It fits these different roles by using a modular design in which
different input sections, adaptable to the characteristics of

the different engines, are utllized. The members of the trans-
mission family also have parts that are interchangeable with
commercial transmissions. From the large volume of data on
commercial truck and car transmissions, the manufacturer of

these transmissions has developed methods and data for predicting
the performance and the reliability of each component. Experience
has shown that this information 1s scalable to components and sub-
systems of different ratings, though it is still necessary to

perform total systems testing in each new type of vehicle.

OBSERVATIONS: A family of transmissions has been de-
veloped by the Army largely through independent develop-

ment, by TACOM or ite predecessor organization although
vartous members of this family are linked to specific
vehicles that use them. The development of the family
was assisted by the ability of the contractors to scale
up power ratings, an ability that stems from the knowl-
edge gained from extensive commercial development. It
appears that the scaling can be applied, not only to
performance factors, but also to reliability and dura-
bility.

Usually in military transmisstions, which are de-
signed for low-volume production for a specific system,
the provision for growth is less than that typical for
commercial products. Modifications are paid for by the
military customer; incentives do not exist to create

designs capable of growth.

Despite the ability to prediet reliability and
performance in scaling to different sizes, it is neces-
sary to run full system qualification tests, since other
components in the system might impact on the performance

and RAM of the system. At least, in the automotive area,

17
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it appears possible to design components and subsystems
to a tentative specification, while allcwing for future
growth. Such designs can be tested and debugged. Then,
1f 1t becomes necessary to change the specification
somewhat to meet the needs of the system, the subsystem
or component can be redesigned. The new design will not
require as much testing as will the original design,
because the original testing results will still be ap-
plicable. Thus, it should be possible tc fund such long
lead items in advance of the time when a final specifica-
tion is Xnown, and decrease the need for concurrency in
the development of components and system. The system
designer would then prcceed to design his system with
lover risk and with some Llikelihocd of overall savings.
The savings would accrue, because concurrent develop-
ment sometimes creates a need for multiple simultaneous
approaches to inecrease the likelihood of timely success,
a need that is obviated when a develcped subsystem ie

at hand.

E. HELICOPTER DYNAMIC SYSTEMS

In this section, we refer only to the helicopter drive and
rotor systems. The engines discussed earlier are not included.
The dynamic system of the UH-1 helicopter was develcped, &s
part of the aircraft system by the prime contractor. The
AH-1 used the dyrnamic system that had been developed for the
UH-1, but with a different fuselage configured around it. How-
ever, by the time the AH-1 develcpment had been started, the
dynamic system had gone through some evolution, and the con-
tractor's knowledge of it was relatively mature. But in any
case, the AH-1 helicopter inherited its dynamic system from the
UH-1l, and no scaling was necessary to make the adaptation. 1In-

stead, the AH-1l was scaled to the available dynamic components.

e Tl T A A S SR TR e B i <
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In the case of the AH-56A (Cheyenne), the circumstances

vel

were somewhat different. The Cheyenne developmen

t depended on
a new technology that had been successfully demonstrated on a
smaller prototype vehicle. In fact, the successful prototype
was the basis for the system proposed by the ccocntractor, In

the course of this development, the contractor tried to scale
up the 0ld system. But he ran into

serious rotor control instabilities in certain flight regime

r~
[
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e
o
»
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Although the existence of such instat
in the earlier vehicle, it had been possible 't onfigure the
flight envelope around such conditions, thereby avolding
This was not possible with the larger prototype machine, and
disaster resulted.

OBSERVATICONS: Helicopter dynamic systeme are the primary

basis for helicopter design and performance. nsequently,
they do not seem to be good candidates for early develop-
ment. But certain components of the dynamie systems,

such as transmissions, might be candidates for earl; -
velopment provided their scaling is well underst ! (8e
discussion under automotive transmissions above). Ir

not appear to be a well understood art; theref
necessgary to test and qualify dynamic system components

at their full size. The Cheyenne failure might not have
occurred, i1f the technology base had been developed to
support it, or further analysis and testing had been accom-
plished. In this case, early development might not have
been possible, but it would have been better to have held
up the development until more knowledge was availabl

about these kinds of systems.

v

F. HELICOPTER WEAPON SYSTEMS

Helicopter weapon systems have constituted existing ground
or airborne weapons adapted to helicopter airframes. At first,
such adaptations were relatively primitive (e.g., hard-mounting
machine guns or rocket pods on larding skids). Then, after

19
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the deficiencies of this type of adaption were recognized in

the early 1560s, the combined efforts of helicopter manufacturers

and weapon manufacturers resulted in flexible side mounts, tur-
rets, and universal pylons on which a variety of weapons could
b

(44)

carried and operated. This activity eventually produced the

[
[N

rst attempt at an integrated prctotype gunship, in which two

.

-60 machine guns were installed in a turret, chin-mounted cn

an H-13 (Sioux Sccut helicopter). The aircraft was configured
tandem seating to reduce drag; also, side-arm flight con-

ls were installed to provide space for the gunner's sight.

s demonstration prototype, which had been assembled under

IRAD funding, became the basis for a full-scale weapon helicopter

development, the AH-1l. The demonstration alsc evoked the con-

o A A

cept the AAFSS (Armed Aerial Fire Support System). This was
s

o be a highly sophisticated hellcopter weapons aircraft, but
its development was never completed (see Appendix B). The Armed
Attack Heliccpter (AAH), presently in prototype ccmpetition, is
so an outgrowth of this earlier development. Even in this
case, however, no new weapons have been developed expressly for

this system.

OBSERVATIONS: Typically, helicopter weaponeering has

tnvolved the integratiorn of an existing weapon and a
fire control system with a helicopter airframe. No
weapon has been developed exclusively for helicopter
use. Rather, weapons have been adapted to this use,

gometimes after scolving complex integration problems.

The typical behavior of the industry has been to !
develop prototype systems under IRAD and then to interecst Z
the military in funding full-scale development. While, ;
in some cases, the developments may have involved stig-
nificant changes in the peripheral equipment used for
the weapon system, they did not involve developing new
weapong. In none of the cases was the aircraft develop-

ment significantly impeded by a weapon development,




eince the weapons had been developed under other
programs and were avatilable for inheritance by the

helicopter weapon systems.

G. RADARS

The weapon system radars that we have looked at in this
study include the ASG-18 intended for the F-108, YF-12, F-111B,
and F-14A. Originally in 1959, this radar was a concurrent de-
velopment fcr the F-108 airplane. However, when that airplane
program was canceled, the radar development was continued for
use in the YF-12 (1960), then in the F-111B (1%62), and finally
(1967) in the F-14A. Although the radar was changed somewhat
for each application, in its final role in the F-14A it had a

mature design that could provide the required performance.

The APG-63 radar, which is used on the F-15 airplane, is a
descendant of the ASG-18. But it employs some modes of operation
that are different from those of the ASG-18. The design was
based originally on company funded and IRAD funded work and was
selected in 1968 after a funded competition, which involved
flying brassboard radars developed for competitive flight evalu-
ation.

Similarly, the radars for the F-16 and F-18 originated from
independent work on new radars, which were brought to a stage
of laboratory demonstration and then funded by the Air Force
for use on flying brassboard radars tailored to the F-16 re-
quirements. Both these radars are bullt to accept modules
that will increase their performance.

OBSERVATIONS: Each of the F-144, F-15, and F-16/18

radars benefitted from previous govermment support on

other radar programs. The F-14A and F-15 radars are
lineal descendants of the ASG-18, originally developed
for the F-108 (canceled) and later used in the YF-12

and F-111. The F-14A radar is a somewhat improved ASG-18.

2l
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The F-15 radar represents an (nterpolaticn in perform-

nece within the performance toundary of the F-14A4 radar,

Q

it with a new medium PRF mode. The two F-16 radars
evolved from company-funded developments, as well as
substantial previous government support of operational

and brassboard radar developments.

The F-15 and F-16 radars are examples of radar de-
velopments within the maximum performance supported by
the available technology base or state of the art. Ex-
perienced contractors can be expected to develop such
radare with low risk. Also, when the state of the art
78 not being advanced, contractors can make tradeoffs
that permit flexibility and compromises that can re-
duce costs. Moreover, when the state of the art is
well advanced compared to what is demanded of it, the
radar procurement offers little risk to the scheduled

levelopment of the aircraft.

Generally, in the latest developrients of these
radars, the contractors had available several viable
approaches for each subsystem. Although, in some cases,

- there were substantial differences in the components
selected by the different contractors for the same func-
tion, both outcomes were satisfactory. The previous-
development history of these aircraft radare can be con-
stdered as independent development that led to the F-16§,
F-16, and F-18 radars, although there was concurrent
development to refine the specific configurations in
each casge.

Finally, it appears that when the state of the

~

state of the art in radar ie well advanced compared to
the performance demands that are made upcen it (1.e., the
econtractors are working within the state of the art and

not advancing it), the development can emphasize the

G
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aspects that are often neglected in advancing the
state of the art such as producibility, cost, and
RAM. Conversely, i1f the state of the art is being

pushed, one can expect these other factors to suffer

as the contractor concentrates on meeting performance
specifications, particularly if he is limited to a
single unsatisfactory choice of a radar component.
Under such eircumstances, a contractor may slip
schedules and costs while trying to make such a com-
ponent work properly. In the cases of the F-15, F-16,
and F-18 radars, the state of the art was sufficiently
mature, the technology suffieciently advanced, and the
packaging well developed. As a result, there was no
large problem in integrating the radars within the
physical constraints of the atreraft and retaining
radar performance, despite the relatively small radome ,

that limited the antenna size.

H. FORWARD-LOOKING INFRARED SENSORS (FLIRS)

During the 1960 decade, FLIRS achieved very good performance.
But the market was limited and unit prices were high. With strong
encouragement from ODDR&E the Army's Night Vision Laboratory (NVL)
at Ft. Belvoir, the lead laboratory in the infrared area, studied
the market and concluded that the market for FLIRS could be
increased considerably and prices reduced significantly through
a major standardization effort. NVL used its position as the
major service funding agency for infrared R&D to force the stan-
dardization of IR related detectors and then the development of
designs to form the basis for a standardization effort. Apart
from the development of sultable designs, the NVL program in- ﬁ
cluded adequate documentation and the development of second pro-
duction sources for the various modules that composed the designs.
In the program, it became clear that the repair philosophy dictated
the requirement for documentation. "Form, fit, and function"
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standardization might have been adequate for throwaway modules.

than by the contractor,

it was necessary to control the

modules that were to be repaired by the military services

configuration and to acquire detailed information on the internal

structures of the modules.

The program to develop a standard FLIR and an adequate pro-

duction base took five years.
program has yielded is significant.
""" systen

4). Although

been completed by

4 4
tition from

Gl
rea It wa

tinutty of purpose for

lardization. It was aleo

the Army for &

necessary

In the case of the TOW,

few standard FLIRs have been produced to date,

large number

ION: NVL had the advantage of having nc compe-
other service organizations inm the infrared

as necessary for NVL tco maintain its con-

to find ways of en-

suring volume production by two or more suppliers to

ipetition.
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and an itndustrial base,
sStandarataation.

I. SERVICE ACQUISITION METHODS

military

sition of subsystem

hardware.
budget to that
ROC
aircraft

ensure
survival, target

a varlety of aireraft.

Thte entailed

i8 essential to

services use different methods for
. In the Army, a formal
(Required Operational Capability)
standardized
is develcped to cover some kinds of

sensing, and

production data package and an industrial
2se. It was also necessary to define the repair phi-
so that configuration control could be
for service repair. It is
8 example that a strong central guiding

capable of developing both technoiogy

successful
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five years te accomplish the stan-




The Navy's system is similar to that of the Army, except
that funding for commodity development and procurement must come

from the system program. This creates scheduling problems, sinc

)

2

the funds are not usually made available to the commodity manager

¢

ime after the program has been funded. Moreover, the
-

t
cormodity manager does not have the authority to force stan-
dardization decisions. Instead, he must persuade the programn
managers to accept standard items. Only in relatively few
instances has the Navy commodity manager obtained advance fund-
E ing, so that he can independently develop a standard item fcr

inclusicn in & number of systems.

The Air Force does not use a commodity command orgenizaticn.
However, it has undertaken a preogram to develop certain standard

. . . - . . 7 . -
items (e.g., inertial navigators), which arestc be used in new
/

aircraft and also to be retrofitted in scme old ones. The pro-
- "- . . 1
gram is using the services of ARINC, Inc., a private firm that

was originally set up by the commercial airlines to provide
o
4 such services. ARINC plans to use the same basic technique for

the Air Force as it has used in developing airline equipment

F 3 speecifications.
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IIT. DEVELOPMENT OF LONG LEADTIME ITEMS

A primary consideration in an early development decision,
with respect to the acqusition of major subsystems whose de-
velopment time is long relative to the other parts of a systems,
is whether the subsystem should be the develcpment pacing item
in the system of which it is to be a part. Major programs re-
quire about 7 to 12 years for system development to deployment;
majcor components often require about 5 to 10 years of develop-
ment time. These two time periods can be concurrent to some ‘
extent. But excesslive telescopit i Ehese Gimes has leg ©o

problems, because important system functions have b
on components that were not always suit

7 e
able in the field. For

esirable to demons.rate their a

o,

erdtical components, it i1s b
to perform under field conditions, before the system concept is
firmly decided. This means that for these critical componen

the lowest risk is incurred when component development and sys-
+

tem development times are consecutive. But this is diff
ecause developments are not normally done in a =i sur
becau development ot ormally done in a leisu
R

ather, they are push useful hardware as rapidly as

0]
(o)
=
o

(b3}

5
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possible, once the decision has been made to go ahead with de-~
velopment. There are several reasons for this acceleration in

to btecome obsolete and

0y
5
2
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development: existing ha

to need quality upgrading, new technology promises to make sub-

stantial improvements, and the threat is perceived to need off-

setting. 5
Long leadtime items are acquired in a variety of ways. We

describe eight of these below. Note that methods E through H

represent deliberate ways in which long leadtime hardware has
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been acquired in the past; methods C and D represent nondelib-
erate, almost accidential, ways in which lcng leadtime items
have been acquired. Frequently, a subsystem comes into existence

via a combination of these methods.

A. DEVELOPED UNDER THE PROGRAM (CFE)

In this case, the contractor develops a subsystem as part
of the contract for the major system and supplies the subsystem
to the program as contractor furnished equipfient (CFE). Quite

subsystem is designed and fabricated by a subcon-

T T T B T o ———

specificaticns laid ocut by the prime corn-—

iously, in this case; the time to initial oge

I
>) must include the sum of subsystem development
=

time and the integration time. But there may be some

=

for some time telescoping through c¢lose collaboration
that system integration can bte started as soon as

the subsystem design is available.

B. DEVELOPED UNDER THE PROGRAM (GFE)

This is a variant of the case above, except that the sub-
system contractor is responsible tc jovernment manager rather
than to the prime contractor. The subsyster 13 supp lied as GFE,

by the Government, to the prime contractor who is still respon-
sible for integrating it int the system. The essential dif-
ference between this mode and the one above is responsibility.

L
The prime contractor is not responsitle for the quality of

equipment provided through GFE sources.

C. DEVELOPED UNDER PRIOR SYSTEM PROGRAM

Sometimes, a long leadtime item becomes available in a
timely fashion, because development was i £
ferent system and the item was found to b

one (e.g., F-100 engine used in F-16 airplane). This might also

e R




happen because a program was canceled, and some of the major

components were determined to be suitable for a follow-on sys-
tem. This occurred in the case of some components of the mo-
bility subsystem of the XM-1 tank, including the engine, sus-

pension, and transmission.

D. ADOPTION OF INDEPENDENT RESEARCH AND DEVELOPMENT (IRAD)

Contractors are continually performing IRAD, which often
results in a subsystem or component feasibility demonstration.
Most often, this seems to be applied to product improvement.

But occasionally it results in the concept of a new subsystem
that is then contracted for as CFE. The UH-1 and the AH-1
dynamic systems represent examples of subsystems that were im-
proved through contractor IRAD. The AH-1 is an example of a

new system that was conceived partly under IRAD, using the basic

UH-1 with a new fuselage design.

E. PROTOTYPING

A number of long leadtime items are procured by starting
development during the program definition phase. Such items
- are independently developed, even though they are clearly in-
tended for a particular "home" system, because the system
program office was not organized when the development was ini- |
tiated. However, in the program definition phase, enough in-
formation 1s developed about the system characteristics and
requirements to allow the development of long leadtime subsys-
tems to start in advance. The F-100 engine and the radar for
the F-15 airplane are examples of this method. Thelr develop-
ment was started during the F-X program definition phase that
led to the F-15 airplane, and prototypes were in test stages
before the F-15 system program was initiated. Since a specific
user system was identified, we consider the engine and radar to

5

\ be early developments rather than independent developments.
4
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F. EQUIPMENT FAMILIES

The X-1100 transmission for the XM-1 tank illustrates

another deliberate way in which early development might occur.
The X-1100 transmission is the largest member of a family of

X-series transmissions for heavy military vehicles. The design

is modular, to permit maximum parts commonality with other mem-
bers of the transmission family, while retaining compatibility
with different applications. It can be used with either the |
turbine or diesel version of the ¥M-1. In the develcpment of '
this family of transmissions, experience was gained in scaling
up designs and hardware. This made 1t pos

-1100 rapidly, largely from the YX-700, a smaller transmission |
that had been developed earlier. Early full-scale englneering |
development, in this case, provided two benefits: a family of

subsystems that could be used in several vehicles, and the tech- |

nical background and know-how to readily scale these subsystems
to different requirements. i

: G. MODULAR DEVELOPMENT |

Another deliberate way in which early development takes
place is through modularization of the system. This mak i
possible to change or improve the performance of a system by
substituting different components or subsystems. To some ex
tent, this is true of any system; however, the essential charac-
teristic here 1s that the system is deliberately designed with

o

interfa

es that permit components to be readily exchanged, often
through a plug-in or bolt-on mechanism, and new system integration
is not required. The Standard missile is an example of this kind
of development. [t has a long history of being upgraded and
provided with new ceapabililities through the exchange of bolt-oun
subassemblies, a practice that is in keeping with a philosophy
adopted by the system manager many years ago. Thus, develop-

ment risks in the Standard missile program were restricted to

30
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small pleces of the system. Yet, overall, a sophisticated

operational system emerged from the process. As another ex-
ample, the Westinghouse WX-200 radar, which has been selected
for the F-16 airplane, can augment its basic capability by
adding modular subassemblies to a determined electrical bus

structure.

H. DELIBERATE DECISION FOR EARLY DEVELOPMENT

The fourth deliberate way of developing a long leadtime sub-
system or component, for use in an undefined system, is simply
to make a decision to do so.¥ Obviously, a system development
cannot be completed in less time than it takes to develcp its
longest leadtime component. Subject to such a limitation, it
is possible tc reduce time to IOC by telescoping (overlapping)
development so that the total, elapsed system development time
is less than the linear sum of the times needed to complete each

development separately. However, telescoping development time

41

ntalls certaln risks and costs. This is especially true, if

a

ct

the system's requirements demand high performance of its com-

onents (many of which are likely to be new and unproven), or

B 'O

f extensive sytem integration is required. Since this type of

@

ar development 1s of principal interest in this study, we

ly
shall discuss it in detail here.

*In this discussion, we use the term "long leadtime" to refer
to components or subsystems whose development time is sig-
nificantly greater than other parts of a system. We assume
that, through previous experience, it is possible to identify
such subsystems and to accurately estimate their development
times, before an upcoming system's characteristics are known
in detail.




AL e

< als

SRV W IR Sl T 5 AT ST Sl B Y A AN WM A 3 v “

1. Reasons for Early Development

A decision to undertake the early development of long
. &

leadtime subsystems can be made fcr the following reasons:

a. To Reduce Time to System I0OC. The early initiaticn cf

developing the longest leadtime item permits the reducticn of
the time to IOC by whatever amount the subsystem takes to de-
velop over the next longest leadtime item. Additional time
savings can be realized through early development, since the
exlstence of a subsystem fixes one set of system parameters.
That is, if a subsystem design exists, other components with

which it interacts can be defined more easily, and integratiocon

may be smoother. On the other hand, with concurrent development,

as the subsystem 1is developed and difficulties are experienced,

it is often necessary to modify interface specifications and 1
then Interacting components; thus, an interactive rrocedure is ;

started that can lead to increased effort, costs, and schedule

1
3

'_.l.

Ucco

changes. The existence of a subsystem prov

Teny also, IC reduces the

to the remainder of the system de

M
n

amount of concurrent development that might be needed fto complete
the system by the IOC data. This can reduce costs as well,

since the greater a high risk development is rushed the more

it is necessary to try a number of approaches to find one tha

will work. The potential for waste in such circumstances is

obvious.

b. To Reduce Development Risk. The availability of a

critical subsystem (or the fact that one is well along in de-
velopment) reduces the risk of the system development program
encountering difficulties or of being unsuccessful. Also,
system performance can be estimated more accurately. On the
other hand, an unsuccessful attempt at early development of a
subsystem may prevent initiating the development of a system
that critically depends on the subsystem. At the very least,

the failure to develop a subsystem during early development

(V8]
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Q should lead to an earlier search for a different approach.

i This would avoid costs due to the disruption of the total sys-
| tem development while waiting for the subsystem to reach a satis-

factory level of development.

c. To Reduce Need for Product Improvement Programs (PIPs)

After I0C. Telescoping of development time often results in
systems being delivered with inadequate RAM (Reliability, avail-
ability, and maintainability). The PIPs that are undertaken to
correct these items are costly; meanwhile, the operational utility
of the systems is degraded or nonexistent. Combat aircraft cys-
tems that should be operating at about 70% availability rates
may have substantially poorer availability, and in some cases
may be grounded because of the poor RAM of one major subsystem.
This is illustrated by the case cf the A-7D (see Appendix K).
Considerable savings might have been achieved, either by delay-
ing IOC or by initiating development of the critical subsystems
earlier and working the problems out during the system develop-

ment.

d. To Support Industrial Base. Military purchases effect

a significant amount of irregularity, which reduces the capability
and willingness of industry to support the military. Slack times
are used to make additions to the technology base through R&D
funding, but the funding 1s not sufficient to take up all the
slack t ‘tween major developments. Early development of major
subsystems could be used to even out some of this varying work-
load and make for a more competitive and more responsive in-

dustrial base.

2. Early Development Risks and Their Avoidance or Minimization

The decision to undertake the early development of long
leadtime subsystems carries with it implicit risks. Such risks
and their avoidance or minimization are as follows:

-,
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a. Subsystem Development May Not be Used. Either the

system in which the subsystem is to fit may not come into exis-
tence, or the program manager may decide to develop the subsys-
tem himself. Thus, the subsystem development may be completely
wasted. At best, it represents a costly addition to the national
technology base, which might be regarded as providing an addi-

tional management option.

To some extent, the likelihood that develcped subsystems

will be used can be enhanced by:

1. Selecting only those subsystems for full-scale
engineering development that are applicable to
more than one potential system, and for which
there is a clear need and little competition.
Examples include turbine engines of a particular
thrust or power class, and radar systems with a
particular resolution and range.

2. Developing only those systems that offer sig-
nificant advances in desirable qualities (ad-
vancing the state of the art), so that a program
manager would prefer not to take the risk of
developing his own subsystem.

(U8
.

Mandating the subsystem's use through the system
development contract and through procurement.

While this takes away some of the program manager's
autonomy, by eliminating one of his choices, it
also reduces his responsibility for the success

of the system. (This approach was taken with
several subsystems to reduce the program cost of
the B-1.)

4, Providing the prime contractor with economic in-
centives to use avallable subsystems or, at least,
remove incentives to develop new ones.

b. Subsystem Target Parameters May be Poorly Chosen, Since

Using System Information is Incomplete at Time of Subsystem

Design. This is often cited as a major risk of early develop-
ment. But there 1s evlidence that it 1is not restricted to sub-
systems developed prior to system definition. Moreover, the
risk can be made insubstantial for many kinds of subsystems:

S B T T AN S S A e A W b o0 w3




1. Even after a system is fully defined, many
parameters are found to be poorly chosen.
Engines, for example, must often be upgraded
after field experience proves that the aircraft
are underpowered. Mission requirements are
added or changed during, and even after, develop-
ment. Hence, system definition does not guarantee
that the subsystem parameters have been well chosen.
Flexibility in the design of a subsystem, so that
it can be easily tailored to the needs of the po-
tential using system, will minimize this problem.

2. Another way to minimize the problem is to design
the subsystem in such a way that it consists of
a core part, for use in a number of application
modules that are tailored to meet specific system
requirements. Development and testing can be car-
ried out on the core part in full. Then, only the
application module will have toc be designed and
tested when the final system specification becomes
known. Even when such an approach is infeasible,
development and testing that are done for a tenta-
tive specification can save time and money, when
the final specification becomes known and the sub-
system must be reengineered and retested. Existing
subsystems that are modiflied in this way are likely
to provide reliability faster and at less expense
than would be obtainable by completely developing
a new subsystem.

3. The optimization of the using system should be less
rigid so that it can accept a less speclalized
subsystem. A system development can be severely
compromised by its dependency on the performance
of a newly developed subsystem. If a subsystem's
development potential 1s not realized, it may be
necessary to field the system with less than ade-
quate performance in one or more aspects of its
mission activity. If the state of the art is being
pushed in a number of areas, the risk 1s compounded
and the chances of success are greatly diminished.
Some retreat from the demand for extreme performance
would be helpful in reducing such risks.

c. Environment of Using System is not Fully Known and,

Therefore, Subsystem Specifications Cannot be Drawn Up in Advance.

This may be true of a system such as SRAM, which used advanced
technology and components that did not exist at the time develop-

ment was started. Therefore, some aspects of the environment
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such as vibration and temperatures may not have been known.
{fowever, for many systems it should be possible to define the
environment in sufficient detail for subsystem specification.
Also, the using system can be flexible to the extent that it
could be designed to provide a suitable environment for the
subsystem. Thus, there is a tradeoff between designing a sub-
system for the system environment and designing the system to

provide a more suitable environment for the subsystem.

d. An Early Developed Subsystem Will Depend on Older

Technology. This is obvious but necessary for long leadtime
items, if the system time to IOC will be short. The fact that
technclogy is old is immaterial. New technology has no value,
cept in conferring desired characteristics on the subsystem
and systems in which it is employed. Only where the technology
is changing rapidly is this a significant risk. In some tech-
nologies (e.g., avionics) the subsystem can be designed for
form, fit, and function, so that if the technology should change

rapidly during the development period, it would be possible to

make the change without disaster occurring in the system design.
The result may be a component or subsystem whose charac
are not as optimized as they otherwise might have been (e.g.,
heavier, larger, more power demanding). But it would not be
necessary to change the basic system design to incorporate new
technology. Avionic subsystems seem to be adaptable to form,
fit, and function design principles. But other subsystems,

L

such as engines, are not adaptable to such treatmenf because
nte
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sgration difficulties.
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e. Lack of Funding. The military budget is tight,
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is difficult to fund items that are considered unessenti

.

Unfortunately, early developments are likely to fall in suc

g
s 1)

=

classification, despite the likelihood that they might result
in later savings. We note that the Commission on Government
Procurement as well as the Congress of the United States have

both expressed some opposition to these kinds of developments
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(Refs. 5, 6). This opposition is of ccncern and must be con-
sidered, but it does not affect the basic arguments that support
the need for these kinds of developments. The OMB has pro-
vided the basis for exception in Circular A-109 (Ref. 3).

f. Laclk of Motivation. at people are
not motivated to perform ol bout tl
eventual utility of Theilr s ence
this kind of argument, when most military procurement ccmpetitions
present this risk to all the cor Cne might make the
opposite point that the motivation to 4 >00d b can be ver
high, since the better the result the greater the likelihcod that
it will be used. We regard this as a nonsubstantive argument
against performing early development.
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IV. GUIDELINES

In this chapter we synthesize the findings of the case
studies (Chapter II) and relate them to the possible benefits
that might follow from making one of three decisions:

1. Whether to undertake early development of a subsystem

(before the program has been initiated and the char-
acteristics of the system are scarcely known)

2. Whether to develop a subsystem independently of a
system program

3. Whether to standardize a subsystem.

Suggested guidelines to follow based on each of these decisions,
have been developed and are included here. Their application
in several real cases is described in the next chapter.

A. RESOLUTION OF DEVELOPMENT PROBLEMS

In the discussion below, we note the kinds of development

problems that occurred in the various cases we examined.

=

hen,

we indicate whether any of the types of decisions noted above
might be relevant in dealing with such problems. We believe
that most of the problems discussed in this synthesis are more
generally found than in the limited set of cases we examined.
Any of these problems might arise in future military system
developments, and any of the forms of development or standard-

ization might be helpful in averting them as indicated.

1. Poor reliability resulting from excessive concur-
rency between system development and major subsystem

development.

One outcome of forcing a system development to be completed

in too little time is poor field reliability. The problem can
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3. Unsatisfactory performance of a major system caused
by inadequacy of an important subsystem (in an ex-

treme case the entire development may be aborted).

These two problems are clearly interrelated and are dis-
cussed together. The absence of a critical subsystem when it
is needed can occur, because the required subsystem performance
may be beyond the demonstrated state of the art, or because the
state of the art is misinterpreted. Engineering development of
systems that require advancing technology 1is risky. Yet taking
such a risk may be the only way in which adequate performance
can be achieved to meet mission requirements. This raises the
question of whether hardware requirements that involve advanc-
ing technology should be specified for new systems. We do noct
examine this policy here, but we attempt to indicate some of
the cost. Our case studies include system development programs
that were not completed due to failure in achieving adequate
original estimates, programs that required longer development
time than was expected and aborted programs (in some individual
developments all three occurred). In some cases, where
"successful" operating hardware was eventually produced, 1t wes
necessary to relax requirements to obtain an operating system.

One way to deal with this problem is to restrict engineer-
ing development only to the truly demonstrated state of the
art. If advances are needed in a particular area, advanced
development programs aimed at demonstration should be under-
taken. The problem here, of course, is that this delays the

introduction of new systems.

Early development offers a partial solution to this di-
lemma, but 1t requires foresight to determine that a need
exists. If such a need can be identified, ED of those sub-
systems wherein the requirement to advance the state of the

art 1s recognized might be undertaken. If funding is available,
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multiple approaches might be used to improve

success, although multiple apprcaches are

System development should not be initi

state-of-the-art developments show substantial

tem development should not be initiated.

1

supposed to be the functior of the concept

following the DSARC I review of any major

sometimes, the pressures of the schedule

optimism of the program manager result in

for full-scale development, when there may

in the validation.

"a

Ea y development cannot substitute

overoptimism. [t can only Increase the likelihood
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counterproductive exercise. In sum, ED o

tion to these two problems, but is not a

judgment and must be applied judiciously.
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3 Independent development, since it offers no time advan-
tage, would not help here. And standardization is applicable
only in the sense that use of a standard subsystem could help
avert the problem, but such a subsystem is unlikely to provide

the necessary performance.

4. Lack of competition in the military equipment market
oceurs after initial buy. This places the government
at the mercy of the sole supplier and can result in

excessive costs.

5. Proliferation occurs in subsystems intended to perform
similar functions, with attendant high production costs
traceable to small volume, and with high logistics costs

traceable to noninterchangeability.

We have identified these problems as subsidiary cnes that
may be impacted upon by one or more of the proposed approaches
to averting the primary problems discussed above. In fact, the
primary way of maintaining competition and of reducing prolif-

eration of military subsystems is through standardization.

This broadens the potential market for an individual item by
pooling a number of requirements. And it helps maintain compe-
tition by ensuring that all contractors are bidding to supply
the same item. However, the standardized item may limit the
performance of the system, since it is likely to represent a
state of technology that is earlier than one that could be
available from a later development. Also, note that a standard
item, though independently qualified, may interact with other
parts of the system to cause unanticipated system problems.
Hence, it is clear that all subsystems should not be standard-
4 ized or independently developed. This is discussed further

under the guidelines below.

Early development can potentially contribute to reducing
problems U4 and 5 by providing subsystems that might be candi-
dates for standardization; but, most commonly, standardization

is a consequence of ID.

‘12
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B. SUBSYSTEM DEVELOPMENT POLICY GUIDELINES

1. Selecting Candidate Subsystems for Early Development

In Chapter III we presented major arguments for and against

undertaking early development of long lead time subsystems,

before a specific using system has been defined in detail. The

arguments are summarized as follows:

° Early development runs a strong risk of improperly
specifying the required system performance, since
it must be done in advance of system definition and,
in fact, in advance of concept validation. However,
this risk is not unique to early development. Even
when a great deal of information about a system is
available, the subsystem parameters can be poorly
chosen.

L The system itself may never be approved, or even if
it is approved, the program manager may elect tc
develop another subsystem rather than use the devel-
oped subsystem.

® Technology developments may make an early develcpment
subsystem obsolete before it can be used. On the
other hand, where technology seems mature, an early
development may make available a long lead time sub-
system to avert a delay in IOC. Through providing
more development and testing opportunity, early
development might &also produce a more mature sub-
system and thereby reduce the need for PIPs.

° Early development may forestall a premature system
develcpment decision by indicating a risk that may
be unacceptable.

In Section A of this chapter we have discussed the ratio-
nales for how Early Development might help to avert the major
development problems that occurred in the various cases we
examined. There is no data base from which these rationales
can be gquantified. But we believe that we have presented
enough information to justify the conclusion that ED of sub-
systems should be practiced selectively. We believe that the
presented information permits the specificatvion of guidelines

for selecting candidates for ED. Except for cost-benefit

U4y
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arguments, the following guidelines are qualitative and require

the exercise of mature, informed judgment in their application

to qualify any candidate for early development:

a.

L S e

The subsystem 1s of the type that requires a long
development lead time relative to the development
time of other subsystems.

At least one, and preferably several, potential user
systems are identifiable. Note that the detailed
characteristics of the user system may not be known
at the time that the decision to develop the sub-
system 1s taken.

No subsystem alternatives are available that would
permit the system to be cost-effective in a minimally
acceptable set of missions of the type for which the
system is envisioned.

Integration will not be a major problem. In other
words:

1. The subsystem perfornance characteristics are
alterable over a reasonable range without re-
quiring major development effort; the scaling
laws governing changes in the performance of
the subsystem are well understood, or can be
clarified during subsystem development. Alter-
natively, system requirements are of sufficient
flexibility to accept the developed item.

2. The subsystem can be repackaged without major
development effort, allowing it to fit into the
system without integration problems or if such
repackaging appears impossible, the system can
be designed to accept the subsystem.

3. The environment of the using system will not ad-
versely affect the performance of the subsystem.
If the normal system environment is a problem,
a controlled environment for the subsystem will
be available.

4, Conversely, the environment generated by the sub-
system will have no adverse impact on the system
or other subsystems; alternatively, the environ-
mental impact of the subsystem is controllable
by appropriate packaging.

45
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e. System obsolescence, stemming from technology changes
in the subsystem area, will not be serious because:

U

1. No developments are in view to obsolete the sub-
system, before the system development is started,
or

2. "Foem, fiti, and function™ principles are appli-
pable o o

3. Expected benefits in -he utility period of the
subsystem exceed the expected costs.

2. Selecting Candidate Subsystems for Independent Development

Independent development is generally undertaken with the

intention of developing a standard subsystem. The guidelines
o

(=)

r such a case are stated under the next category (Subsection

)7 Sometimes ID is undertaken without an intention to stan-

w)

Q.

a~dize, and the applicable guidelines are as follows:

a. More than one potential using system, including retro-
Fits, is ldeatifiable.

b. Integration will not be a major problem. In other
words:

1. Subsystem performance characteristics are alter-
able over a reasonable range, without requiring
major development effort; the scaling laws govern-
ing changes in the performance of the subsystems
are well understood, or can be clarified during
subsystem development. Alternatively, system
requirements are of sufficient flexibility to
accept the developed item.

2. The subsystem can be repackaged without major
development effort allowing it to be fitted into
the system without integration problems. If such
repackaging appears impossible, the system can be
designed to accept the subsystiem.

3. The environment of the using system will not ad-
versely affect the performance of the subsystem.
If the normal system environment is a problem, a
controlled environment for the subsystem will be
available.
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4. Conversely, the environment generated by the sub-
system will have no adverse impact on the system
or other subsystems; alternatively, the environ-
mental impact of the subsystem is controllable by
appropriate packaging.

c. Subsystem design parameters are adequately specified. !
In other words: :

1. System design is complete enough to specify the ?
subsystem, or

2. System will be designed around the characteristics
of the subsystem, or

3. Subsystem is part of a3 family, whose characteris-
tics span the expected system requirements.

d. No subsystem alternatives are available that would
permit the system to be cost-effective in a minimally
acceptable set of missions of the type for which the
system 1s envisioned.

L Sb————

3. Selecting Candidate Subsystems for Standardization

In paragraph A of this chapter, we have indicated how ]
standardization might help overcome problems caused by unsatis- ‘
factory subsystem performance or proliferation of subsystem
types. Without a quantified data base, we conclude that stan-
dardization of major subsystems should be practiced selectively.
The guidelines for such selection follow.

To be a candidate for independent development and stan-
dardization, a subsystem must satisfy the following conditions:

a. More than one potential using system (including retro- 3
fits) is identifiable. i

b. Subsystem technology is mature and well in hand.
¢. The potential market 1s large enough. In other words:

1l. The market may be only large enough to support a
single supplier for several years. Independent
development and standardization are then appropri-
ate, only if future prices can be adequately pro-
tected by devices such as a long-term pricing
agreement.

b7



T AL it

:

2,

2. The potential market may be large enough to sup-
port two or more suppliers. Independent develop-
ment and standardization may then be appropriate,
provided that suitable steps (e.g., form, fit, and |
function standardization) are planned toc ensure |
continuing competition. |

The projected overall benefits of standardization ex-
ceed its disadvantages:

1. Whenever feasible, the cost-benefit analysis should
include a comparative (but not nec ?CSaT:‘y an abso-
lute) life cycle cost (LCC) analysis of s 3
ized and nonstandardized equipment, includi
and logistics. The maintenance concept must be
sufficiently well defined to permit determi
of costs and required configuration control. In

other words, if contractor repair is contemplated,

form, fit and function standardization is adequate.
f service repair 1is ewvisaged detailed configu-

ration control inside the repairable module is
eeded.

2 the LCC cannot be reliably estimated, the cost-
fit study should attempt to look at least
"al years into the future. It should use the
of reliability improvement warranties or any
>y applicable technique as a proxy for LCC
maintenance concept must be adequately defined

for a meaningful result.

3. Where a cost advantage cannot be found, the advan-
tage that might be obtalneq from the potential of
a more attractive set of procurement policies
should be considered. An example is the continu-
ation of competition after deployment through split
buys. To be valld, the analysis must accoun‘ for
the maintenance On(wgt and the required configu-
ravloyn control.,

)

Integration will not be a major problem.

words:

—

1. The subsystem can be repackaged without major
development effort, allowing it to fit into the
system without integration problems. If such
repackaging appears impossible, the system can
be designed without difficulty to accept the
subsystem.
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. The environment of the using system will not ad-
versely affect the performance of the subsystem.
If the normal system environment is a problem, a
controlled environment for the subsystem will be
available.

3. Conversely, the environment generated by the sub-
ystem will have no adverse impact cn the system
or other subsystems; alternatively, the environ-
mental impact Of the subsystem is controcllable
by appropriate packaging.

C. ENHANCING THE PROBABILITY THAT A SUBSYSTEM WILL BE USED

The fact that a subsystem has been developed does not mean
that it will get used; however, some strategies do exist for
improving the likelihood that the developed subsystem will get
used:

1. Mandate the use of the sub

sys
contract, or through ru-‘rgs
Defense or the Secretaries o

stem through the systen
of the Secretary of
I the Military Services.

2. Persuade the program manager, through whatever mearns
are available, that he should accept the developed
subsystem.

3. Provide economic incentives to the prime contractor
to use the developed subsystem (or disincentives to
develop a new subsystem). {

- 4, Reduce the level of system optimization and performance
extremes (design to cost).

5. Emphasize RAM, development cost, and low risk in the
system specification.
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V. APPLICATION OF GUIDELINES TO POTENTIAL PROCUREMENTS

NOTE: This chapter describes situations as
they were perceived by IDA at the time of
writing this report. During the course of
this research project, some of these programs
changed in significant ways. Illence, the
facts as well as the conclusions relating to
specific systems may nc longer be relevant.
Nevertheless we stress the purpose of this
chapter, which is to illustrate the method of
using the guidelines and not to present an
assessment of these programs.

A. STANDARDIZATION OF INERTIAL NAVIGATION SYSTEMS (INS)

T. Introduction

The Aeronautical Systems Division (ASD/RW) at Wright-
Patterson AFB is currently working on the problem cf standard-
izing inertial navigation systems. ASD is assisted in this

endeavor by its contractor, ARINC Research Corporation.

The Air Force is studying the use of an "ARINC character-
istic" for the INS procurement. Unlike a military specifica-
tion, an ARINC characteristic is evolved from forums attended
by the users and producers. One of the major objectives of such
a characteristic is to open up the market for competition, by
making it possible for any producer to qualify his wares accord-
ing to the characteristic and then sell them to interested
parties. In the case of the Air Force, the purpose is to estab-
lish a specification for an INS that will be useful across a
variety of aircraft types for an indefinite time. To allow the
designs to take advantage of technology advances, the charac-
teristic employs an approach known as "form, fit, function";

L
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that is, it specifies the input, output, external shape and size,

and the environmental conditions, but it leaves the internal

structure of each module unspecified.
2. INS Market

ARINC has performed a market analysis for inertial navi-
gation systems. The INS quarterly buys are listed in Fig. 2.
Figure 2 however, does not include all possible buys The total
USAF market might include buys for the A-10, and new versions of
the F-15. The number of units procured thru 1985 then might be
as high as 4000. (Ref. 11). While this is a large market for
INS, realistic competition must be maintained. If only one
venndor 1is available, then competition disappears and standardiza-
tion becomes a rather limited concept, namely, one-company
standardization. One problem now facing ASD/RW is reflected in

the following discussion.

A large part of the market for INS is in the F-16 aircraft;
an ongoing program. The USAF Systems Projects Office for the
F-16, and General Dynamics, have picked the Singer-Kearfott
Division as their inertial supplier for the F-16. The inertial
unit is the SKN-2400. Because the F-16 is on a tight schedule,
it will be necessary to buy the first two lots (lot 1, 34 units;
lot 2, 112 units) from Singer-Kearfott, before their competitors,
can modify and qualify a suitable unit. This means that Singer-
Kearfott may have an opportunity to benefit from a learning
curve, before another supplier can get into production. There

is also a further problem peculiar to the F-16 and its equip-
ment. Because coproduction was agreed to by the United States
for the F-16, Norway will be building 70% of the electronics

and assembling and testing 37%. Only one firm in Norway is
capable of producing such high-technology equipment. This firm
will not find it advantageous to work with two prime contrac-
tors, each of which will need only half the volume required for

the F-16, since it eliminates any chance of achieving economies
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of a scale attainable with a single prime contractor. Thus, the

coproduction reguirement increases the problem of creating com-
petition on the F-16. And without the F-16 INS contract, the
market may not be attractive enough for other producers to invest

in modifying and qualifying a unit.

Another INS program has been initiated by the Warner-

Robbins Air Logistics Center by its award of a contract to the
Delco Electronics Division of General Motors. Such a contract

multimillion dollar program to outfit the Air

)

could result in
Force's C-141, KC-135, and C-135 fleets with the Carousel IV
INS, (a version of the INS now being used by the commercigl car-

rier) rather than with the standardized (by the Air Force) INS.

et

ing, and

(&)

The initial contract calls for prototyping, insta
flight testing dual Carousel IV systems in one C-141 aircraft.
It also includes options for the production of dual systems,

plus

N

pares for the Military Airlift Command fleet of

9]

3 ~ 1

C-141s, as well as other options to provide single Carousel

39 Strategic Air Command KC-135

7
[
|

systems for an additional

\(

tankers and other C-135 transports. The primary purpose of

this contract i

w

to provide military transports with suffi-
clently accurate navigation capability to satisfy FAA require-
ments for flight in controlled airspace across the Atlantic

[

Jcean, a capability not currently possessed. If

b
i1s successful, a large part of the market for the ARINC stan-
7

dard INS will be satisfied. However, it 1s our unders
t

that the Delco units will meet the commercial aircraft INS
specification (No. 561), so to that extent at least the trans-
yrt units will be standardized. There is some pcssibility
that b uni may 1s be designed to meet the forthcoming
ARINC military specification, but this is yet to be decided
kv Delce after +he RINC open [ Y yrocess is compnleted
by Delco after he ARINC open forum process 1is completed.
!
3 Progress {1
:
+ a7 3 5t b & \ x5 ™\ !
f trawmar I haracteristic has been drafted by ARINC,
,
tributed to industry, and discussed at length in several

forums attended by representatives of industry and government.
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The strategy being employed by ASD/RW is interesting, and
it may provide a useful guideline for other standardization

efforts. The Air Force is considering instituting '

'split buys"
of the standardized systems. These are buys that are spread

out over a substantial period and are awarded periodically with
full recognition of the vendor's performance during the preceding
buys. This practice can generate intense and continuing com-
petition reminiscent of the situaticn in the commercial airline
equipment market. It is unlike the usual military approach of
the large single buy, which may spell the end of all competition
and result in the complete dependence of the government on the
sole supplier. The approach already seems to be having an impact

since the bid prices of proposed units are now under $60,00

o
3

comparison to $100,000 in previous Air Force buys (Ref. 11).

:
)

A careful study has been made by ARINC of the advantages
and disadvantages of standardization. But a complete

analysis has not proven feasible, largely because adequate cost

data have not been available, particularly for the operation
and maintenance phase. ARINC has been able to compare acquisi-

tion costs for two different alternatives and also to compute
long-term warranty costs for several alternatives. Using the
reliability improvement warranty (RIW) concept, they have been
able to look ahead for three to four years under RIVW, followed
by three to four years under a warranty follow-on option. Since
fleet installation takes about two to three years, this adds up
to eight to eleven years. ARINC has also done parametric

e
ot

analyses of procurement costs plus installation costs; thus,
was able to outline the conditions under which a split-buy

strategy would have economic advantages. It is important to
note that such model studies did indeed give useful guidance
for procurement policies and actions, even though the LCC cal-

culation was not realistically possible.

Another issue that the ARINC standardization program raises

is the cost of providing unused capability. If the standard INS




has a form, fit, and function specification it will have an
identical set of input and output functions. For example, the
C-141 requires a special display drive; the F-1€ does not.
Other aircraft may require updates from doppler or a satellite
positioning system. Since the standard unit will be used in

types of aircraft, not

will be used in each application. Thus
additional investment and operating costs
have it if it were tailored for each aircr

<A

osts may be offset by savings

quirements and complete

this p
ermit the subsystem to be tailored

+ ) 1 -~ 1 > 3
through plug-in

N3-GS

Application of Proposed Guidelines

each

roblem is to use a nodular desi

all the inputs and outputs

unit may

y nave

over what it would

These

Gleal

i Encther

e+

o - - P 2 ~ e
for each application

We examine here the utility of the proposed guidelines
on (Section B.3, Chaper IV) by applying then
to the ongoing Air Force effort toc standardize the INS.

a. More than one potential using sy
fits, is identifiable.
, J

Comment

This condition has been met,
(i.e., the F-16, A-10, KC-135

have been identified.

Guideline

since the using subsystems
g =LA

m
)

AMS

b. Subsystem technology is mature and in hand.

Comment
This condition is being met. The proposal is to standardize
the mature technology of the SKN-2400, not the less mature
technologies of Micron, GEANS, or the laser gyro.
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Guideline
e. The potential market is large enough:

1. The market may be only large enough to support a
single supplier for several years. Independent
development and standardization are then appropriate,
only i1f future prices can be adequately protected

by devices such as a long-term pricing agreement.
Comment

A long-term contract, guaranteeing availability of the
SKN-2400 at a fixed price, is under consideraticn. Thus,

this condition is being met.
Guideline

2. The potential market may be large enough to support
two or more suppliers. Independent development
and standardization may then be appropriate, pro-
vided that suitable steps (e.g., form, fit, and
funetion standardization) are planned to insure

continuing competition.
: Comment

~ The potential market here is large enough to support two
or more suppliers over a period of several years; however,
the timing of the projected buys is such that one supplier
could get a commanding position in the market through
production experience, well before another supplier can
establish itself. On the other hand, a second supplier,
by repackaging its INS to meet the ARINC characteristic,
could be an important source of competition. Consequently,

the conditions of this guideline are being met.
Guideline

fits of standardization

J

d. The projected overall bene

-~

exceed its disadvantages:
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1. Whenever feasible, the cost-benefit analysis should
) include a comparative (but not necessarily an
absolute) life eycle cost (LCC) analysis of stand-
: ardized and nonstandardized equipment, including
‘ RAM and logistics. The maintenance concept must

; wel

tion of costs and r

other words, 1f con
J

o e s

form, fit, and fune

1f service repa
uration control <

Comment

A complete life cycle cost
Thus, the conditiocns for th
satisfied.
Guideline
2 Where L( 2annot
wek shoul
the futu
improvement warrant
- ; .
nique as8 a proxy Jo
must be adequately
Comment
Extensive studies of reliat
(RIW) have been undertaken,
maintenance, either at depc
the ate level, 1is
-141 yne contractor
to individual m
and standardizati
the contract requires
r\ 3 1
$ equipment to a single onfi

i

. e
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1l defined to permit determina-

equired configuration control, in
tractor repair is contemplated,
tion standardization is adequate.

ir

ide the repaireble module is needed.
analysis has not proven feasible.
is alternative guideline are not
liably estimated, the cost-
d attempt to look at least several
re, using the cost of reliability
1es or any other applicable tech-
r LCC. The maintenance concept
defined for a meaningful result.
vement warranties
ARINC. Contractor
(for the C-141) at
In case of the

would be f

lules as long as the form, fit,
n remains intact. Moreover,
bring all functioning INS

the Air

Force




decldes to switch to organic maintenance. Thus, this |

I guideline is being followed.
Guideline

3. Where a cost advantage cannot be found, the advan-
? tage that might be obtained from the potential of
a more attractive set of procurement policies should
be considered. An example is the continuation of
competition after deployment through split buys.
To be valid, the analysis must account for the
maintenance concept and the required configuration

control.
Comment

ARINC has performed a number of model studies of the effects
of such procurement policies, as the continuaticn of split
buys after deployment. Thus, this guideline is being
followed.

Guideline
e. Integration will not be a major problem. In other words:

1. The subsystem can be repackaged without major

development effort, allowing it to fit into the

system without integration problemes. If such
repackaging is not possible, the system can be :

designed without difficulty to accept the subsystem.

Comment

System integration problems are to be explored for the Air
Force, in connection with the INS, under the next phase of
the contract with ARINC. There 1is the possibility of using
several different options within the same box, versus the
possibility of using separate boxes. Moreover, the need
for a vertical channel is paramount on a fighter plane or

a cargo plane with precision airdrop capability, but it is
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superfluous
resolved,
forms

feres

a9

followe

Guideline

Comment

5. Conclusions
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B. STANDARD AIRBORNE COMPUTER

1. Introduction

The avionics division at Naval Air Systems Command (NAVAIR)
develops and provides various equipment to NAVAIR project man-
agers. At present, its funding comes entirely from program f
managers. Accordingly, its initiatives are constrained to be

brief and very specific.

The director of the avionics division is trying to obtain

funding as a line item in the 6.4 budget, to be called Avionics

Components and Subsystems. If successful, this would provide
him with greater flexibility and enable him to develop a broader !
range of equipment for standard use. 2

Currently, the avionics division is developing the AN/AYK-14 f
as a standard airborne computer under funding from the project '
managers for the F-18 and Light Airborne Mobile Platform System
(LAMPS) Mk III. The decision to provide such funding was made
by the Commander, NAVAIR, supported by the Assistant Secretar

N

\yY
of the Navy (R&D). The overall Navy market has been surveryed.
It is estimated that 6000 such computers will be required in

1982.

‘Under the present procurement strategy, a single contractor
will provide the initial engineering model, a production data
package, and options for production copies, priced in FY-T7.
Then, a second source will be given the production data package
and will be required to build to performance specifications.
There are now about 20 different computers in the naval aviation
inventory of contractor furnished equipment (CFE). They have

different word lengths, different languages, different spare

parts, and different maintenance requirements. Thus intuitively,
one concludes that the standardization will be beneficial from

a cost point of view. This conclusion, however, is tempered by
the possibility that competition may be limited because of the i

procurement conditions. The present solicitation for the computer

61
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calls for an emuletion of the UYK-20 shipboard computer so as

to have a minimal impact on existing software. However, the
F-18 prime contractor has indicated that the combination of
required software, lack of floating point capability, memory
capacity, and base addressing capability will not be satis-

factory for the aircraft needs. In addition only one company

efficlent machine language is necessary. Due to limitations

of the computer physical envelope there is some doubt that the
i additional capacity can be included. DMoreover, the potential

for upgrading the computer for technology advances such as

a major reason (existing software and support) for specifying

that the new computer should emulate the UYK-20 may be nullifiec

2. Application of Proposed Guidelines

Guideline

a. More than one potential using system, including retro-

- 3 o -
fits, 728 identifiable.

Comment

A

This condition is

met, because it 1

1)}

already

o

planned
also

m

for the F-18 and LAMPS Mk III to use the computer;

ke LCL

-

HARM, and several other major programs have been identif

[

e

(%

in the market survey.

Guideline

> - : - o e
b. Subsystem technology i8 mature and well in hand.

Comment

The use of a mature LSI technology and existing software
is planned. Thus, this guideline is being followed. How-
ever, there is some question that the resulting computer

will be satisfactory for the F-1¢

™

-

R S

e - B TS LR SO RS D e R TR W

supplies and supports the UYK-20. Either more memory or a more

1 "double density" memory modules would be severely limited. Thu
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Guideline

C.

Comment

The

potential market is large enough. In other words:

The market may be only large enough to support a
single supplier for several years. Independent
development and standardization are thewn appro-
priate, only i1f future prices can be adequately
protected by devices such as a long-term pricing

agreement.

The potential market may be large enough to support
two or more suppliers. Independent development

and standardization may then be appropriate, pro-
vided that suitable steps (e.g., form, fit, and
funetion standardization) are planned to insure

continuing competition.

The market has been surveyed and found large enough (6000

computers by 1982, or $180-$240 million) to support two

or more suppliers. Standardization at the card level, and

the
~but
one
the

Guideline

s

decision to "second-source", may provide competition,

the present solicitation tends to heavily favor only

contractor. This gulideline may not be followed under

present solicitation.

The

projected overall benefits of standardization

exceed its disadvantages:

.

D R SR MG VTR e R S e S Sy T

Whenever feasible, the cost-benefit analysis
should include a comparative (but not necessarily
an absolute) life cycle cost (LCC) analysis of
standardized and nonstandardized equipment includ-
ing RAM and logistics. The maintenance concept
must be sufficiently well defined to permit deter-

mination of costs and required configuration

63




control, in other words, if contractor repair is

contemplated, form, fit, and function standardiza-

J

ton ts adequate. If service repair is envisaged,

"
LA ; 7

; e : ! . .
led configuration control inside the repatirable

module i1s needed.

2. Where LCC cannot be reliably estimated, the cost
benefit study should attempt to look at least
several years into the future. It should use the
cost of reliability assurance warranties or any
other applicable technique as a proxy of LCC. The
maintenance concept must be adequately defined for
a meaningful result.

3. Where a cost advantage cannot be found, the advan-

tage that might be obtained from the potential of

< LT
a more attractive set of procurement policies

o . - = - 5
should be consideréed. An example is the continua-
Fal S . . SR 4 e 7 AP
tion of compet ton after ployment through split
m A w1l L, -~ ~ ~ -~ g o
buys. To be valid, the analystis must acceount for
the maintenance concebvt and the recuired i F9 a1
rtne aitntenance concept and rne require co rgura-

tion control.
Comment

- The cost-benefit assessment

been only intuitive here,

but it appears reasonable. The use of reliability assurance
warranty 1s contemplated. However the problem of a seccond
source supplier is not resolved. Thus this 1ideline may

Guideline

e. JIntegration will not be a major problem. In other words:

1. The subsystem can be repackaged without major
development effort, allowing it to fit into the
system without integration problems. If such

1 2 v ¥ Vi F pr a4 h - . > 5 o 2y
repackaging appears impossible, the system can

e

e

. TN o :
designed without difficulty to accept the subsysten.
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2. The environment of the using system will not ad-
versely affect the performance of the subsystem.
If the normal system enviromment is a problem, a
controlled enviromment for the subsystem will be

avatilable.

3. Conversely, the enviromment generated by the sub-
system will have no adverse impact on the system ]
or other subsystems; alternatively, the environ-
mental tmpact of the subsystem is controllable by

appropriate packaging.
Comment

The conditions for this guideline do not seem to be met at
least for the F-18, which is currently the primary user
system. This stems from the use of inefficient software
and space limitations in the computer box. This problem
must be corrected before the conditions of this guideline

can be considered to be met.

Overall Comment

Although standardization of an airborne computer intuitively
seems desirable, this particular standardization program
seems to have some problems created by the details of the
solicitation. In its present state it does not follow the
guldeline that assures control of costs through competition
or pricing strategy, the guideline that assures integration
with the using system, and the cost-benefit guideline.

Until these issues are resolved this standardization pro-

gram does not appear to be justified.

C. NAVAIR PROPOSAL FOR A NEW TURBOSHAFT ENGINE

The Office of Propulsion, Naval Air Systems Command (NAVAIR),

is considering the development of a new turboshaft engine with

.-v-‘

a power rating of 2200 horsepower. One potential user system

il

A T G W N Wt Tl T S T N SRR TR e B e b




TR R G —

v AL e ™

e S

is in t‘I‘.;"i!.(‘t‘l“:I.:"
and one is in the

posgibilities for retrofit.

ment can be categorized as

dent development. 'his pro

propos development under

1. Potential

either early development

vides

it ion,

s proposed

an opportunity to

two separate

Users of a New Engine

b
('

The Army is develop

Alireraft

(AAH).

Transport

Attack Helicopter

4 §
O
<

J
7]
o
[
()

§
a

ng

se

a helicopter

Q«r
Sy

engineering development contract.

are powered by a common engine,

is a current technology engine

its final qua

already b

ffor the
a
rated

eing

airframe as that of the UTTAS; it
LiEPe,. buys of MPS would b

There 1is fourth potential
Marine Corps sy which has not
present concept E HX
as that ff the I RS bk gin i
the LAMPS, the HXM may need more

2. Need for a New Engine

. i o Sl
The problem with the '

Of'fice of Propulsion, 1is

= AT (11
tem R ot gl
m 1 A Q ”
The UTTAS has

contractors ar

1fication

4

“"L”" a0 e

2

power.

tes

s
b

kr
)

7

g

xpecte

the

or

s of guideline

10WnN

and

-3
CLNE

<
se
J

11vde vy
urnaery

ROS7 S g S TE SORT N L S St S S - R L

700

=10

owered

) engin

o
o

- I .

[;

+ e

il
ma

fyin
+ W
than




proposed uses under some conditions, because the engine's per-
formance degrades (as in all turbine engines) with increasing
tenperature and altitude. On a standard hot day (95° F, 4000 ft
altitude), for example, the engine can produce only 1163 hp.
Considering the planned gross weight of the aircraft, this is
barely enough power to maintain level flight with one engine

out. Thus, the NAVAIR Office of Propulsion has expressed concern
that the UTTAS and AAH, if powered by the present T-700 engine,
will have only marginal capabilities. This is especially true

of the AAH, which is intended to be operated in the "nap of the
earth,"¥ where any sudden decrease in operating capability could
easily result in disaster. It is also a possible problem for
LAMPS which, as a Navy aircraft, is required to hover at maxi-
mum gross weight on a hot day and to take a waveoff with one
engine out. In a third case, the proposed Marine Corps trans-
port, the HXM, will be heavier than either the LAMPS or UTTAS,

in which case it would need either more power or have less

range.

In view of these factors, the NAVAIR Office of Propulsion
believes that a more powerful engine should be developed for
these aircraft. The proposed new engine might al
a retrofit in aircraft that now are powered by the T-58 en

~ including the H-3 and H-46. It is expected that it will o©
a 25% improvement in specific fuel consumption (SFC) in these
aircraft. In addition, the newer technology engine is expected
to offer significant benefits in reliability, availability, and
maintainability. The primary sources of these benefits are a
modular design that allows easy replacement of parts, and better
materials that will have longer life.

3. New-Engine Proposal

The NAVAIR Office of Propulsion proposes to develop & new
current technology engine, normally rated at 2200 hp. Several

=
At tree top level and below.
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possible engine designs are candidates for this proposed devel-
opment. One of them is the T-700 itself, which might be uprated.
However, the uprating potential of the T-700 is limited. Its
manuflacturer has proposed a two stage uprating that would in-
crease its power to about 2050 HP. This would involve the use
of advanced state of the art technology. NAVAIR believes it
could develop an engine with 2200 hp within the same physica
envelope as that of the T-700. It also believes that the pro-
posed engine will offer a small improvement in military power
sfe (from 0.46 to 0.44). These beliefs are based on demonstra-
tions that have been made with partially developed engines,
some of which were in the competition that was won by the T-700

and whose development has continued under IR&D.

To produce 2200 hp within the same envelope as the T-700
would require either a significant advance in technology or
another major change in the engine to get more air through. OCne
possibility is a reduction in the size of the integral inlet
particle separator, a large assembly forward of the compressor.
(See Figure 3.) While this elaborate mechanism is considered
necessary for many army operations, its utility for most naval
operations is not clear. Use of a smaller separator would permit

- the addition of extra compressor stages within the same envelope.

We estimate that the development of a new engine of this
type would cost from $30 to $150 million. The lower figure is
applicable to the upgrading of an existing engine, such as the
T-700. The higher figure is applicable to a totally new devel-
opment. Full-scale development of one of the partly developed

engines would probably cost something between those extremes.

The decision i1s whether the Navy should develop this new
engine for any of the potential uses mentioned earlier: for the
second buy of UTTAS, second buy of AAH, second buy of LAM
for the HXM, or as a replacement for the T-58 in two existing

aircraft. We consider the decision in two ways, first as an
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independent development for the UTTAS, LA

and AAH, and
second, as an early development for the HXM.

4. Application of Proposed Guidelines for Independent
Development (UTTAS, LAMPS, AAH)

Guideline
a. More than one potential using system, including retro-
Ffits, ts tdentifiable.
Comment
Without considering retrofits, three potential using sys-
tems have been identified: UTTAS, LAMPS, and AAH. There-
fore, this guideline has been satis
Guideline
b. Integration will not be a major problem. In other

words:

i Subsystem performance chara ristics are alterable
over a reasonable range, without requiring magjor
development effort; the scaling laws governing
changes in the performance of the subsystem are
well understood, or can be clarified during the
subsystem development. Alternatively, system
requirements are of sufficient flextibility to

- - | > - -
qccept the developed item.

o

Comment

The history of turbine engine development leads one
the general belief that engine performance can be readil

changed over a considerable range. However, such change

" 257 -~ 9 <7 -~ - ~ N " $ -~ A ¢ vy ~ < v - v v
generally power upratings, are derlived from two pi1
g A - PNy ~ L o +arnhna e T3 Ay oo
sources. One source is technology advances,

= S By By s - ot Y o 5 4 1144 2 n 1als s |
temperature materials and turbine blade cool

i

increases in turbine inlet temperature

is simply over design, allowing enj

only minor changes.
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.than a science (Ref. 7). Engine efficiency is often highly

Guideline

We believe that the increases in engine power through tech-
nology advances are likely to be more limited in the future,
since technology improvements beyond the present base are
becoming more difficult. This means that the upgrading of
an engine will tend to become more difficult. Performance
gains stemming from initial overdesign could continue, but
this would mean that such engines would be larger and less
efficient than they might otherwise be. Hence, potential
system performance is traded off for flexibility in sub-

il b e Mo e Skt Chai it i, Gt b dli o i

system use. Although, in the past, this tradeoff has been
made typlcally in the direction of subsystem flexibility,
the demand for improved systems performance coupled with
fewer opportunities for gains from technology advances,

may change this direction. The T-700 engine presents some
evidence that this is happening. The outcome of such a
trend could be the tailoring of the system to the available
subsystem, which is the major alternative to having flexi-

bility in subsystem performance characteristics.

The scaling laws seem to be reasonably well understoocd for
engines that involve no more than minor advances in technology.

However, there is evidence that engine design is more of an art

sensitive to minor changes. Changing an engine from a demon-
strated prototype to a production design sometimes results in
unacceptable losses of efficiency which then generates a need
for further development to bring the engine performance to an
acceptable level. Nevertheless, with respect to the proposed 1
Navy engine, the conditions for this guideline seem to have
been met sinece it is to use current technology.

2. The subsystem can be repackaged without magjor
development effort, allowing it to fit into the

system without integration problems. Or if such

i
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repackaging appears impossible, the system can be

designed to accept the subsystem.
Comment

The proposed Navy engine is to have the same outer envelope
as that of the current T-700. The major problem may be
changing the particle separator which could involve rela-
tively elaborate development. Infrared suppression system
changes may be necessary, but would probably not require
major programs to accomplish. (The T-58 engine is also
about the same size as that of the T-700.) Because of the
particle separator problem, the requirements dictated by
this guideline may be troublesome in both new and retrofit
aircrait.,

Guideline

3. The enviromment of the using system will not ad-
versely affect the performance of the new subsystem.
If the normal system environment is a problem, a
controlled environment for the subsystem would be

avatilable.
Comment

The major environmental factors in which the Navy is
interested are: salt, operational temperatures, thermal
cycling due to mission requirements, vibration, torsional
moments, flight loads, thermal environments in the vicinity
of the engine, and inlet and outlet characteristics. With
the exception of the salt problem, the environmental factors
of interest to the Army are much the same as those of the
Navy. However the Army has additional concern over flying
dust and debris generated by helicopters operating close

to the ground. This has resulted in the development of
screens and particle separators to protect the engines

(See Fig. 3). 1In this case the Army's environmental problem




could affect the proposed engine since the engine may not
be able to develop the target power within the current
envelope unless the particle separator is reduced in size.
Thus there is considerable question as whether this guide-
line can be followed in the case of the two Army systems
for which the new engine is suggested.

Guideline

4. Conversely, the environment generated by the sub-
system will have no adverse impact on the system
or other subsystems. Alternatively, the environ-
mental impact of the subsystem is controllable

by appropriate packaging.

Comment

The environmental concerns associated with the engine
(i.e., temperature, controls, auxiliary power, vibration,
and noise) appear to be engineering matters that create

: no new types of problems in the considered applications.
As a result, the requirements for the guideline are con-
sidered to have been satisfied.

Guideline
e. Subsystem design parameters are adequately specified.

1. System design is complete enough to specify the

subsystem. 4
Comment

The requirement of this guideline has been met. However,
we reiterate one of the lessons that were derived from the
case studies: a specification may change as a result of

| added requirements or operational experience. This seems
l b to be especially characteristic of aircraft powerplants.
During development, the weight of an aircraft tends to
increase over the original design weight. Sometimes, in
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addition, demands are made for increased performance. These
factors require an increase in installed power. Therefore,
the ability of an engine to grow in power h<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>