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PREFACE

This report summarizes a Rand study project initiated in 1975 by
Maj. Gen. Henry B. Stelling, Jr.--then Director of Space, Hq USAF.

The study reviews spacecraft acquisition policy to determine whether,
and to what degree, variations in acquisition methods can lower total
space system costs without loss of operational capability.

A review of spacecraft status in several major programs showed
many spacecraft remaining unlaunched. The numbers of satellites needed
for various missions had originally been computed using standard re-
liability estimation procedures to define operating lifetimes for the
satellites. But in many cases the satellites in orbit had longer than
estimated lifetimes, and unused spacecraft were stacking up. Some of
these pipeline spacecraft may never be used or may be used only after
extensive modifications.

The authors of this report examined spacecraft acquisition strat-
egies with an eye to more efficient acquisition strategies, resulting
in lower total life cycle costs.

They first reviewed inputs to current procedures for determining
the number of satellites needed and the associated satellite production
and replenishment schedules (for specified missions). They then iden-
tified the estimated satellite reliability function as the input that
tends to drive the output of these procedures. If these were not the
most realistic estimates, what new ones could be provided? They next
attempted to match alternative acquisition strategies to revised life-
time estimates. Finally, they determined quantitatively, to the degree
possible, the system cost effects of such revised acquisition strategies
and where it was possible to minimize costs.

A prime consideration at all times was to maximize the fraction of
the time in which the system carries out its specified mission at an
acceptable performance level.

This report synthesizes the generalized substudies undertaken to

address these issues and summarizes the major findings.
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This report and the contributing substudies were prepared as part t
of the Project AIR FORCE research project 'Spacecraft Acquisition Strat-

egies." The report should be of interest to a broad sector of the Air

Force planning, operations, and system acquisition community concerned

with space as an operational environment.




SUMMARY

In 1975, USAF requested The Rand Corporation to evaluate options
tor spacecratt buvs considering svstem costs, operational capabilities,
and possibilities tor spacecraft program/acquisition strategy tailor-
ing.

Although we were initially interested in all satellite programs,
we gradually concentrated on the programs that involved a large total
buy of spacecratt and sought a long mission duration and in which the
technology, the cnemy threat, and our consequent mission needs were
evolving at a moderate rate. These programs include surveillance, com-
munication, navigation, environmental observation, and others that tvp-
ically require several spacecratt in orbit simultancously.

For these satellite programs we conclude that there is an dalterna-
tive to the conventional acquisition stratepy involving changes in both
the conventional procurement process and the conventional launch process.
This alternative concurrently tends to drive system costs down and op-
erational capability up. It is equally usetul whether an expendable
booster or the Space Transportation Svstem (STS) recoverable booster
is used for launch (STS has prospective benetits ol reductions in
launch cost, increases in launch reliability, and possibilities tor
on-orbit test, checkout, recoverv, and repair).

This conclusion is supgestoed by rveview of satellite reliability
undertaken as a part of the project. Satellite reliability is a major
determinant of the number of spacecraft needed to support a given mis
sion for a stated program litetime. Qur review indicated that classical
wavs of assessing satellite reliability are gencrally conservative and
that this conservatism increases procurement requivements.  In turn,
the observed lifetimes depend on the intensity and thoroughness ot test-
ing, and on "work-arounds," or the ability of the ground crew, through
command and control links, to circumvent, modervate, or delay the effects

of otherwise sertous tailure events in orbit (apart from such activities

as switching to redundant components).
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Together with the observation that the dormant lifetime of sat-
ellite components and subsystems is generally a large multiple of the
activated lifetime, these findings suggest a bunched launch utilization
concept (launching the total missfon-required spacecraft in as short
a time span as possible) and dormant storage in orbit of satellites not
needed inftially for the mission.

The bunched launch concept eliminates the need for reliance on any
but the most fundamental output of computer simulations--the expected
numbers of spacecraft needed to support an explicitly defined mission.
Questions of specific scheduling and replenishment times are avoided.

Bunched launches can be associated with bunched procurement, al-
though these two actions are separable and can provide benefits inde-
pendently. Bunched procurement implies that once a decision has been
made on the probable numbers of satellites needed, one buys the total
number to the same design specifications at the same time, thus in-
creasing the production rate, compressing production time, exploiting
learning effects, producing "tdentical" satellites, and minimizing the
production costs of the total spacecraft buy. Exhaustive tests, in-
cluding orbital operation, on one satellite ("proto-flighting") will
then validate all the satellites. One could then launch these satel-
lites on demand (to replace failed satellites). For higher system
availability, however, the satellites could be launched on anticipated
demand (launching a replacement before anticipated failure, with the
replacement a dormant spare until needed). We know of no high confi-
dence way to determine when a satellite will require a replacement,
however. Another possibility is to launch a replacement, or an initial
satellite together with a spare, to stock up spares in orbit.

Bunched launches are one way to realize the kinds of benefits one
would get if there were indeed a foolproof way of predicting when fail-
ures occur, The satellites rot needed immediately atter a bunched launch
are stored dormant in orbit and turned on as necessary when the earlier
satellites fail. This strategy has the possibility of maximizing the
operat ional availability of the total spacecraft svstem. It may be

particularly usetul it the satellites are stored in shuttle-accessible

orbits for recovery and repair. However, gliven the reliability levels
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we consider, storing in any orbit, including svnchronous orbit, appears

attractive.

This bunched launch, bunched procurement strategy is one possibil-
ity for an alternative spacecraft acquisition policv. It would provide
a min/max approach to spacecraft cost/operational availability. The
svstem cost reductions could be used to support several new system ini-
tiatives in the programs we consider: newer, more complex programs;
more programs; added missions; and added survivability enhancement.

There are institutional impediments to the bunched launch, bunched
procurement strategv: It would imply new methods for doing business
with the DoD and entail additional persuasion of the DoD and Congress.
When deciding whether to experiment with this strategy, the Air Force
will have to balance the convenience of business as usual with the

possibility of new initiatives in space.
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I. INTRODUCTION--THE ISSUES AND FINDINGS DISCUSSED QUALITATIVELY

THE SCOPE OF THIS STUDY

In March 1975, The Rand Corporation, at the request of AF/RDS and
the Office of the Secretary of the Air Force, initiated an examination
of the Air Force's current spacecraft procurement strategies and those
it could use in the 1980s. This study was to emphasize classical sys-

tem acquisition issues:

o Develop and evaluate alternative spacecraft acquisition strat-
egies that minimize life-cycle costs of sytems while maiutain-

ing appropriate and desirable system operational capabilities.

The spacecraft acquisition strategies examined need to reflect

certain objectives and constraints to be optimally useful. They should:

o Not unduly overload or exhaust the acquisition pipeline.

o Consider issues of new development versus technological ob-
solescence.

o Accommodate to new capabilities, such as the Space Transpor-
tation System (STS).

o Have identifiable relations to institutional issues that

bound acquisition strategies.

o Exhibit a realistic economic and program planning utility.

This study clearly cannot cover the entire spectrum of spacecraft
research, development, procurement, launch, and operational issues.
However, we concentrate on acquisition and acquisition-related issues
for three reasons.

First, some current satellite procurement strategies apparently

are not particularly cost-effective. Military satellite programs may

acquire excessive numbers of satellites (and thus find themselves pay-
ing for unused spacecraft or retaining and operating an outmoded sys-

tem because they are constrained to use the satellites that were
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already purchased). Excess procurement can, of course, occur with any
¢ ncept of spacecraft acquisition, including bunched procurement. Al-

ternatively, programs may acquire insufficient spacecraft to maintain

the desired system capabilities over the projected system mission du- gf
ration (possibly resulting in serious outages, reductions in capabili- &
ties, or expensive reestablishment of production lines).

Second, in the coming decade spacecraft monies may be more re-
stricted than they have been in the past. To maintain at least current E
levels of capabilities, the Air Force must reduce system costs, partic-
ularly if additional capabilities are desired. One way to do this is
to make procurement strategies more consistent with updated satellite |
experiences. For example, if satellites have a longer life expectancy 3
than is usually estimated, fewer satellites need be ppocured and sig~ ;{4
nificant savings can be realized. .

A third reason for reviewing satellite acquisition strategies is
that new mission requirements are being formulated and new technologfés
are being made available to enhance the utility of space systems for
supporting both strategic and general purpose forces. There is little
reason to assume that past unsatisfactory procurement strategies will

be adequate to meet future demands for space system support.

THE ROLES OF SPACE SYSTEMS

Space capabilities are important now for support of operating forces
and will become more important with time. The examples of four generic
space systems listed in Fig. 1 now have, or will have, primary capabil-
ities that provide major force support for General Purpose Forces and
Strategic Forces. In addition, these capabilities can be combined to
provide still further enhancement of the striking power of the opera-
tional forces, as the few examples (from a much larger list) indicate

in Fig. L.
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System Primary capabilities Combined roles
o - 2 space 3 space 4 space
mmunications
systems stems stems
AFSATCOM  (e.g., retarget 2 ot
bombers) Optimal bomber

routing

Precision location,
navigation (e.g.,
improve SRAM
accuracy )

NAVSTAR

Enhanced bomber
counterforce
Missile firing potential
Early warning detection (e.g.,
satellite identify empty
silos)

Enhanced missile,
Defense MET  pheric conditions bomber Counterforca
satellite (e.g., monitor capnbnl!ty ( terminal
reentry regions; corrections);
battle management

Weather, atmos-

Fig. 1 — Roles of space systems — 1980s examples

If one holds the nature and quality of the primary capability con-
stant, it is possible to define a useful concept of efficiency in the
production of force support by space systems. In this case, system
survivability, availability, and continuity of operation become the mea-
sures of performance that are comparable over different space programs.
With these measures it is possible to allocate resources to space pro-
grams that support military forces so that no one program can be im-
proved without degrading the performance of another, This allocation
of resources is not efficient if improving one program's availability

or survivability degrades the availability or survivability of another.

Bunched Procurement or Launch
In bunched procurement all spacecraft needed to satisfy a mission
for a given mission duration are acquired in a compressed time schedule,

to optimize the spacecratt production rate. In bunched launch, atter a

s, )

_——
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suitable period of proto-flight testing to ensure design integrity,
the spacecraft are launched in a compressed time schedule, with some
of the spacecraft being stored in orbit in a dormant state and the re- (1
mainder being used to satisfy mission needs. Bunching offects the con- 3
duct of spacecraft R&D and operations--such issues as technological |
obsolescence, use of skilled manpower, and R&D programmatic constraints. 4
There are strong arguments for believing that spacecraft can be |
designed for very long lifetimes. In this case, a strategy based on

placing spacecraft into orbit very early in the mission has attractive

operational features as well as substantial cost savings. The space-
craft not needed in early parts of the mission are stored in a dormant
state and activated when necessary to replace a failed or degraded
spacecraft. Systems are stored in orbit and can reduce outage time

when an activated spacecraft fails, the space system is automatically

proliferated and enhances survivability potential, there is no temp-

tation to "improve'" systems in orbit, which sometimes leads to new
failures, and so on. The concept of bunched launches does depend on
low failure rate dormancy for the systems stored in orbit. We assume

that provisions for dormancy require costs comparable to the storage
costs of systems in warehouses.

Bunched launches lessen reliance on the complex (and often unreal-
istic) models providing computer-generated schedules for launch, re- 2
plenishment, etc. We need only the simplest (and, with reasonable in-
put data, the highest confidence) output of computer model calculations-- f
the total expected numbers of satellites needed for a given mission

duration

With long spacecraft lifetimes and bunching, we have powerful ar-
gument s for Multi-Year Assurances (see Sec. 1V) for funding of at least
some space programs.  First, there are direct cost savings as well as
probable implicit resource allocation improvements stemming from the |
way space mission development and production phases can be conducted.

Second, there is a minimum cost way of ensuring high availability in

space missions. Third, it is possible to inject rigorous price com-

petition in procurement of major space systems.

PSSP W I e M._—*M
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In bunched procurement a proto-flight phase (conducted under RDT&E
funds) would validate a design that would then become the standard
spacecraft for satisfying the space mission. Normally the winner of a
proto-flight competition would be authorized to produce the necessary
number of spacecraft required for the mission, but this need not be the
case. A new round of contractor competition could be conducted for
production of the validated spacecraft. That contract could go to
someone other than the winner of the RDT&E competition, or a shared
(multi-contractor) production contract could be let, with the shares
perhaps determined by cost and performance of the individual contractors.

In that way competition could in principle be maintained even during

production.

B




II. RELIABILITY ISSUES

THE NATURE OF THE ISSUES

Space is a generally benign environment for satellites. Most DoD,
NASA, and commercial satellites function much longer than expected.
Many have survived in space many times longer than was predicted. In-
adequacies in the present predictive capability for orbital lifetimes
are apparent. Estimates derived from piece-partl reliability calcu-
lations using failure rates constant in time are generally very con-
servative. Replacement of the calculations with empirically derived
reliability estimates--by observing actual in-orbit failures--will re-
sult in fewer satellites being needed to support successful space pro-
grams.

Unfortunately, not all space programs have been so successful. A
few have been plagued with design problems and early failures. The
poor performance of these few programs is not predicted by either the
piece-part calculations or the simplest form of the empirically derived
estimates. This bimodal distribution of satellite performance is not
considered, usually, in satellite procurement practices. Still, it is
an empirically demonstrated finding that sound design (which eliminates
evident failure paths) and intensive testing results in long-lived
spacecraft; in addition, certain activities (work-arounds) can defer or
alleviate failure situations once the spacecraft begins to experience
these in orbit.

Research has demonstrated the inadequacy of current methods of
estimating satellite reliability functions (specifically, estimation
methodologies based on the constant failure rate assumption). This
was the finding of a number of independent studies conducted in indus-
trv, NASA, and in other government research centers.

Reliability functions and mean mission durations (MMDs) derived

from conventional piece-part calculations based on constant failure

1 e ;
Resistors, transistors, capacitors, etc., which are basic build-
ing blocks.




rates understate satellite reliability, and, when used as inputs to
computer simulations, they overstate mission procurement requirements.
It is useful to see what might contribute to higher than expect-
ed reliability. At least two factors may be narticularly important,
once we have assumed that the basic spacecraft design is sound and that
piece~parts, components, etc. have been intelligently selected and rig-

orously screened:

K The thoroughness or intensity of testing.
2o The activities ("work-arounds") of satellite designers,
managers, and system controllers in correcting spacecraft

malfunctions and anomalies from the ground.

Thoroughness of Testing

One can postulate several pre-flight activities to eliminate bad
satellites. One of these is extended ground testing of major systems
or fully integrated satellites. Some contractors producing more suc-
cessful satellites than other contractors have in fact adopted such
intensive testing strategies. Examples of the consequences are shown
in Fig. 2. The shaded region illustrates the general trends secen; be-
cause the spacecraft have different numbers of picce-parts, all observed
failure rates have been normalized to those pertinent to 10° piece-
parts.

There appears to be a significant correlation, in that the thor-
oughness and intensity of acceptance testing results in satellites that
suffer fewer orbital failures. Such testing is fairly inexpensive and
is generally a small fraction of the total cost attributable to reli-
ability (see App. B). Whether such testing exceeds specification re-
quirements or reflects a stringent view of testing strategies is a
subject worth additional review.

Because of such experimental data, we are reasonably contfident that
it is possible to routinely manutacture complex spacecraft whose ulti-
mate tailure mode is dominated by wearout phenomena (c.p., litetimes

of the order of ten years); litetimes of 65 to 90 months (5 to 8 years)
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Failures per 106 prece-parts

10

Adjusted failures per spacecraft

0 1 2 3
Investment 0 acceptance testing
(mullions of dollars per spacecraft)
Note: Esch circle regiresents a ditterent large-scale wpacecrsft program. The

programs snd their contractors are delibsrately not identitied. The figure
s based on Asrospece Corporation deta gathered under NASA contract.

Fig. 2 — Spacecraft reliability versus investment in testing

based on random failures appear conservative and quite easily achiev-
able with careful desipgn and intensive testing.

Another example of the value of testing is shown in Fig. 3, which

bl

is based on data found in an RADC study.  In this case a nice corre-~
lation was again found between the picce-part tailure rate (for both
energized and dormant states) and the rigorousness of the testing.
The testing rigor is exemplified by the period of burn-in (the sub-

jection of parts to stressful operation must be survived).

Role of "Work-Arounds"

In the satellite community, the term "work-around'" refers to the
ingenious activities of designers, managers, and svstem controllers in
correcting malfunctions and anomalies that occur in orbit that would

-

“Rome Air Development Ceunter Report, '"Dormancy and Power On-0ff

Cycling Effects on Electronic Equipment and Part Reliability," AD-768 619,
August 1973, prepared bv Martin Marietta Acrospace.
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Fig. 3 — Reliability — Empirical data

otherwise result in satellite failure. The dedication and expertise
of personnel at SAMSO, the Aerospace Corporation, and the Air Force
Satellite Control Facility and Test Center and the aerospace community
frequently enable satellites to function beyond their expected life
through such work-arounds. However, this effect is not included in
the usual satellite replenishment models, which are used to support
procurement requirements.

Current replenishment models generate representations of satellite
lifetime by using random numbers in conjunction with various reliability
functions. For instance, Rand's Satellite Availability Simulation Pro-
gram (App. A) uses two reliability functions for satellite lifetime--
one as determined by the piece-part reliability function and one as
determined by wearout phenomena--using the minimum of the two simulated
lifetime numbers to represent satellite lifetime. Aerospace Corpora-
tion's Generalized Availability Program (GAP) is similar but adds a

likelihood that early failures dominate the other two numbers.
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Work-arounds permit a satellite to "fail" more than once and to
continue operating until a failure occurs that cannot be worked around.

Appendix C shows that when the work-arounds do not influence the
reliability function R(t), the reliability function Rk(t). (with an

arbitrary number, k, of work-arounds) is given by the expression

K n
R (t) = p(ry T Loin }'i.(*t')L '
k £ nf

n=Q0

This is reasonable if the satellite contains many parts and the work-
arounds compensate for only those parts that have failed. In the fol-
lowing calculations it is assumed that this is the case. With this
assumption, Rk(t) can be easily approximated in existing computer sim-
ulation models, simply by multiplying together Nw + 1 random numbers
with uniform distribution on the interval [0,1] and using the result

to determine a satellite lifetime through the inverse of the reliability
function, R(t). Figure 4 shows the vesults of using this technique to
calculate the effective life of satellites used in one of the SAMSO
programs, for various numbers of assumed work-arounds. The effect of
incorporating work-arounds dramatically changes the effective reliabil-

ity of the satellite. For this real-world example, one work-around

increases satellite mean-life bv a factor of 1.7; two work-arounds in-
crease it by 2.3, as shown in Table 1.
When work-around effects are considered, the etffective mean-mission |
duration depends on the number of work-arounds expected per satellite.
Also, comparisons of achieved versus predicted satellite life that fail
to consider the effect of work-arounds may lead to spurious conclusions
about the efficacy of reliability functions for predicting satellite

lifetimes.

DORMANCY AND_BUNCHING

The feasibility of designing satellites with assured long life per-
mits consideration of several interesting procurement options. The
bunched launch concept involves satellites that would be stored in a

dormant state on orbit, permitting verv high svstem availability.




Number work-arounds

per satellite 0
0 1 1 |
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Lifetime (months)
Piece-part reliability R (t) = exp (- 1/39.7)"39
Wear-out reliability R (t) = exp (-1 /125)86-0

Fig. 4 — Effective satellite lifetime distributions for various
numbers of work-arounds

Table 1

EFFECTIVE MEAN SATELLITE LIFE AS A FUNCTION
OF THE NUMBER OF WORK-AROUNDS

Mean
Number of Satellite : Satellites Needed for a
Work-arounds Life (mo.) Ratio 4=Satellite Svstem'
0 34.6 L£3 14
1| 59.5 e 3 8
2 80.9 2.3/ 0
3 100.3 2.9/1 5
4 318.3 3.4/1 4
S 3 3971 &4

L35

. S : . ; .
“This table provides the mean of the work-around distribu-
tion of the reliability function shown in Fig. 1.
| g ’ - ; L ; ;
This is the ratio of mean satellite life with and without
work-arounds.

Cn 5 é i . "

For ten vears of operation, assuming perfect satellite
launch/initialization probability and all satellites having
the same number of work-arounds.




Although on-orbit data on dormant satellites are limited, current in-
formation suggests that the failure rate for the inactive boxes in dor-
mant satellites is very low. In fact, in a specific experiment involv-
ing reactivation of 34 redundant boxes on seven satellite programs, no
box failures were observed, even though dormancy considerations were
not a prime factor in the original satellite designs (see Table 2). 1In
this experiment, the average dormancy time ranged between six and 41
months. 1In a sense, of course, every satellite with redundant elements
that are to be switched on when one of the elements fails yields an
experiment in dormancy. Therefore, if we assume that dormant satellites
do not begin to degrade appreciably until they are turned on (the fail-
ure rate for the dormant satellite boxes is zero), the number of satel-
lites needed for a single bunched launch is identical to that calculated
by any of the usual computer simulations.

There is a considerable body of data on dormant failures. Some
of these data are summarized in Fig. 3. The data shown there give
dormant piece-part failure rates directly, and we also show the estimates
of the ratio: energized/dormant piece-part failure rates. The better
Lue rvreliability of the energized part, the smaller that ratio is. But

tor the class of parts used in good spacecraft, this ratio should be of

the order of ten or more, suggesting that for spacecraft with an energized

e il

Table 2

TURN-ON OF UNITS AFTER IN-ORBIT DORMANCY

Number Average Dormancy Number of Failed
Program of Units Time (davs) Units at Turn-on
PIONEER 3 227 0
VELA b, 333 0
psp 3 340 0
DSP 8 543 Q
DSCS II 3 180 0
NATO 8 1246 0

TACSAT 4 510 0
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life of, say, five years, failures in the dormant state ic a period of
five to ten years should have an extremely low probability.

These data allow us to assume, whenever we discuss bunching or
the use of spares in orbit, that dormant failures in a five to ten

year period are negligible.

Implications of High Reliability

Because long energized and dormant lifetimes of spacecraft have
been demonstrated, the next concern is how best to use these conclusions
in an acquisition strategy. Although long lifetimes reluce the total
system buy, they also permit the concept of bunching to be effective.

We next consider in more detail the bunching possibilities that permit
substantial savings in addition to those made possible by exploiting

the higher MMDs in conventional launching and procurement strategies.
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II1I. BUNCHED PROCUREMENT, BUNCHED LAUNCH ISSUES

THE BASIC CONCEP1
The bunched procurement, bunched launch concept refers to a satel-
lite procurement and utilizatiow policy with the following characteris-

tics:

) &8 Satellite design life and reliability function characteristics
are matched to an entire technological generation in the mis-
sion pavloads. Thoroughness of acceptance testing is assumed
to be high enough to ensure very low frequency of random piece-
part failures in orbit. This implies that satellite lifetimes

are determined primarily by wearout or depletion phenomena.

4 Satellite production geared to a proto-flight concept, in which
one or two satellite prototypes produced and tested on the
ground are launched into earth orbhit for an extensive further
testing period (of some months duration, for example). The
validated satellite's subsequent production rate is then op-
timized for minimum cost after the proto-flight test.

3. Production satellites are launched in one bunch (or two bunches)

as quickly as possible, and stored in a convenient orbit. This
orbit could be the operational orbit. 1t could also be a check-
ing orbit, which is accessible bv the STS. The satellites would
be stored in the checking orbit for a certain period, after
which some spacecraft that have suffered failures may be re-
trieved for repair, or some ot the checked-out spacecratt may

be placed in actual mission orbit, with some active and others
dormant. These orbits mav be combined in several wavs. No
scheduling constraints, or verv minimal ones, occur after bunched

launch.

Conducting a satellite program in this wav mav well result in sal-

utary institutional and organizational effects on both the RDTSE and

operations phases of space capabilities.
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TECHNICAL FEASIBILITY ISSUES

Many analysts still consider alien the notions that random failures
can be eliminated in a satellite by sufficiently exhaustive acceptance
testing and that the lifetime of a satellite, with “"work-arounds" pos-
sible, is determined largely by wearout phenomena and depletion of ex-
pendable resources. This is especially true of those with a statistical
orientation. The evidence, if not vet wholly conclusive, is persuasive
to a growing number in the spacecraft acquisition community.

Furthermore, the concept of "proto-flighting' satellites in the STS
era in low earth orbit for a period of testing before injection into

synchronous orbit involves a number of operational considerations:

) Low earth orbit testing involves deployment of antennae, solar
arrays, etc. that would have to be restored and secured prior
to injection into mission orbit by the Inertial Upper Stage,
CIUS) .

4 The IUS design life in orbit may be unduly constrained.

In the long run, neither of these conditions needs to be constrain-

ing.

3. To date, there has been significant uncertainty about or
opposition to the storage in orbit concept.

4. There is at present no cost effective plan for developing a
capability to recover satellites from synchronous orbit for
repair and refurbishing. This factor drives the requirement
for low orbit testing if STS recovery is to be used. Of
course, at the reliability levels we consider, injection
directly into the mission orbit is certainly an option for
both a proto-flight test and the operational spacecraft.

Hence we do not consider the uncertainty factors to be con-

straining.

To what extent would this policy enhance or detract from system
reliability, availability, or outage characteristics? Can such policies
eliminate dependence on detailed computer modeled scheduling techniques

such as those given by SASP or the Aerospace Corporation GAP?
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To what extent is this policy less costly than current practice
because of: (a) minimization of inflation effects, (b) satellite pro-
duction rate optimization and learning curve effects, and (c) finite
lifetime SPOs with associated reduction in management overhead and per-
sonnel costs?

To what extent would this policy eliminate "rear guard" technology
development (developments that produce marginal changes or improvements),
and free contractor and program office resources for work on major im-
provements rather than incremental improvements? To what extent would
design life decisions constrain system modernization?

To what extent would this policy enhance or detract from system
survivability, by virtue of its inherent proliferation of space systems?

We shall discuss these questions in turn. Some of this discussion

is necessarily qualitative but in many cases we can be quite precise.

SYSTEM PERFORMANCE

For purposes of this report, a system outage occurs whenever the
number of operational satellites in space falls below the minimum re-
quired for successful performance of the mission or function. The major

factors influencing outage are: (1) the satellite reliability charac-

teristics as described by the satellite reliability function; (2) the
replenishment launch schedule; and (3) the launch response time (LR)--
the time to replace a satellite that has failed, assuming that a re-
plenishment satellite and launcher are available.

The bunched procurement and launch policy compresses the procure-~
ment and launch schedule to the maximum degree and uses on-orbit storage
for replenishment satellites. This affects system availability and
maximum outage in several ways. First, it reduces the outage time dur-
ing which replenishment satellites and launchers are not available be-
cause of procurement scheduling. Second, it reduces the outage time
caused by the finite response time of launch facilities and resources
at the national launch centers, which occurs even though replenishment
satellites and launchers are available.

Third, it increases satellite utilization during the program peri-

od, in effect shifting satellite capacity trom the post-program period
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(where it contributes to technological obsolescence) to where it is
needed. These effects are clearly demonstrated in Fig. 5, which plots
four important system performance measures against the number of satel-
lites procured. The system designer selects from these parameters to
evolve a program that will meet the needs of the user community and
budgeting authorities--e.g., for LR = 2 months and 90 percent system
availability using a conventional launch strategy, 17 satellites are
needed. For any given number of satellites the bunched launch approach
is significantly better than the conventional approach with respect to
availability and maximum outage. It is slightly better with respect to
the excess program life performance measure. The only performance mea-
sure in which the bunched approach is worse than the conventional ap-
proach was the probability of early program termination. Because it
uses satellites more intensively during the program period, the bunch
procured system will always have a slightly higher probability of early
termination for a fixed number of satellites. However, the effect of
this termination is dramatically less than for the conventionally pro-
cured system; furthermore, during the program period the bunch procured
system has higher overall availability.

All the sample calculations reflected in Fig. 5 are made through
the detailed computer model simulation described in App. A. The de-
tailed computer model simulation 1is useful in comparing various strate-
gles, even though we may be skeptical of the absolute values of the
numbers produced.

The enhanced performance available in bunched launch systems per-
mits space missions with fewer satellites. An example will illustrate
how this is so depending on the combination of requirements specified
for the space system.

Consider the number of satellites required for two alternative sets
of requirements specifications. The first set, denoted SPEC 1, calls
for 95 percent availability, two months maximum outage duration, and
0.1 probability of early program termination. Figurc 5 shows that the
conventional approach requires a 17-satellite system and a one month
(or slightly shorter) launch response time. Fewer satellites, or a
launch response time greater than one month, would make it impossible

to meet the requirements.

il

A8 DAL T NP S




Expected system availabil ity

Probabrl ity of sarly termination

-] e
Maximum system outage
10
Expected system availability "
\
2 l\
3 .
g 6
t
3
£
P
£
b
§ |
~ |
Wi 2 1
i —
ol e tthe St 0 L oR) ORSEYS] SN
10 12 14 16 10 12 14 16
Number of satellites Number of satellites |
!
Probability of ea:ly termination Excess program life [
- - - 10Q 4
¢ B0 LR=-2
ﬁ L LR =1
60 - LR -0
g‘ and
g 40 bunched
W 20F
0 —
10 12 14 16 10 12 14 16

Numbet of satellites

Number of satellites

Fig. b System performance as a tunction of number of satellites




10

The bunch procured system using a li-satellite system can casily
meet these requirements. The performance of the two systems is shown
in Table 3 under the heading SPEC 1. The excess svstem life associated
with the couventionally procured syvstem is nearly as large as the orig-
inal mission program life itself. Also the bunched launch system would
cost less than the conventionally launched svstem by an amount equal to
the cost of four satellites plus their associated launchers.  The second
set of requirements, SPEC 2, calls tor 90 percent availability, six
months maximum outage duration, and 0.1 probability of carly program
termination. Again from Fig. 5 one can sce that both the conventional
approach (with one month launch response time) and the bunched approach
require 13 satellites to meet the requirements, For SPEC 2 the bunched
procurement approach would still provide cost savings, cven though the
same number of satellites {s procurced.  The program and performance
characteristics for conventionally and bunch launched syvstems to meet
SPEC 1 and SPEC 2 are summarized in Table 3. Here the bunched approach
costs less than a conventionally procured system, but the saviugs de-

pend upon the availability and outape specitications.
Table 3

COMPARISON OF CONVENTIONAL AND BUNCH PROCURED SYSTEMS
FOR SPEC 1 AND SPEC 2

SPEC 1 SPEC 2

Bunched Conventional Bunched Conventional

Availability Q9,0 04 .9 Q0 ., () 90. 5
Max imum outage 1.0 1S <0 59
Probability of ecarly

terminat ion 0.06 0.01 0. 006 0.03
Number of satellites 13 17 13 13

Excess program life

31 mo.

98 mo.

31 mo. 34 mo.




THE TWO=BUNCH VARIANT
Launching all satellites as quickly as possible in a single bunch
procured system can, in certain conditions, penalize the bunched launch
strategy relative to the cost of the convent fonal procurement approach.
he couventional procurement approach permits observation of the satel-
lites' orbital pertormance, and satellite/launcher assets are then ex-
pended only as needed.  The bunched approach discussed previously ex-
pends launcher and spacecratt assets, which might, in hindsight, not be

needed.  Consider, tor example, the alternative convent fonally launched

and bunched launch svstems capable of mecting the two sets of require ‘|
ments just discussed.  SPEC 1 requirved 13 satellites tor the bunch and 4
\l

17 tor the conventionally launched svstems, and SPEC 2 required 13 sat-

cllites in both approaches. However, after simulating these two pro-

grams, once could sce that on the average (at "Probability of Early Ter-

- g—

mination" equal to 0.5, which would not be a very conservative planning
basis for many programs), tor SPEC 1 and SPEC 2, ounly oipght launches
would have been made tor the conventional and ten tor the bunched launch
systems at propgram conclusion, hus, tor SPEC 2, the bunched launch svs-
tem would have expended three satellites and launchers needlessly in a
sense, and the conventionally launched svstem would have been able to
avoid the cost of three launchers and the associated satellites. Like-
wise, tor SPEC 1 the bunched launch svstem would have expended three
satellites and launchers needlesslv, whercas the convent ional approach
could have avoided launcher costs for nine unneeded launchers.

To eliminate this characteristic of the bunched launch/procurement
concept, we can use a varviant ol the bunched launch concept involving
two bunches.  Satellites will be procured and launched in two bunches,
with the procurement and use of satellites in the second bunch cont in-
gent on the observed pertormance of satellites in the first bunch.  For

example, tor both SPEC 1 and SPEC 2, ten satellites would be procured

In this example we are not concerned with maintaining a high SA
or Keeping the expected maxinum svstem outapge at low levels.  Figure
S shows the dramatic drops in SA tor the convent fonally launched case
wvhen we reduce the number ot satellites.  We cannot aimul taneoualy have
a high SA o exploit the observed behavior of satellites with the hope
of minimizing the number needed.
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in the first bunch and up to three satellites would be considered for
the second bunch. The satellites and launchers in the second bunch
would be available in month 70.

The degradation in system performance due to the change in avail-
ability of satellites in the second bunch is negligible, as is shown
in Table 4 tor the l3-satellite case, with three satellites in the
second bunch.

The expected costs of conventional and two-bunch procured systems
are compared in Table 5 for systems designed to SPEC 1 and SPEC 2 re-
quirements. For this table it is assumed that repardless of the num-
ber of satellites procured, the number of satellites launched in the
first bunch is that associated with a 50 percent probability of early
termination. For the bunch procured svstem, even though 13 satellites
were necessary to provide the desired confidence in mecting SPEC 1 and
SPEC 2, only ten satellites are launched, on the averape: launch ex-
penditures for only these ten satellites arve included. For the con-
ventionally procured svstem, only eight satellites are launched on the
average, as cxtrapolations of Fig., 5 will show; however, 17 satellites
are procured tor SPEC 1 and 13 tor SPEC 2. For SPEC 1, should it turn
out that the additional satellites were needed, there would be turther
costs of $25 million per launch, Maximum additional costs tor nine

launches at $225 million would be required for the conventionally

Table 4

PERFORMANCE COMPARISON OF TWO-BUNCH VARTANT
WITH THE BASIC BUNCH PROCURED SYSTEM

(13 satellites)

One Bunch Two Bunches

Availability 99,17 99.21

Maximum outage (mo.) 0.95 0.87
Probability of early termination 0.056 0.050

Excess program life (mo.) 31 32

P SGRAET
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Table 35

EXPECTED COSTS OF CONVENTTONAL AND TWO-BUNCH
PROCURED SYSTEMS FOR SPEC 1 AND SP'EC 2

($ mitlions)

Two-Bunch

Convent tonal Vartant
SPEC 1
. A ened gD
Satellite costs 95 377
Launcher costs 200° 250°
Total cost 795 627
SPEC 2
. > cd Lh
Satellite costs 455" 37T
Launcher costs '.‘!“\k :')“‘
Total cost 659 627

a - . SR

Nominal zatellite cost x number of sat-
ollites % learning factor = (535 million/
satellite) ~ (U7 satellftes) x 1,0; 100 per-
cent learning assumed.

B oo ns Fa .
(8§35 million/satellite) x (13 satellites)
<« 0.83; 95 percent learning assumed (.00,
costs drop by 9 percent for cach doubling of
the number of spacecratt pr\\c\ncd\.

Y829 million per launch.

‘I(Sl‘v million/satellite) x (13 satellites)

< (1.0 : 100 percent learning assumed.

procured system under SPEC 1, whereas the two-bunch procured svstem
would involve only §75% million fn potent tal additional costs tor three
Launches,

obviously the two-bunch variant reduces the number of satellites
in orbit, thus decreasing the benefits of survivabi lity through pro-
literation of the bunched approach.  Sal cllites in storape on the ground
forge some of the possible cnhanced survivability benefits to storage
in orbit. The likelihood that these satellites in pround storage would
be technologically uppraded is alse inc cased.,

e above analvsis indicates that the cost advantage ol the bunched

procurement approach i, like the svatem periormance advantage, highly

R

!
b
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dependent on system requirement specifications, In the cases examined,
however, the bunched procured system still costs less than the conven-

tionally procured system, and provides better system performance.

COST EFFECTS--LEARNING CURVES AND PRODUCTION

In bunched procurement, spacecraft can be procured over shorter
periods of time, possibly resulting in reduced unit costs from the more
efficient production rates. More efficient production rates can result
from the creation of an optimized production line, more emphasis on
standardized spacecraft, substitution of capital for labor, better use
of production and test facilities, and optimum mixing of concurrency
and sequential production. This has seldom been demonstrated in the
unmanned spacecraft area, because most space projects stretch procure-

ment schedules to hedge against uncertainty and reduce annual funding

requirements. The resulting low production rates permit little, if
any, learning. i
To illustrate the effects of learning, suppose as a conservative "
example we take a case resulting in a small number of satellites in
the total buy. Consider a ten-year program that requires four satel-
lites continuously in orbit with a satellite MMD of 65 months, the
probability of successful launch equal to 95 percent, and the probability 4
of need level equal to 10 percent. In this case, nine satellites are
needed. At an assumed cost of $35 million per satellite, without con-
sidering modularization, the total spacecraft buy would cost $315 mil-
lion (the "No-Learning'" case).
In bunched procurement, nine satellites would be procured in about
five years. Allowing for an additional investment of $§15 million in
tooling to produce spacecraft at the higher rate, the following net J

savings over the No-Learning case accrue: 4

NET SAVINGS WITH BUNCHED PROCUREMENT, § MILLION

No. of Spacecraft Procured Learning Curve Slope
95% 90% 85%

9 43 78 122
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With a learning slope curve in the range of 90-95 percent, the
savings of $78 to $43 million could be 25 to 14 percent of the base

cost of $315 million,

COST EFFECTS--INFLATION

To investigate the possible advantages of bunched procurement ac-
cruing from reduction of inflation penalties associated with procure-
ment policies involving longer times, a spacecraft and guided missile
price index was used in "typical" production schedules for this nine-

"normal" and "bunched"

spacecraft case. We can then characterize typical
procurement patterns as shown in Table 6.

The inflation-related savings of the bunched versus normal funding
pattern of $27.0 million is about 8.5 percent of the base cost of $315
million. A typical effect of bunched procurement shows up here: The
peak single year funding rates are higher than the normal procurement

cycle peak values.

Table 6

COMPARISON OF INFLATION EFFECTS FOR BUNCHED
AND NORMAL FUNDING PATTERNS

Year

Case--Nine Satellites

Bunched Procurement -6 -5 =4 -3 -2 -1 0 1 2 3 4 Di

Delivery Schedule ” 4 3 2

Annual Funding ($M) ¥ 53 95 91 49 14
"Normal" Procurement

Delivery Schedule 3 4 1 3 1 1 4

Annual Funding ($M)° 14 46 67 42 11 14 28 35 32 21 i
Inflation Premium ($N)h Total 27.0

dconstant 1976 dollars.

bAssumvs 6.8 percent inflation factor.




COST_EFFECTS--SPOs

Additional savings associated with the reduction in Svstem Project
Oftice (SPO) manpower can result trom the bunched procurement policy.
If the bunched launch concept results in a shorter production program,
then those SPO personnel who normally work on that aspect of the pro-
gram will be needed tor a shorter period of time. Other savings
result because tewer people will be concerned with the product improve-
ment (post-production) phase ot a satellite program, which would not
usually occur under the (single) bunched procurement policyv. A tvpical
SPO has 100 to 125 people at $00,000 per person (total direct and in-
direct costs). A 20 to 30 percent personnel reduction achieved from
these effects results in a savings of roughly So million,

Table 7 summarizes the combined prospective cost savings trom

these three cost ettects,

TECHNOLOGY GROWTH AND OBSOLESCENCE EFFECTS

Under current satellite acquisition practice, production lines are
vept continuously open, allowing the latest technolopical advances to
be incorporated into the satellite svstem, at least in principle,
through block changes (the production run is divided into blocks in

which each spacecratt undergoes a set of prescribed moditications),

Table 7

NET SAVINGS ASSOCIATED WITH THE BUNCHED PROCFREMFNW'!\“.lUYn

(S million)

Learning Curve Slope

No. of Spacecraft
Procured 95% a0 85%

9 64 (20)° 100 (32) 144 (46)

a N 3 ATy £
Includes additional tooling investment, intlation,
and SPO manpower etffects.

b ¢
Percent of "normal" procurement cost shown in paren-
theses.
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and to be retrofitted into satellites that have not yet been launched

into orbit. This flexibility is important and vital for satellite
systems in which the dynamics ot the threat or currency of mission pay-
load technology are of overriding importance and provides hedges against
catastrophic design errors that evade detection during test phases and

contaminate all satellite systems after they have been irretrievably

launched into mission orbit.

This flexibility is not without associated costs.

1. Block changes are frequently incremental and seldom involve
revolutionary changes in technology or design. Research and
development resources tend to focus on 'rear-guard technology"
(marginal improvements in the existing satellite). There are
somewhat concealed but probably significant actual costs as
well as opportunity costs associated with "rear-guard tech-
nology" because the attention of the designers is not fully
focused on the possible large improvements.

2. Design changes and retrofit of previous satellites in the
production series are expensive, gencrally involve requalifi-
cation and environmental testing of the satellite, and may
create new reliability problems.

3. Conservatism in estimating satellite reliability tunctions
delays putting new technology on orbit and can create pres- ‘
sures to turn good (but technologically inferior) satellites
oft prematurely or to expand the number of satellite stations ?

in orbit,

The bunched procurement, bunched launch policy eliminates the dis-
advantages to current practice but at some cost in lower flexibility. ,T
Under the bunched procurement, bunched launch concept, satellites would
have design lives to match an entire technology generation in the mis-
sion payload technologv. Incremental improvements and block changes
would be eliminated, along with their associated costs and inefficient
use of R&D talent and resources. By selecting satellite design life to

match a technological generation (the "natural" time during which major
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technology advancement and incorporation of that technology into space-
craft design is possible rather than merely incremental technology ad-
vancement) in the mission payload, the bunched approach eliminates the
tendencies to turn good satellites off prematurely but still ensures
the best attainable system availability and outage characteristics.

A penalty is associated with elimination of incremental improve-
ments. Some of the spacecraft may be in dormant storage in orbit for
as much as eight or nine years before being actively used. The tech-
nology level of these spacecraft is that of the time of mission start.

Block changes and retrofit activity to maintain the state of the
art in satellite technology can be costly and limited in usefulness.
However, where national priorities dictate, this flexibility can easily
be justified. 1In other cases, the bunched procurement, bunched launch
policy should be considered as an effective alternative.

To correct for technological obsolescence in the bunched procure-
ment, bunched launch approach, we would incorporate the ma/or techno-
logical improvements in an entirely new and upgraded satellite genera-
tion at the end of a given discrete mission duration. From a multi-year
perspective, the growth of the technology level in the bunched and con-
ventional approaches would be similar, but the technology growth pattern
in the bunched case would usually exhibit a more pronounced 'sawtooth"
pattern. This is true of almost all other military equipment in cases

where we want to field and operate stable, thoroughly engineered designs.

SURVIVABILITY/VULNERABILITY EFFECTS

Under current practice, satellite spares are stored in environ-

mentally controlled warehouses subject to possible sabotage action by
clandestine agents of hostile countries and terrorist organizations,

in addition to the normal risk of damage from natural disaster and in-
dustrial accident. Although it would be possible to use geographic
dispersal and cover and deception strategems to protect satellite spares
in storage or in transit to and from production/test/launch facilities, }
such precautions are rare. |

The bunched procurement, bunched launch policy in effect substitu-

|
tes storage in orbit for the ground storage of current practice. All |




satellites might be stored in an STS-accessible orbit during an initial
reliability burn-in period, after which the satellites may or may not
be launched into mission orbit storage. In such orbits, satellites

are free from the threats described above but are vulnerable to more
sophisticated forms of attack.

On-orbit storage increases the number of satellites at risk at any
one time to attack by anti-satellite systems (ASAT) and covert degrada-
tion. However, it also expands the enemy's target complex and compli-
cates his task, especially with respect to covert degradation attack.
Shuttle accessibility of spares would be one counter to covert activi-
ties. The enlarged tarpet complex associated with storage on orbit
would increase the attacker's problems by decreasing the probability
that such attacks would go undetected in the larger satellite population.
Once such attacks were detected countermeasures could be devised and
implemented by STS launched repair crews. Thus, in selection of the
storage orbit a tradeoff must be made between ASAT and covert degrada-
tion vulnerabilities. That tradeoff is very much mission dependent
and must be made case by case with regard to the attacker's objectives,
strategv, ASAT capabilities, and knowledge of specific U.S. system
vulnerabilities. However, pooling of satellites in STS-accessible
(but more ASAT-vulnerable) orbits would provide some safety in numbers
and present the defense with new options, such as the possibility of
cover, deception, and decoy schemes for countering ASAT and covert
degradation threats.

There is still the option of placing the spacecraft directly into
mission orbit in both the proto-flight and operational phases. ASAT
attack would then be more difficult (the space programs we are emphasiz-
ing in this study would often be put in svnchronous orbit, or at least
in orbits too high to be recovered by the STS) and would require more
time. The proliferation features of the bunched launch could remain
important, as could cover, deception, and decov schemes. Finally, one
option for exploiting the cost savings inherent in bunching is to be
able to afford additional means for making spacecraft systems more

survivable.




Implications

The key aspect of bunching we emphasize is that it affords a means
for minimizing the costs of maintaining a high system availability and
a low maximum expected outage period. However, depending on the specific

satellite program, some aspects of bunching may not be favorable.

L
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IV. BUNCHED LAUNCH, BUNCHED PROCUREMENT--ROLE OF FUNDING PRACTICES

THE PROBLEM 8

Bunching appears to have a number of attractive operational fea-
tures and implementation possibilities. These have a considerable in-
trinsic worth (e.g., reduction of outages) or a substantial convenience %
element (e.g., no longer having to schedule the space system operation
in detail by complex computer programs, because we need only to cal-
culate the probable number of mission necessary spacecraft, which we
can do by simple rules). Large cost savings are also generally asso-
ciated with the bunching concept.

Qverall, then, bunching appears to have interesting and signifi-
cant payoffs. But in bunching we would purchase a lifetime (multi-
year) quantity of satellites (and launch vehicles or launch services),
so the usual practice of appropriating funds in annual increments poses
questions affecting any effective implementation of a bunching policy.
Our problem is to see to what extent a bunching policy could be accom-
modated, perhaps within an existing legal and regulatory framework and

within institutional constraints prevalent in acquisition issues.

MULTI-YEAR ASSURANCES

The multi-year action to be considered here is distinct from the
concept usually associated with such terms as multi-year funding and

no-year funding. As most often used, those terms refer to the duration

of availability (for obligation) of appropriated funds. No-year funds
remain available until spent, and multi-year funds remain available
| for obligation for a certain number of years, after which time they

i revert to the U.S. Treasury. The multi-year action (or multi-year Q

assurance) considered here refers to the practice of buying (or con-
tracting to buy) multi-year quantities. When involving RDT&E funds,
the practice is known as forward financing and is allowed only in spe- i

cial circumstances. There are three basic variations of this process:
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1. Milti-year procurement: A contract for performance (produc-

tion or delivery) spanning multiple yvears with funding ap

propriated in annual increments.

2. Outset finding: A contract for performance

delivery) spanning multiple vears with funding appropriated

in toto at the initiation of the contract.

3.  Outset funding/stockpiling: A contract that

performed within one year but fultills the needs of more than

one vear, with funding appropriated

(production or

can be fully

n toto durfng the vear

of performance. (This concept is similar to stockpiling.)

These three variations are summarized in Table 8.

Variations 1

and 2 are of direct relevance, with Variation 2 probably of highest

interest for bunching.

Table 8

MULTI-YEAR ASSURANCES: WAYS TO BUY MULTT-YEAR QUANTITIES

Performance
(contract length)

Single Multi-

Variation Year Year
1. Multi-Year

Procurement X
2. Outset Funding X

3. Outset Funding/
Stockpiling X

Appropriatfons

Amnual
Increment s

In Toto at
Inft{iat{ion
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THE AIR FORCE ROLE

Variation 1 (Multi-Year Procurement)

The Defense Acquisition Repulation (DAR) permits the execution of
a contract for known requirements even it the total funds to be obli-
gated by the contract are not then available. It the contract award

is made on a multi-vear basis, funds are obligated only for the first

'

vear's quantity, with succeeding vears' quantities funded annually

thereafter. In the event funds are not available to support a suc
ceeding vear's quantities, the contract is canceled. The contractor
is protected against loss resulting from cancellation by contract pro-
visions allowing reimbursement of unrecovered nonrecurring costs in-
cluded in prices for canceled items.

From the perspective of the Air Force, this provision seems of
limited use for Variation 1 on anv significant scale. The Air Force
cannot use this provision if the cancellation ceiling (in the contract)

exceeds $5 million unless the Congress approves the cancellation ceil-

ing by statute in advance. This limitation makes this ASPR provision

inapplicable to large or even moderate-size procurements.

)

Variation 2 (Outsct Funding)
For procurement l'und::.l there is no statutorv or regulatory bar
to appropriating funds covering more than a vear's needs. This is
not true of RDTSE funds, which are appropriated tor specific increments
of work to be accomplished during the fiscal vear for which the funds
)
are approved.” Variation 2 appropriates total funds at the initiation

of a program.

l‘l’hv:w represent purchase of weapons, training devices, support
equipment , munitions, vehicular equipment, communications and clectronic
cquipment , and other organizational and base support equipment . Purchase
of weapons includes provisions for fabrication of the svstem, modifi
cation, some component improvement, initial spares and rvepair parts,
replenishment spares and repair costs, war consumables, technical data,
etc.,

“

AP Budoet it deryio

)
e D i Gl 1% Vi

i 1 nual AFM 712=1(c ‘\‘ Vol. I (Policies and
Procedures), Ch. 14, Para. 6. An exception to this policy, known as

"forward financing,” is allowed in a very ltimited sct of circumstances.
td., DODI 7220.24, SV(E)(6); AFR 177-13.
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One Department of Defense Directive3 explicitly allows procurement
of some items before the fiscal year in which they are actually to be
used. Known as advance procurement, this is restricted to the procure-
ment of long lead time items. It is of limited relevance to Variation
2. Nevertheless, there is no statutory or regulatory guidance on the
general question of procurement (cf. RDT&E) of multi-year quantities
with total funding at the outset. The failure to do so appears to stem
from practice rather than prohibition. The crucial stumbling block is

the availability of funds from the Congress.

THE CONTRACTOR ROLE

How can a prime contractor relieve a subcontractor's or a supplier's
uncertainty by making a multi-year commitment, and what risks are in-
curred in doing so? The DAR '"Multi-Year Subcontract" section encour-
ages prime contractors to employ multi-year subcontracting selectively

and only when

The subcontract item is of stable design and specification;
& The quantity required is known and firm;

Effective competition is assured; and

& W N

Multi-year subcontracts can reasonably be expected to reduce

prices.

It states that '"the prime contractor is adequately protected against
cancellation since appropriate cancellation charges for such multi-
year subcontracts are included within the cancellation charge of the
multi-year prime contract." The risk of cancellation of such a sub-
contract (liability for unrecovered nonrecurring costs is apparently
shouldered by the government instead of the prime contractor only when
(1) the prime contract is canceled (and not, for example, when design
changes in the system obviate the need for the item), and (2) the sub-

contract adheres to the four requirements listed above.

3DODD 7200.4, Section III(B), implemented by the Air Force in AFR

172-14.

TR

o
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In most situations, prime contractors chcose not to enter into
multi-year contracts with their subcontractors or suppliers, even should
quantity price breaks be available (multi-year subcontracts are clearly
the exception rather than the rule). This occurs when the uncovered

risks outweigh the possible gains.

SOME_POSSIBLE POLICY IMPLICATIONS RE MULTI-YEAR ASSURANCES

The legal and regulatory framework for making multi-year assurances
seems insufficiently responsive to some of the problems and reforms
called for in a shift away from annual, incremental funding. Possible

policy responses aimed at enhancing its responsiveness are:

o Variation 2 (outset funding):
New uses for advance procurement (other than for long lead
time items) could be permitted.
The policy on procurement of multi-year quantities could
be clarified.

o Multi-year commitments by prime contractors:
Protection for prime contractors entering into multi-year
subcontracts could be extended by (1) providing coverage
of subcontractor cancellation charges despite noncancella-
tion of the prime contract and (2) allowing multi-year

subcontracts to be used to retain a participating subcon-

tractor in a program.

The absence of an express authorization or prohibition conditions use
of each funding arrangement on the provision of funds by the Congress.
An immediate response by the Air Force could be to discuss with the
Congress its needs and the benefits of multi-year assurances. The
Congress would require persuasion that such actions need not involve
their forfeiture of oversight and control.

In these conditions, a bunching policy could be carried out. A
number of variants of a relation between bunching and funding practices

are possible. For example, in the proto-flight concept, normal com-

petitive RDT&E could be used. The winner of that RDT&E competition

B
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might then avail itself of the procurement provisions of Variation 2,

using at that time the stable desipgn of the spacecraft that was pre-

sumably validated by the proto-flight )\h.‘l:u‘..‘ This procedure would

accommodate to the general constraints placed on RDTSE proprams while
capitalizing on the production possibilitics inherent in outset fund-
ing.

The Nature of the Programs Conducted Under Bunching Concepts
The bunched procurement would involve stable, high qualitv, fully

developed articles; would emphasize major tollow-on developments lead-

ing to new generation systems as the means for introducing major new

technology into the space programs: would exploit intensive test-launch-

test sequences; and would compress the time involvement of SPOs and

contractors.

The test-launch-test sequence would be particularly important and

could be done through several representative options.

1. Accelerate the first article, subject it to test-launch-orbital
test. Any changes found necessary would be made in articles

alreadv on the production line.

Zs Test-launch-orbital test the proto-flight article. If that
test sequence is successful, use the proto-flight article as
the stable, proven design that is fhen conmitted to produc-
tion.

g Hold a proto-flight competition, with several contractors,

and with the intensive test-launch-orbital test sequence.

Commit to production the article that @ ns the proto-flight
competition. Such a competition would be more expensive than

the usual methods for contractor selection, but, as one pos-

sibility, the necessarv funding could he provided by part of

/.

&4 4 3 I

Because the proto-flight spacecraft is a tully developed, well-
defined design, it would be possible 7 pyrine’;

{ pie to award the pro-
duction contract to the contractor judped best able to produce the

Al
spacecraft. That contractor need not necessarily be the winner of the
RDT&E competition. Sce the discussion of contractor competition in
M. D. Rich, Competition in the Acquisition of Maj eapon Sy

» Weapon Systems:

Legislative Perspectives, R-2058-PR, November 1976.

-

s
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the anticipated net savings from the bunching concept. Com-

petition would be enhanced by this option.

Even though we can make a persuasive case that, for operational
and cost savings reasons, the notion of bunched launch and bunched pro-
curement merits serious consideration as an attractive alternative ac-
quisition strategy option, we would be remiss in not recognizing that
a number of problems can arise in carrying out such an option. These
preblems are mainly institutional, as are most of the problems surround-
ing acquisition difficulties.

The notion of multi-year commitments through annual incremental
funding is a case in point. There is no statutory or regulatory bar to
implementing outset funding appropriated at the initiation of the pro-
duction program for multiple year production. But it would be difficult
to persuade the Congress that this process did not vitiate its respon-
sibilities for monitoring and validating expenditures, and for review-
ing the balance between program necds and available funds. Nor would
it be easy to convince decisionmakers that the combination of proto-
flight RDT&E, phased acquisition, and outset funding for production is
the most effective and productive way for acquisition strategies to
develop, for the kinds of space programs we have emphasized.

Many contractors would also find bunching concepts and the associ-
ated acquisition strategies to be different from and perhaps less con-
genial than their accustomed way of doing business. The shorter time
involvement of a contractor in the program and the elimination of the
continual modifications and changes over the whole program would remove
one of the ways some contractors spread and adjust their work load. Con-
tractors use this cushion to maintain program continuity and to provide
some funding flow during the entire program duration.

An objection to the bunching notion has also been raised because
of the "sawtooth'" pattern of work a given contractor in a given pro-
gram would have when the compressed bunched procurement phase was fol-
lowed by a bunched launch. The argument is that this would seriously

perturb a contractor's manning flexibility and his capability to make

a transition between programs. It is difficult to evaluate the merits
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of such concerns. Adoption of bunching would, in principle, permit
more space programs to be conducted, thus raising the number of oppor-
tunities for a contractor to become engaged in space developments.
Many contractors use their most skilled and capable personnel mainly
in proposal efforts and in the carly RDI&E phases of programs anyway,
leaving production and exccution of the bulk of the program to other
personnel teams. Bunched procurement is in ihis sense an ex<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>