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ABSTRACT

There is a continuous discussion between the user and the designer
as to what the optimal reliability and durability requirements for a
weapén system such as a howitzer should be. This analysis develops a
rationale for the reliability and durability requirements for the XM204,
10SMM Towed, Howitzer while simultaneously defining a plan to test for
these requirements. The system reliability requirements, subsystem dura-
bility requirements, reliability and durability uncertainties of the
proposed design, and the number of prototypes and test length to establish

reliability and durability parameters, are related to expected cost.
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SUMMARY

This report represents a first effort in an attempt to present
management /decision makers a composite picture of the relationship of
reliability, durability, testings and risk by including quantification
of the uacertainties that the "on-the-board'" designers and engineering
analysts feels with regard to each subsystem within his cognizance. In
order to obtain answers to the question of interest, a collection of
mathematical models were developed which represent the relationships among
these variables. These relationships were grouped together in the form
of compﬁter programs to comprise a Monte-Carlo simulation. A search over
the decision space (e.g., durability requirements, no. subsystems to test)
was then conducted to develop an "optimized solution" in terms of expected
life cycle cost.

The siﬁulation and programs are available upon request but are not
included within this report. Several technical reports have been initiated
as a result of this effort and will be published in the near future. A
complete documentation of the simulation is planned. The authors are
available for comments on any and all aspects of the simulation and this
report.

Based on the assumptions of this study, there is a small probabilicy

of passing DT/OT-11 with the original baseiine requirements (Table 3).

P[passing DT/OT-11] = .218
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The risk (expected loss) associated with these parameters:

Risk = $6,238 billion

The search program, BIG SEARCH, examined the parameter space and
recommended the parameters presented In the Table below., There wer:
significant reductions in the requirements with the exception of tube
durability, The tube durability requirements were raised by BIG SEARCH
retaining the small probability of passing DT/OT-II. This led to the
"state-of-the-art" recommendation. Re-duction of the tube durability
requirement will decrease the probability of reicction, but at the same
time will significantly increase the expected loss due to the additional
maintenance burden. However, one assumption associated with system
rejection is that a system can be developed which meets the specified
requirements determined by BIG SEARCH. This is thought to be realistic
with respect to fatigue fallures, ignoring weight constraints, but not
realistic with respect to tube wear.

If it can be determined that the tube develcpment for the XM204
represents the state-oi~the-art design with respect to tube wear, then
it is recommended that tube wear be ignored as a rejection criterion. If

this is done then the expected loss is reduced to
Risk(E[loss]) = $6,223 billion

and the probability of passing DT/OT-II is increased

P(passing DT/OT-1I) = .61 .,

S e et o e e
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The recommended test plan shows a requirement for a iarge number of back-
up subsystems, with the exception of the carriages as well as a slight
decrease in the truncation point.

The chart below depicts the original requirements and test plan vs.

the recommendations of this study.

Original Recommended *

Durability Accept Reject Accept Reject

Carriage 22,500 22,500 21,000 13,500

Recoil 22,500 22,500 10,500 6,000

Tube 7,500 7,500 State~of-the-art

Breech 22,500 22,500 16,000 7,500
Reliability 1,500 1,500 1,500 400
Test Plan Original Recommended

No. of Carriages 3

No. of Recoils 1 5

No. of Tubes 3 13

No. of Breeches 1 3
Rounds/Weapon 22,500 20,000

The interval between accept and reject is a "fix-up" region.
In this region additional funds are expended to bring the
subsystem (system) to the acceptable level, or a decision is
made to accept the lower figure (See Loss Function).
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INTRODUCTION

There 1s a coutinuous discussion between the user and the designer as
to what the reliability and durability requirements for a weapon system
should be. This is particularly true for weapon systems which are pri-
marily mechanical such as howitzers. The user documents a need (through
the MN or ROC process) for a system possessing reliability and durability
significantly higher than previous systems. The designer on the other
hand feels the user should accept any system which is at least as good as
the existing weapons reliability and durability, since the new design will
undoubtedly possess other characteristics such as increased range, reduced
weight, etc. which the designer feels are the primary reasons for the new
system and are, in themselves, inversely related to reliability/durability.
(He has never been asked to design a totally new system strictly to
increase reliability or durability.) When the discussions are over and a
compromise is reached, the true benefit of the agreed-to requirement to the
Army is questionable. Fach side attempts to provide enough documentation
to support its position.

This analysis develops a rationale for the reliability and durability
requirements for the XM204, 105mm Towed, Howitzer while simultaneously
defining a plan to test for those requirements. The system reliability
requirement, subsystem durability requirements, reliability and durability
uncertainties of the proposed design, and the number of prototypes and
test length to establish reliability and durability parameters, are related

to expected costs.
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Certain of these factors are identified as variables. This lends
to consideratlon and evaluation of alternative courses of action with
the objectlve of reducing expected life cyclu‘coats. The expecced loss
(life cycle cost for this analysis) of an alteruative is identified as
the risk of that alternative in accordance with standard statistical
terminologyl.

This report is structured to present, in sequence, the requirements
to be quantified and the uncertainty of the design engineers, regarding
expected reliability and durability, followed by the loss function which‘
relates actions (e.g., accept or reject system) to test data and the
true value of the parameters. The Input data is discussed including the
test and mointenance costs followed by a test plan which contains an
example of how the test cost and test statistics are generated and what
decision would be made based on them. The study recommendations are

then presented along with a sensitivity analysis of the input variables

and the resulting conclusions.

The report is repleat with strong assumptions which are identified

and which lead tc some suggestions for a follow~on analysis.

1 Ferguson, T.S., Mathematical Statistics, A Decision Theoretic Approach,
Acirdemic Press, 1967.
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REQUIREMENTS

As a result of DT/OT-11 decisions will be made as to the acceﬁ;ability
of the entire system from a reliability viewpoint a&d on each of the four
major subsystems from a durability viewpoint., Therefore reliability
requirements must be specified for the total system and durability require-
ments must be specified for each major subsystem. It was assumed that a
truncated test would be preferred to a fire to failure test for planning
purposes. Therefore, a maximum number of rounds to be fired on each system
or the truncation point must be specified. As a total system configuration
is required to conduct the test, the number of systems to be put on test
must he specified zlong with the number of spare or replacement components.
Also since statistical techniques produce not one but a family of alterna-
tive statements from the same test, the confidence level associated with
the test must be specified. Additionally, each reliability and durabilicy
requirement must be specified. Rejection, fix and acceptance region were
specified by the pairs (RI’Rz) for reliability and (DI’DZ) for durability
(defined in the section '"Logs Function')., Combining the abova, the
following set of requirements must be specified to define the requirements
and statistical test environment for DT/OT-II.

System:

Number of systems on test
Reliability acceptance MTBF - Rl
Reliability rejection MTBF - R2
Truncation Point - Tp

Confidence Level
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Subsystem:
Number ol sparc gubsystcms ~ N
Durability acceptance MTBF - D1

Durability rejection MIBF - D,

The subsystem requirements must be specified for each major subsystem

which are: the carriage, the recoil, the tube and the breech.
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QUANTIFICATION OF PERFORMANCE UNCERTAINTIES

Research scientists and design engineers were interviewed to quantify
their expectations regarding durability of the subsystems under their
cognizance, Reliability expectations were developed by the WECOM Product
Assurance Directorate based upon failure and stress data from the M102,
105mm Towed, Howitzer and expected stress levels and failure modes of the
XM204.

The primary technique used to quantify the durability of the subsystem
was presented by Stanford Research Institute at the 1972 LS Army Operations
Research Symposium. In ecsence, the deuign engineer is required to choose
between two lotteries. Lottery No. 1 concerns the durability of the sub-
system., The design engineer will win, say, one million dollars if the
durability of the subsystem will be demonstrated less than X rounds (X is
specified by the interviewer). Lottery No. 2 concerns the spin of a pointer
on a wheel, see Figure 1. The design engineer will win one million dolla: -

if the pointer falls within the red sector. After a choice has been made

Figure 1

by the interviewee, the red sector is increased or decreased with the
object of making the interviewee indifferent between the lotteries. When

the indifference has been obtained, the percentage of the exposed red

s o A AR T y T R
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gector 1s recorded as the belief of the interviewee in the occurrance of

the event - subsystem durability is less than X rounds.

P[durability < X] = % red sector

. The process is repeated for various values of X until a probability

distribution can be drawn. Two experts were interviewed for most of the
major subsystems for which a durability requirement exists. The experts
were either engineers working on the design of the subject subsystem or
physical scientists with knowledge of the subsystem.

Figures 2 through 7 present:

a. The raw data; responses between interviewees are distinguished
by symbols.

b. The distribution fared through the raw data.

c. Optimistic and pessimistic distributions used for sensitivity
analysis.
The distributions were "eyeballed through the raw data with weighting
toward the data of the more expert of the interviewees. The optimistic

and pessimistic curves were drawn to maintain the '"shape' of the distrie

bution through points approximately 25% on either side of the median (50th

percentile) estimate.

These data were input to the computer simulation in the form of a

discrete distribution., The probability content of an interval was obtained

(by subtraction of probability values at endpoints of the interval) and
assigned to the midpoint of the interval. These distributions are pre-

sented in Table 1 for the distribution fit to the data.




The distributions quantify the uncertainty essociated with the
expected number of rounds to fallure. The breech safe life and tube
fatigue safe life were estimated to be one-third of this value. The
expert opinion on the minimum safe life was higher than the optimistic
estimates on tube wear life; this led to consideration of only tube wear

in regard to estimating tube durability

10
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THE LOSS FUNCTION

The purpose of the loss fuaction is to estimate the expected losses
(expenditures) which will occur when action is taken in accordance with
the belief that the state of the system 1s S' when, in fact, it is S.

The contractually specified performance parameters, reliability (R)
and durability (D), are considered to be bounded by military necessity or

cost-effectiveness. From the military necessity standpoint, reliability

can be translated into the requirement that a battery, fire on the average,

a specified number of rounds during a mission. A system with a lower

reliability will, on the average, fire fewer rounds. Increasing the

number of systems per battery will achieve this goal of a minimum-expected-

number-of-rounds/battery/mission. If the resulting design of the systems
does not meet the specified limits, this alternative can be used as an
upper bound on the cost of the second alternative, that being to "fix-up"
a marginal system. In all cases an additional alternative is to cancel
the program and live with the existing system. The term "fix-up" as used
here means that a reliability growth program will be entered. A sequence
of design-test cycles will be conducted un%il the reliability is grown to
the required level.
Similarly, durability is a requirement on the life of a system.

Durability can be translated into the requirement that a system, on the

average, survives a specified number of rounds before requiring an

18




overhaul, or replacement when overhaul isn't applicable (i.e., tubes). A
system with a lower durability will, on the average, survive fewer rounde
before an overhaul is required. The cost of this lower than desired
system durability can be estimated by the expected increase in overhaul/

maintenance actions, over a suitable time frame.

Reliability Loss Function, L{(R,R')

Definitions:

R =~ true value of system reliability
R - statistical estimate of R based on test data

R' -~ =R2 if R not significantly less than R2 (based

on statistical test of hypothesis)
=R if R is significantly less than R?

R. - a value of R' which is less than or equal to R1

is cause for system rejection

R. - a value of R' which is greater than or equal to R2
is cause for system acceptance with regard to relia-
bility. This value is viewed as a requirement designed
to insure that the expected number of rounds fired by a
battery in a particular mission will not be below a

specified level.

L(R,R') - is the costs incurred in taking a course of action
when R 1s the true reliability and R' its

estimate.

19
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Consider a pair (RI’RZ) to be defined such that if the true system
reliability R were known, the following actions would occur (depending
on R):

1. R g_Rl = Action: Reject entire system

2. R1 <R <« R2 = Action: Fix - the system will be made acceptable,
by entering a reliability growth program or fielding more systems per
battery to insure the expected number of rounds criterion.

3. R2 < R = Action: Accept the system with respect to reliability.
Unfortunately, the value of R is not known. Statistical techniques will
provide an estimate, ﬁ, from test data. This value will be compared to
R2 to determine if R 1s significantly less than R2 on a statistical
basis. If the test does not show a significant difference then action
will be taken as though R' > Rz’ otherwise we will take action as though
R' = R.

Consider the reliability decision space divided into three regions

as shown below.

rejection N fix ) accept

The actual or true reliability, R, could fall into anyone of the three
regions. In addition, when we test the system the estimate R' could
also fall into anyone of the three regions. As we increase the sample
size of our test R' should asymptotically approach R, however, the cost

of the test will also increase. As we lower the test cost or reduce the

20




" sample size then the expected difference vetween R and R' will increase.

Therefore, there are nine possible states that could occur. They are:

» L
Case 1 _l!_l{~+_ R G—
Case 2 R R'! .
 § v
Case 3 R , . R!
g B
Case 4 R' | R s
L T
Case 5 . R'R \
L B y
Case 6 . R , R
' v
Case 7 R', , R
L | L 2
Case 8 N R' , R
v 1
L. e 9 . L R'R
\ L 20

Figure 8

The following discussion outlines a method for estimating the expected
losses incurred for each of the three possible 2ecisions when, in fact, R
is the true system reliability. The nine cases as outlined in Figure 8 are
grouped according to the decision that is made. Contained within the dis-
cussion of each case are several cost figures which are referred to as
Cl,Cz,C3, etc. The rationale in developing these cost figures are contained

in the section "Cost Derivation.," The definition of each are as follows:

C, - The cost of extending the life of the present (M102/M101A1)
system during a new development program (6 years)

21




C2 - The cost of a new development program

C, - Cost of procuring and operating a second generation design
during the remaining planned 1life (14 years)

C, - Cost of the planned first years procurement
C. - Cost of a redesign effort to correct a R failure mode

C. - Cost to procure one XM204

C. -~ Cost to operate and maintain one XM204 over 20 vears

Decision:

Accept: LRR' - Case 9

o

Under this case the true system R 1s acceptable and as a result of
the test the system is accepted. The correct decision is made and the
only cost incurred are the cost to procure and the cost to overate the
weapon over the 20-year life cycle. The cost of reliability failures over

the 20-years is based on the actual MRBF of the system.

Lg(R,R') = (C7+C9)(No of Systems) + (947.65) (Total Ruds)/ (MRBF)

Accept: o\ R

i
v L

R! - Case 6

Under this case the true system R lies within the fixup region and
as a result of the test the system is accepted. An incorrect decision
was made and the cost associated with this decision are as follows. Since
it is thought that the system is good we go ahead with the first years

production. However, after the first years production it is assumed that

22




it will now be discavered that the true R is not as good as thought. A

product improvement program is initiated and thé system reliability is

i grown via a redesign-test cycle until the true system R 1s acceptable.

/ Now since one years production has already been made a retrofit program ;
will be needed. To cost this out it was assumed that it would cost a

- fact.r of two times the cost of an ordinary reliability growth program

had it been determined (i.e., the right decision made) before the first

years production was made, that the true R was not acceptable.

; | LG(R,R') a (C7+Cg)(No of Systems )+ (2)(R growth cost)

Accept: R , R’? - Case 3

i
\{ L

f Under this case the true system R 1is definitely not acceptable,

i but as a result of the test the system is accepted. An incorrect decision

was made and the cost associated with it are as follows. Since 1t is

thought that the system is good we go ahead with the first years produc-
tion. It is assumed that it will now be discovered that the true system
R 1s definitely unacceptable, and the total system will be rejected. The

cost of the first years production will be lost and a new development pro-

gram will be initiated. The present system will have to be maintained and
operated during the new development program which is assumed to last six

years,‘per AR 1000-1.

L3(R,R') =C + C2 + (Ca)(No of Systems) + Cu
4

23
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Note: It is assumed that as a result of the neh development program
the neu system will meet the specified MN requirements - This

applies to all cases where a new development program is entered.

Reject RR' , - Casgse 1

(|
L § —¥

Under this case the true system R 1is unacceptable and as a result
of the test the system 1s rejected., The correct decision was made. A new
development program will be entered and the life of the present system
will be extended. In addition, the cost nf the prototypes and test cost

for the first design will be lost.
Ll(R,ﬁ') =C + 02 + (C3)(No of Systems) + Cost of Prototypes

+ Test Cost

Reject: R', R - Case 4

Under this case the true system ' R 1lies in the fixup region. As a

result of the tust the system is rejected. Therefore the cost described

for Case 1 are incurred.
L“(R,R') = Cl + C2 + (C3)(No of Systems) + Cost of Prototypes

+ Test Cost

Reject: R', R - Case 7

L

-

Under this case the true system R 1s acceptable. As a result of

the test the system is rejected. Therefore the cost described for Case 1

are incurred.
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L7(R,R') - Cl + C? + (CB)(No of Systems) + Cost of Prototypes

+ Test Cost

Fixup: , _R'R - Case 3
T

—

Under this case the true system R 1lies in the fixup region. As a
result of the test the reliability growth program is initiated. The cor-
rect decision was made. The cost and length of the growth program is based
on the minimum of the true and estimated reliability. Rationale: 1If
R >'R' we would allocate enough dollars to grow the program from R',

Once the funds are allocated it is seldom that they are returned. 1If
R' > R once the growth program is entered it will soon be obvious that R

is not as high as thought and the system will not pass the test until the

true R 1s acceptable.

LS(R,R‘) = (C7+C9)(No of Systems ) + Cost of R Growth Program

Fixup: - R' } R - Case 8

Under this case the true system R 1is acceptable. As a result of
the test a reliability growth program is initiated. Funds will be allocated j
based on R'., It should soon be learned that the true R is acceptable, ‘
but since the funds have been allocated the growth program will continue.

This will increase the true R which will lower the total life cycle

reliability cost.

L8 = (C7 + Cg)(No of Systems )+ Cost of R Growth Program
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Fixup: R R! - Case 2

3
L4

-

Under this case the true R 1s unacceptable. As a result of the
test a reliability growth program is initiated. The funds for the growth
program will have been sunk and soon it will be realized that the system
should be rejected. Consequently, a new devglopment program will be

started, and the cost of Case 1 will also be incurred.

L?(R,R') = C1 + C2 + (C3)(No of Systems) + Cost of R Growth

Program

Durability Loss Funetion L(D,D')

There are two basic differences between the r:liability loss function
and the durability loss function. The first is that there are durability
requirements at the subsystem level while reliability requirements are
only at the system level. The second is in the concept of fixing a
marginal system for reliability vs. accepting an increased maintenance

burden for durability.

Definitions:
D -~ true value of subsystem durability
D - estimate of subuystem D based on test
Dl - a value of D' which is less than or equal to D is

cause for subsystem rejection

o
[}

a value of D' which is greater than or equal to D
is cause for subsystem acceptance with regard to
durability

26
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D' = 02 iIf D not slgnificantly less than D

')
P

«D if D 1is significantly less than D?

For each subsystem a pair (DI’DZ) will be defined such that if the true
subsystem durability D were known the following actions would occur,
(depending on the value of D).

1. D <D, = Action: Reject subsystem

2, D ‘§_D < D, » Action: F'xup - The cost incurred to maintain

1 2

the subsystem at D vs. D, will be used as an upperbound for the cost

2
of this action.

‘ 3. D2 < D = Action: Accept subsystem, plan to maintain subsystem
based on D2 being the true durability.
However, the value of D 1s not known. Statistical techniques will pro-
vide an estimate D from test data. This value will be compared to D2
to determine if D is significantly less than D, ona statistical basis.
If the test does not show a significant difrerence then action will be
taken as though D' > D,, otherwise we will take action as though D' = D.

Similar to the reliability decision space, the durability decision

space is divided into three regions as shown below:

Reject , Accept/Marginal , Accept
T T

Dl D2
As with reliability the true durability D could fall intn anyone of the
three regions as could the estimate D', Therefore, there are nine

possible states that could occur. They are:

27

TN e i s ey At A A B

g Ky N eay Tod ity i
gl D I NGRS 8 P




Case 1 D' | \
L) )
Case 2 D | D' .
Case 3 D L, D
Al T -
Case 4 D' | D L,
Case 5 . DD' .
Case 6 . D , D!
) d v
|
| Case 7 D' . D
i |
! Case 8 - D 4 D
Case 9 . , DD’
Figure 8 i

There are only three instances where the decision would be to reject
the subsystem, namely Cases 1, 4 & 7., If any subsystem is rejected then
the cost incurred are the same as those that would occur for a reliability
rejection. A new development program will be entered and the life of the

present system will be extended. In addition the cost of the prototypes

and the test cost for the first design will be lost.

Ll Y 7(D,D') = Cx + 02 + (Cé)(No of Systems) + Cost of Prototypes
»7e

+ Test Cost




In all other cases the subsystem will be accepted, however, the
expected number of renewals E[N] (overhauls) will differ depending on
the decision space. For Cases 2,3,6 & 9 the expected number of renewals
will be calculated based on the true mean time between durability failure
D. For Case 8 the estimate D' will be used to calculate the expected

number of fallures. And for Case 5 the minimum of D and D' will be used.

L2,3,5,6,e,9(D’D') = (E[N])(Cost/overhaul) (No of systems )

For Cases 2,3,6 & 9 the test estimate D' is the mean time between
overhéul thg subsystem is thought to have. Once the end item is fielded,
the true durability D 1is the actual maintenance burden that will be
exhibited, therefore, the expected number of renewal based on D 1is the
true cost. It would have been planned to overhaul at D' but, on the
average, the subsystem would have to be overhauled at D.

For Case 8 the planned overhaul time would be based on D' and since
D> D' it will not be possible to take advantage of the full designed
durability. Therefore, the E[N] is based on D',

For Case 5 the calculation of E[N] 1is based on the Min(D,D'). 1If
D>D'" then D' will be used as for Case 8. If D' > D then D will

be used as for Cases 2,3,6 & 9.

Total Loss

The total expected cost if the system is accepted, is the sum of the

reliability and durability losses. However, if any subsystem is rejected
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for durability or if the system is rejected for reliability then a total
redesign stage 1s entered. Jt 1s assumed that no matter what magnitude

of improvement is required ¢ 'ng the redesign stage, when the 'new"
system is tested it will meet all MN requirements regardless of what level
the requirements are set at. The expected number of durebility and
reliability failures for the "new'" design are calculated on the basis of

the MN requirements over the remaining 14 (20-6) years.

Best Available Copy
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COST DERIVATION

Cost of the Reliability Growth Program

The observed reliability, R', of the system during DT/OT-II may

satisfy the relationship

Rl(rejection) < R' < Rz(acceptance) .

The system is considered marginal and further development will be reqﬁired
to increase the reliability.
Studies performed by AMSWE-QA have shown that the reliability growth

of WECOM commodities can be approximated by the relationship

log 6 = a log t + B (1)
where
0 = mean rounds between failure

t = time on test .

The implicit assumption is the above relationship is that failure modes
are observed in testing and ameliorated by redesign.
Under the assQ?ption that reliability failures are exponentially |

distributed, the mean-tnunds-between-failure (MRBF) of the system is

computed as

90 = -(mission duration)/loge(mission reliability)

3l
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Consider the case in which Or Is the required value of 6, but

during DT/OT 1II it is recognized that

S A N e

-2 T

Consider that the value 9, is not cause for system rejection so

P T

that a reliability improvement program is initiated.

Srre s

The first phase of the program addresses redesign to ameliorate the

et

conditions discovered during DT/OT II. This effort increases the MRBF to

where:

log( ) = a log(t} + log(e ) (2) ;

where
t = total rnds fired on test.

The last term in Equation 2 was derived from the assumption that the MRBF
of the system after the first rounds of testing was 60.

Further testing-redesign cycles will increase the reliability
according to Equation 1. Assume that every failure observed in test is
the subject of a redesign effort which causes this increase in reliability.
After the redesign of the components, the expected time to the next
observed failure is 6, . The increase in reliability as a result of this

1

observation-redesign sequence is 6 :

.

1 0 =1 6. + 1 )
og » og 1 a og 1
= log ea+1
1
or
o = o%1 |
2 1
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Similarly,

2
- efu+1)

and

6

- a(cﬂ-l)“-1
n 1

Tc meet or exceed the required ©

(a+1)™"1

log 91

> log er
(n-1)log(a+l) > log(log er/log Bl)

log(log er/log 01)

n>1+ =n' -¢
log(a+l)
where
n' is an integer
and 0<e<l .

Therefore the expected number of redesign efforts is n'. 'The expected

N

number of rounds fired is

n'~1
t'= ¥ @
f=1 *
or
n'-1 i-1
t''= % ei°+1)
im=]
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The total expected cost of the reliability program is:
Cost of Rel. Growth = t:'°cr + n'-ce

where
cr = cost to fire one test round

ce = expected cost to redesign and fabricate components

C1 - The cost of extending the life of the present system (M102/M101A1)
during a new development program (6 years). Six years is assumed as
the maximum time for a redevelopment program based on AR 1000-1

guidelines.

Rounds per year - In determining the average expected rounds to be

fired per year per weapon, a 20 year useful life was considered.
CDC recommended that for each 10 year period consider 8 years peace
and two years war. The MN mission profile was used for wartime usage

and CTA 23-100-6 was used for peacetime usage.

(4 yrs war) (145 mission/yr) (100 efc/missions) = 58000
(16 yrs peace) (250/yr) = 4000
Average efc rounds/yr = 3100 62000 efc/20 yrs

Annual operating cost

Repair Parts (3100) (.84/rd*) 2604.0

Ammo (3100 ) ($7640/253%) 93610.7
I. L. S. 6243.0%

(310,755/overhaul) (3100)

Overhaul Cost (20,000 rd/overhaul) 1667.0
167881.7
Crew 67723.0*
Overhaul 1605.0
167209.7

*
Ref. cost figures furnished from SWERR-A-SM (Appendix A)
34




Six_yvar operating cost/weapon

Cl = ($1,003,258) * (No of systems deployed)

Cost of a new development program, "a new development program'" here
means that the present (18t) design of the XM204 does not pass DT/OT
and a total redesign effort is initiated. Cost wise, this will be
assumed that it will last for six years (AR 1000-1). This includes

the time from initial redesign through another DT/OT test pha:e.

The present total planned cost for the XM204

development - $20,000,000.0
This consists of R&D development cost + prototype cost

+ DT/OT cost. The R&D development cost is = 14,754,000.0
Expected prototype + DT/OT cost = 5,246,000

However, the prototype cost and the test cost will be a function of
the test design, that is, the number of test weapons and total number

rounds fired.

4
C2 = $14,754,000 + I ciNi + E[No of rds fired]) (cost/rd)
i=1
th
where C, = cost of {1 subsystem

N, = number of subsystem plus

spares for the test

Cost of procuring and operating one weapon of the second generation
design during the remaining planned life (14 years). It is implic-
itly assumed that this '"second” design will meet the specified MN

requirements.
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C3 Cont'd

Cost to procure

Annual operating cost/system

Crew

Overhead

Ammunition (3100) ($7,640/253%)
I. L. S.

Repair parts costs

Average cost of a part replacement for a R
failurekr*

Add 50% stock, store and issue cost pius an
average of 3.5 man-hours @ $7.50/hr to
get the average cost of a R failure

This $593.32 is in 1969 dollars. The
inflation rate to FY 73 coet (Table I of
CP letter)

Since we are costing out for 20 years
starting in 1975, (i.e., 1975-1995) the
1985 inflation rate will be used as an
average (Table V of CP letter)

Repair parts cost = $947.65 x E (No of R failures )

- £947.65) (Total rnds fired)

(MRBF)

Overhaul cost

» E[No of overhauls for recoils] x cost/recoil
+ E[No of tube replacements] x cost/tubes
+ E[No of carriage overhauls] x cost/carriage

+ E[No of tube replacements/3] x cost/breech

36 .

$ 57,000.C

67,723.0
1,178.0
93,610.7

6,243.0
$168,754.7

378.05

593.32

X 1.21

717.92

1.32

" 947.65
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C3 Cont'd

The breech replacements are based on replacing the breech
after every three tubes
C3 = (Procurement Cost) + 14 + (Annual Operating Cost)

+ (Reliability Repair Parts Cost) + (Durability/Overhaul Cocst)

Procurement Cost = 57,000.0

14 x Annual Operating Cost | = 2,362,565.8

947.65 (Total Life)

= 2419565.8 + (MRBF).

C3 + Overhaul Cost)
* : .
ref. CP cost figures furnished by SWERR-A-SM (Appendix A)

based on M102 data -- (does not include Recoil, Tube,
Breech or Cannon)

NOTE: Expected number of overhauls/replacements used in the
overhaul cost are calculated based on Steady State
renewal rates (i.e., 1/MRBF). Recognizing that this
is a pessimistic value, it is felt that this does
represent a reasonable upper limit on the number of

overhaul/replacements.
C4 - Cost of planned one year procurement.

The estimated cost of the first year's procurement

based on SWERR~A~SM estimates is = $7,347,500.00

This includes building 28 weapons and the associated Engineers

Support Cost, tooling and gage cost programmed for FY 76
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C¢ - Cost of a redesign effort to correct a R failure mode. When a
reliability growth program is entered a part or subsystem will be
redesigned and the "new" redesigned component will then be built
for further testing. Lesign engineers provided the following
estimates for the cost of the redesign effort which includes the

cost to build the new parts.

From SWERR-A-SM
"a" - optimistic value = $500.
- "m" - most likely value = $3,000.

"b" - pessimistic value = $10,000.

Assuming a Beta distribution the expected cost is

at4mtb _ (500)+(4) (3000)+10000

E[T] = 3 3 = $3,750
TT = 1/6(b-a) = 1/6(10000-500) = 1583.33
p-1,. \q-1
f(x) = X (1-x) r'(p)T(q)
8(p,q) where B(p,q) = —L-(Lr(p+q)
mean = % = E[{T]-a - 3750-500 - L3421

b-a 9500

(g-1) = 1/ + 2 = (1/.3421) + 2 = 4,92312
q = 5.92312

W o e® _ 3000-500

x b-a 9500

= ,26315
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-1) = (a- My o £4.92312)(.26315)
(p-1) = (q-1) M_/(1-M) (1-.26315) = 1.75817

p = 2.75817

e b o A e AT

The value of 06 Is then obtained by randomly sampling from the

distribution defined by ?

foo - oL 75817 )y

B(2.75817,5.92312)

4.92312

C7 ~ Cost to procure one XM204,
The present estimate of the production cost on one

| XM204 is | = $57,000.00

C9 - Cost to operate one XM204 over its projected life (20 years); does

not include overhaul and parts replacement cost.

Crew . $ 67,723.0%
Overhead 1,178.0%
Ammunition (3100) (7640/253) ) 93,610.0%
Integrated Logistic Support 6,243, *
$168,754.7/year
20 years
$3,375,094.0 ;

*
Cost from SWERR-A-SM
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PARAMETER SPACE

The procedure adopted tor pursuing the objective of the study was
to search over the relevant variables as presented in Table 2, and choose
that combination which yields the lowest expected loss.

The system reliability requirement for the XM204, states a minimum
acceptable average number of rounds between failure (MRBF), Ref. 1.
This requirement assumes MRBF to be constant during the operating life of
the system. A constant MRBF will be assumed for this study with respect
to reliability. Subsystem durability requirements are expressed in terms
of a subsystem operating no less than a specific number of rounds with a

specified probability; e.g.,

Prob [Subsystem Life > 500 rounds] > .5

A direct search with acceleration was adopted for searching the
parameter space for parameter vectors yilelding lower expected losses.
This routine makes steps on either side of the baseline to establish a
direction for each of the parameters (variables in this cbntext) and
takes larger or smaller steps in the established direction (constrained
by a specified number of step cuts), until not further improvement can
be made in the objective function, which in this case is expected loss.

The initial baseline reliability/durability validation test plan

and requirements are presented in Table 3, The test of hypothesis

40




confidence level (Table 3, A6) pertains to the test conducted on the
statistic under consideration. (i.e. test data is used to generate a
statistic which estimates durability, say 6. Is D significantly
different than the desired durability Dz?) The probability associated

with the reliability/durability parameters (Table 3 Bl-4) are shown in

Figure 10.
Subsystem Durability Probability
1) Prob (Carriage Failure < 22,500) < .50
2) Prob (Recoil Failure < 22,500) < .50
3) Prob (Tube Wear Failure < 7,500) < .50
4) Prob (Tube Fatigue Failure < 7,500) < .001
5) Prob (Breech Fatigue Failure < 22,500) < . 001
Figure 10
41
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TABLE 2

A, Test Parameters
1. No. Carriage Subsystems
2. No. Recoil Subsystems
3. No. Tubes
4. No. Breech Subsystems

S. Truncation Point (Each carriage will fire to failure or

truncation point)

6. Test-of-Hypothesis Confidence Level

B. Reliability/Durability Parameters
i. Reliability Rejection Region (O’RI)
2. Reliability Acceptance Region (Rz,m)
3. Durability Rejection Region (O,D])

a. Dl (Carriage)

b. D1 (Recoil)

c. D (Tube)

1
d. D) (Breech)

4, Durability Acceptance Region (Dz,m)

a. D, (Carriage)

b. D (Recoil)

2
c. D? (Tude)
d. 02 (Breech)
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TABLE 3

BASE LINE PARAVRTERS

Test Parameters

1. No. Carriage Subsystems ~ 3
2. No. Recoil Subsystems - 3
3. No. Tubes - 12

4., No. Breech Subsystems ~ 3
5. Truncation Point - 22,500

6. Test-of-Hypothesis Confidence (Assumed) - 90%

Reliability/Durability Parameters

1. Reliability Rejection, RI = 1500
2. Reliability Acceptance, R2 = Rl
3. Durability Rejection, (O,Dl)

a. D, (Carriage) = 22,500

1
i
b. D (Recoil) = 22,500 é
l
[

c. D (Tube) = 7,500

d. D (Breech) = 22,500
4. Durability Acceptance, (Dz,m)

a. D, (Carriage) = D, (Carriage)

R R e Ve i g f

b. D (Recoil) = D1 (Recoil)

2
c. D2 (Tube) = Dl (Tube)
d. D2 (Breech) = Dl (Breech)
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TEST PLAN

During DT/OT a certain number (Nl) of howitzers will be placed on

test. For testing purposes the howitzer is composed of one critical sub-

system (the carriage) and several major non-critical subsystems (recoils,
tubes & breeches). Each howitzer will be fired until one of two events
occur:

(1) a carriage durability failure occurs,

(2) a specified number of rounds, tp’ have been fired.

A maintenance support test package will accompany each weapon and among

its contents will be Nk spare prototypes for each of the major non-

critical subsystems (N2 - Recoil, N3 -~ Tube, N - Breech).

y
A total system configuration is required to conduct the test,

however with respect to probability of failure, each subsystem is assumed

independent. During the course of the test as each non-critical subsystem

durability failure occurs, the failure time is noted, and the failed

subsystem is replaced until either:
(a) all of the spare prototypes of type k have suffered a dura- :

bility failure, é
(b) the carriage has suffered a durability failure or has fired tp %

rounds.

If <11 of the spares of a particular type subsystem have failed before (1)

or (2) above occur, then that subsystem will be "patched-up" to allow the
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“est to continue until either (1) or (2) does occur. However, no additional

information will be collected on that weapon for that subsystem.

L e,

When a reliability failure occurs for any subsystem the failure time
is noted and the failure is repaired to allow the test to continue. The
repair will be assumed as-good-as-new and each reliability failure is
assumed independent. |

A hypothetical design and observation of this type of test is shcwm

e e TR P T Tty e

in the following example:

Examﬁle 1:‘
| Number of Carriages, N1 3
f Number of Recoils/carriage, N2 4 (original + 3 spares)
i Number of Tubes/carriage, N3 7 (original + 6 spares)
Number of‘Breeches/carriage, Nu 2 (original + 1 spare)

tp = 22,500 rounds

The above test design depicts a test where three howitzers
will be fired for a maximum of 22,5C0 rounds each. Each
carriage has three spare recoils, six sparz tubes, and one

spare breech in its maintenance support test package.




Example: (Cont'd)

Test Observations

Reliability Failures

Carriage 1 3083, 5667, 15594
Recoil #1.1 8766, 10729
Tube #1.1

Tube #1.2

Tube #1.3

Tube #1.4

Breech #1.1

Carriage #2 8020, 16672
Recoil #2.1

Recoil #2.2 13587, 18178
Recoil #2.3

Tube #2.1

Tube #2.2

Tube #2.3

Tube #2.4

Breech #2.1 22498

Carriage #3 5552, 9229, 18178
Recoil #3.1 11443
Recoil #3.2

Recoil #3.3 22498

Tube #3.1

Tube #3.2

Tube #3.3

Breech #3.1

46

Durability Failures

No

No
No

No

No

No
No

No

No

No
No

15597
observed failure

6648

8823

14402
observed failure

obgerved fallure

observed failure
9166
20293
observed failure
6822
13339
20122 ‘
obgserved failure

observed failure

observed failure
11666
16674
observed failure
7270
17924
observed failure

observed failure




Example: (Cont'd) S !

The above failure times are the number of rounds on the carriage at the

time the failure occurred. Carriage #1 had a durability failure at 15597 S;V

rounds at which time all testing was stopped on that weapon. Tééﬁing on
. Carriage #2 and #3 was stopped at the predetermined truncation point of
22,500 rounds.

Agsociated with weapon #1 were five r~liability failures which
occurred at the times shown. Three of the reliability failures occurred
on the carriage and two occurred on the recoil. The original recoil did
not have a durability failure and lasted until the carriage failed or
15597 rounds. The original tube was replaced at 6648 rounds, the first
spare was replaced at 8823 rounds, and the second spare was replaced at
14402 rounds. The last tube did not fail in the remaining 1195 rounds.
The original breech survived the 15597 rounds.

Associated with weapon #2 were five reliability failures, two which
occurred on the carriage, two which occurred on the 1%t spare recoil and
one which occurred on the breech. The original recoil was replaced at
9166 rounds and the 15t spare was replaced at 20293 rounds. The second
spare survived the remaining 2207 rounds. Three tubes were replaced at
6822, 13339 and 20122 rounds respectively. The last tube survived the
remalining 2378 rounds. The original breech survived the total 22,500
rounds.

Associated with weapon #3 were five reliability failures, three

which occurred on the carriage, one on the original recoil and one oa tha
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an spare recoll. The original recoill was replaced at 11666 rounds and
the ISt spare was replaced at 16674 rounds. The second spare survived
the remaining 5826 rounds. Two tubes were replaced at 7270 and 17924

rounds respectively., The last tube survived the remaining 4576 rounds.

The original breech survived the total 22,500 rounds.

Test Cost
The tota  test cost is the sum of the prototype cost and the firing
cost. For this example these are as follows:

1. Prototype Cost = (N1)°(Cost/carriage) + (Nl)-(Nz)(Cost/recoil)
+ (Nl) . (Na)' (Cost/tube) + (Nl) ~(NL,)° {Cost/breech )
= (3)(Cost/caxrriage )+ (12)(Cost/recoil)

+ (21) (Cost/tube) + (6) (Cost/breech)

2. Firing Cost = (Rnds fired on Carriage #1 + Rnds fired on Carriage #2
+ Rnds fired on Carriage #3)°+(Cost/round)

g = (15597 + 22500 + 22500) {Cost/round)

Test Statistics

The observations as outlined in Example 1 were generated from the
two parameter Weibull distributions as shown below. Along with the true

values are shown the estimates which are based on the observations.
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Carrisge

Shape

Scale

Recoil

Shape

Scale

Tube

Shape

Scale

Breech

Shape

Scale

Reliability

Shrne

Scale

True

parameter
parameter
with MIBF

parameter
parameter

wich MTBF

parameter
parameter

with MIBF

parameter
parameter

with MIBF

parameter
parameter

with MIBF

Consgider the following

Carriage
Dx 11,000
D, 22,500
Rl
R

N

2.48642
. 449008 x 10
31,613 rounds

11

1.21277
.487712 x 10~
17,728 rounds

5

1.995004
.2712387 x 10~/
5,164 rounds

1.911326
g

.7511624 x 10

5,352 rounds

1
.26666 x 10~
3,750 rounds

3

=y > Ty > R
[ ] [}

T > >y 2>
]

s > 0
H

as the requiremente for the test

Recolil Tube
8,000 5,000
22,500 7,500
49

Breach

15,000
22,500

Estimate

3.15846
775047 ~ 10714
26,152 rounds

2.05138 —
.379892 x 10°8 S
10,644 rounds

2.833641
1150474 x 1071
6,371 rounds -

0

1
.28058 x 1¢
3,564 rounds

3

Reliability

1,790
3,795




then based on the test results the following decision would be made.

Durability

Carriage - Accept - Case 9
Recoil - Accept ~ Case 5
Tube - Accept - Case 5
Breech - Accept - Case 3
keliability - Fixup - Case 6

50




RO i

oo

v (e

I
&

gt

T L

£
o
13
C
:

o

Lol Lot Tl o

o sy = ST o T RO W TR,

RECOMMENDATIONS

In accordance with the definitions prescribed within this report,

the following table outlines the "optimized" results of the simulatiom. -

Test Description

N, - Number

N_ - Number

2
[}

Number

=z
]

Number

TABLE 4 e
of Prototypes to be put on Test - 3
of Spare Recoils/Prototypes - 5
of Spare Tubes/Prototypes - 13
of Spare Breeches/Prototypes - 3

Max Number of Rounds to be Fired/Prototypes =~ 20,000

Confidence Level for Test of Hypotheses - 90X

Requirements

Carrlage

Recoil

Tube

Breech

Reliabilicy

*
No Recommendaticn, See Section "Sensitivity and Conclusions"

- 13,500
~ 21,000
- 6,000
- 10,500
- *

- *x

- 7,500
- 16,000

R - 400
R 1,500

1
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With the abuve test description and requirements, the expected total
test cost is $6,423,010.80 which can be broken down into $3,751,500 for
prototype cost and $2,671,510.80 for ammunition., Other expected values i

associated with the simulated test are shown below in Table 2.
TABLE S

Sample Size = 500 '

E[N ] Carriage Failures During the Test = .948
E[N ] Recoil Failures/Carriage = 5.68
E[N ] Tube Replacements/Carriage = 8.494

|
|
E[N ] Breech Failures/Carriage = .144 i
|
Number of Occurrences for Each Case *
i

Case HNo. i 2 3 4 3 6 7 8 9
Carriage Durability 580 2 15 1 0 27 0 2 403
Recoll Durability 149 O 16 11 1 55 2 4 268
Tube Durability - - - - - - - - - ;7
Breech Durability O 0 0 6 1 127 1 0 365 ;
System Reliabiiity v 0 0 0 0 13 0 2 250 i
*See Section "Loss Function" for definition and explanation of each case.

Probability of Not Rejecring System at DT/OT-IIL

Carriage Durability -~ 87.6%
Recoil Durabilicy - 71.4%
Tube Durability = -
Breech Durabilicy N 99.0%
System Reliability ~ 100.07%
TOTAL SYSTEM ~ 61%

Expected Total 2C year life cycle cost = $6,223,908,800.00

b e
ot LA i
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SENSITIVITY AND CONCLUSIONS

A sensitivity analysis was conducted by varying the input probability
distribution for each subsystem and system reliability as outlined in the
section "“Quantification of Performance Uncertainties.'" The difference in
the total 20 year life cycle cost as compared to the "optimized case'" are

shown below.

Subsystem Direction Difference ($ x 106)
Carriage Pessimistic + .991
Optimistic ~ 2.789
Recoil Pessimistic + 2.6414
Optimistic - 2.7834
Tube Tessimistic + 31.309%
Optimistic - 6.5098
Breech Pessimistic + 5.1265
Optimistic - 2.3168
Reliability Pessimistic + .6306
Optimistic - 7.2014

The esimtate of the standard deviation 0 for the total life cycle cost,
due to random occurrance is -~ $1.3846 x 106, therefore 20 = 2.7692 and
3u = 4,1538 x 106.

Since the rube showed the highest variability and was considerably

outside the 30 range it was decided to further study the tube durability
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requirements. Holding all other parameters at the "optimized" values, the

parameters D1 aqq D, for the tube were varied with the following results.

Probability of Acceptance/
L C
ife Cycle Cost Without Redesign

9

- Db, = 1,000 6.647478 x 10 100%

=D, = 3,000 6.313495 x 10° 99.9%
=D, = 5,000 6.254015 x 10° | | 95.6%
=D, = 7,500 6.243281 x 10° 59.2%
= D_ = 10,000 6.238615 x 10° 27.6%

In ea?h of the above outcomes, the life cycle cost was based on
replacing the tube at D2 rounds. Since there was almost no risk
asgociated with building a tube that would last 1,000 or 3,000 rounds and
the difference in total life cycle cost is above $300 million there is no
reasons not to demand the 3,000 round tube. Similarly, a $59 million
savings can be expected with only a 4% probability of rejection increase
by requiring a 5,000 round tube. As the Durability requirement is increased
to 7,500 and 10,000 the percentage of savings vs. the increased probability
of rejection makes one question the advisability of demanding these higher
requirements. Since the 3imulation considers a $1 savings just as
important as a $1 billion dollar savings in its effort to optimize and in
addition it was assumed (See Section "Additional Work Required') that the

state~of-the-art was no barrier; the simulation forced the recommended

durability values for the tube to the upper boundary set in the simulation.
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Realizing that the state-of-the-art would be a barrier at these high

levels one additional sensitivity run was made. The program test logic

was changed to ignore any tube requirements and the life cycle cost was

calculated based on replacing the tube at whatever wearout life could be

designed for each iteration. (This would be similar to using pull-over
guages.) This resulted in a total life cycle cost of 6.2239 x 109 which
was even less than the case when D2 = 10,000 rounds. in an effort to

explain this outcome consider the following three cases.

; 1)
D, T, Tube Durability
2)
D, D, Tube Durability
3) No decision made on tube

The curve represents the prior probability density of the expected
tube durability parameter. D1 and D2 define the acceptance, rfix
rejection region defined earlier (See Loss Function). Assume the proba-

bility density curve is the same for all three cases,
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In Case 1 the rejection reglon is incensequential in contribution to
the expected loss. The acceptance region is large, but the longer dura-
bility life is not considered as tube replacemeunts are based on the
acceptance requirement D, (See Loss Functlon Case 92). In Case 2, the
acceptance region is inconsequen:tial. The rejection region is high in
probability causing frequent rejection of the system with resulting
expenditures in development of a system thet meets rhe specified require-
ments, D2, for all subsystems; and additional testing funds to validate
these requirements.

Case 2 was preferred to Case 1 as the additional expenditures produce
high durability while much of the predicted durability would not be
vtilized under Case 1,

Case 3 was preferred to Case 2: Again D > D2 occurs with small
probabilicy. Dl <D < D2 results in expenditures which are approximately
the same for Cases 2 and 3. If D « Dl then Case 3 replaces tubes based
on test estimates of durability avoiding the waste incurred by Case 1 and
the expense of a new development program recommended in Case 2.

These recommendations are sensitive to the predicted estimates on
tube durability. A pessimistic prediction of tube wear leads to a
recommendation of Case 2 over Case 3.

The conclusions of this analysis are:

1) Expected loss is highly Jependent on tube durab.ility.

2) Sufficient tube testing should be perfoimed to establish tube

durability rather than base replacements on requirements.
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3) Attainment of higher tube life 18 a basis of rejecting the
program according to tl.e logic of the simulation. A more realistic action
would be initiation of a program to achieve a state-of-the-art tube.

4) A study shculd be initiated after test to evaluate the durability
of the tube compared to the state-of-the~art. A study similar to this
should be performed to determine benefits to be derived from accepting the
tested tube design or, alternatively proceeding with a tube development
program,

5) No decislion reparding a tube durability requirement should be
made at this time in view of the sensitivity of this parameter.

For the carriage, recoil ani breech durability the "D2" values as
shown in the "RECOMMENDATIONS" section represent the racommended design
goals or accentance values for each subsystem. The sensitivity analyais
conducted by varying the prior probability distribution for each subaystem
show that if the designers risk prefile were in error up to 252 in either
direction, the difference in the total expected loss in still cloge to the
variability of the simulation and therefore the results are not overly
sensitive to these inputs within the *25% bands. The analysis of the
simulation indicates that the reduced maintenance/replacement cost that
would result by raising the D. values doec not offset the expected
increase in loss due to the incieased probability of system rejection and
the associated redesign-retest and related cost.

The D, vaiues represent the minimum acceptable durability values.

Any subsystem design which falls below thes. values should be rejected.
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Below these points the combination of redesign cost, retest cost roba-

bility of rejection, and cost of centinuing the present system are

favorable as compared to the increased maintenance/ceplacement cost that

would he incurred by fielding a weapon system with these low values. i

For system reliability the R value represents the design goal and

-

3
=2

the reljability value at which the system should be fielded. The Rl
value represents the lowest value for which it would be advantageous to

enter into a reliability growth program and grow the system reliability

to R_. (This is based on a '"Duane'" growth model with a slope of .523.)

An aralysis of the simulation indicates that this growth slope is

extremely optimistic and that a more realistic growth model needs to be
developed before any recomrendation can be made on the value for Rl'
If the system reliability falls below Rl then the syster should be

rejected and a complete redesign effort should be initiated. Until a

more realistic growth model can be incorporated into the simulation, it

is recommended that reliability level presently exhihited by the M102 : fo o

i,e, 400 =nds. ; ef,f

105MM Howitzer system be used for R
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ADDITIONAL WORK REQUIRED

As with any . uvJdy concerned with cost-effectiveness analysis certain
agsumptions must be made when formulating the study. Since this study was
the first attempt to optimize the design requirement in this manner there
were several areas where simplitying assumptions were made which now
deserve further study. The following is a list ot these assumptions and
the recommended work to be done in each area.

Assumption ! - Throughout the Loss Function, whenever the system was
rejected, 1t was assumed that the next design effort
would produ:e a system which would meet all of the
specified design requirements.

Work Regulred - Tue difference between the performance levels demon-
strated and those required should be examined., Feasible growth rates
should be examined and comparisons with the state-of-the-art should be
made. Instead of assuming the next design will be acceptable, the sub-
jective input distribution should be adjusted in accerdance wit]. feasible
growth rates within the time allowed and the couplete test cycle shculd
be reiterated. For cases where an advancement :r the state-of-the-art {is
required the cost assocliated with the design effort should be weighed
accordingly.

Asgumption I - I{ zny one subsystem, any combinaticn of subsystems or
the entire system was rejected as a result of the test,
it was assumed that a complete system redesign would be

made,
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Work Required - Determinations must be made as tc which subsystems or
the failure to meet which requirements will cause a complete redesign
etfort. 1f some combinations will not require a complete redesign then
individual growth curves should be developed for those combinations so
that a limited redesign or growth program can be programmed into the model.
In addition it must be determined how the redesign system will be tested

for acceptance or if it will be tested at all.

Assumption 3 - For the reliability loss function, case 6, it was assumed
that the cost of a retrofit program would double the
Qeliability growth cost.
Werd: Required - A better rationale for the cost of a retrofit program
should be developed. Those weapuns from the first years production may

not be retrofit until they are overhauled, if at all.

Assumption 4 - During the exerrise of the test phase, it was assumed that
each weapon had its own individual maintenance support test
package containing the major subsystem replacements.

Work Required - An alternative model should be developed in which the
spare subsystems are contained in a common maintenance support tast package

and can be used on any weapon.

Assumption 5 - In obtaining the life cycle cost it was assumed that in the
case of durability components, they would be replaced when
failed except for the breech which was replaced after every

er tube.
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Work Required - The durability replacement concept in the program

needs to be changed to allow several maintenance options to be considered.

The options for each subsystem are as follows:

Carriage - overhaul

1. overhaul only when durability failure occurs, Tf

2. overhaul after every Tp rounds or when failed if
1f < Tp
3. overhaul after every 1th tube or when failed 1if

Tf < (1 - Tube Life)

Recoils - overhaul

1. overhaul only when fallure occurs zand when carriage is overhauled
2. overhaul after every Tp rounds or when failed 1if 'l‘f <T

and when carriage is overhauled
3. overhaul after every ith tube or when failed if Tf < (1 - Tube

Life) and when carriage is overhauled

Tube - replace with new one

1. replace only when worn out and when carriage is overhauled
2. replace after every Tp rounds and when worn out if Tw <T
and vhen carriage is overhauled
Note: When carriage is overhauled the tube will not be replaced
if it has more than X% of its life left.
Breech - replace with new one
replace a1 er every 1Lh tube or when failed if Tf < (1 + Tube

.Lifc) and when carriage is overhauled if the breech has less

than X% of a tube life left
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I a subsystem 1s overhauled or replaced before 1t fails then that regener-

ation point will not be counted as a durability failure. The expected

number of renewal calculations should be modified to allow for the above

options.

Assumption 6 - Whenever a reliability growth program is entered it is
assumed that the required testing-redesign cycle can
be accomplished before production begins.

Work Required - The time required to grow the system to an acceptable
value should be examined. If the time is extensive the program will have
to be delayed and the life of the present system extended.

Assumption 7‘— The slupe of the reliability growth program was
assumed deterministic.

Work Required - A probabilistic growth rate should be developed based
on max, win and most likely values. The "Duane" type of model needs to be

modificd to realistically represent howitzer development efforts.
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i APPENDIX A

% This appendix contains the detailled operating costs along with the

z supporting rationaie for the XM204, M102 & M10l1l Howitzer systems. In

? addition Table A-4 cshows a composite M102/M10l1 operating cost based on

. the quantities of each that would be required to operate at the densities

L ) the XM204 will operate at. The data in this appendix was computed and

: furnished &s input to the study by the Comptroller (AMSWE-CPEj,

] m [l
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TABLE A-1

XM204
Annual Unlt Operating Costs
(FY 73 Dollars)

o i b i o P ]t el Ll

Crew $67,723
Pay and Allowances $54,169
Replacement Training 7,366 - 3
Separation Pay and Trevel 921 §
3
PCS Travel 2,193 .
Mcdical Activities 2,124 ‘ 3
1
Other General Personnel Activities 210 4
Administrative and Associated Activities 738 : ;
Maintenance 1,178 i g
Pay and Allowances $746 ! : E
Replacement Traiuning 312 P 5
Separation Pay and Travel 18 %
PCS Travel 43 _—
Medical Activities 41 : -
Other General Personnel Activities 4
Aarinistrative aud Associated Activities 14
Repair Parts 193
Ammunition 7,640
Integrated Logistics Support 6,243 7,%
Overhagul 2 151 -2
Annugl Unit Operating Cost $85,128
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XM204 Supporting Rationale

T. Crew
A. Pay and Allowanceg -~
Crew pay and allowances were estimated for a nine-man crew, The
military pey and allowanceg (MPA) cost factors in AWCP 37-2, Financial
Administration, Cost Data, were modified as follows tc arrive at the costs
shown in the table below. The bagse pay portion of the MPA cost factor was

increased bv 6.42% for the ) Jan 73 anticipated pay raise, Costs for the

crew were estimated as follows:

Crew Member MOS Grade Qty Bage Pay Allowances Yearly Cost
Section Chief 13840 E-% 1 $ 7,222 $1,908 $ 9,130
Gunner 13840  E-5 1 5,323 1,439 6,762
Assistant Qunner 13840 L-4 1 4,575 1,216 5,791
Prime Mover Driver 13Al10 E-4 1 4,575 1,21¢ 5,791
Cannoneer 13A10 E-3 5 21,520 5,175 26,695

TOTAL 9 $54,169

B. Replacement Training -
Crew replacement training costs were estimated using the 272
enlisted personnel attrition factor in the Army Force Planning Cost Hand-

book (AFPCH) and course costs furnished by CONARC. Course costs are as

follows:

MOS Rank OMA Cost MPA Cost Total
13A10/13840 E-3/u-4 5226 31,476 $1,656
13840 E-5/E-6 $1,603 $6,101 $7,704

Replacement training costs of $7,366 per howitzer were computed by using

the following equation: .27(7(S1,696) + 2($7,704)] = $7,366,
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C. Separation Pay and Travel -

This coat category is for separation travel and pay for unit per-
svnnel attrition from the active Army. Annual unit separation costs were
computed by multiplying the crew size (9) by the enlimted separation pay
($279) and separation travel ($100) and applying the enlisted personnel
attrition factor (27%). This was computed to be $921 per howitzer -

9 (5279 + $100)(.27) = $921. Separation pay and travel and the attrition
factor were taken from the AFPCH,

D. PCS Travel -

Permanent Change of Station (PCS) travel was computed using
reographical end~item deployment and initial PCS deployment costs, PCS
travel costs and annual rotation rates from the AFPCH. The avarage per

howitzer PCS travel costs were estimated to be $2,195.

E. Medical Activities -~
deployment and medical activity cost factors by geographical area in the

AFPCH, The average per medical activities costs per howitzer were esti-
mated to be $2,124,

F. Other General Personnel Activiiies -
Costs for this category were also computed using the planned XM204
geographical end-item deployment and other general personnel activities

factors in tihe AFPCH. The average per howitzer costs for this category
were estimated to be $210.

G. Adminisgstrative and Associated Activities -

These costs were computed using the proposed XM204 geographical
deployment and applicable factors in the AFPCH. The average per hLowitzer

costs for this category were computed to be $738.
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11. Maintenance

L : A. Pay and Allowvances -

WECOM maintenance engineering personnel estimated that 288
man-hours per howitzer per year would be required for organizational
(org), direct support (DS), and general support (CS) maintenance. This
estimate was based on experience with the M10lAl and M102 Hewitzers.
The 288 man-hours represent .12€ man-years. The hourly rate at each
level of mairtenance was calculated a8 the arithmetic average of the

grades at that maintenance level, as shown below:

b i b L e o i o Aot il b o L i

org DS ss
E-3 52.33
E-4 2.53 $2.53
E-5 2.95 §2.95
E-6 3.99 b
TOTAL $4 .86 $5.48 $6.94 g
AVERAGE $2.43 $2.76 §3.97 i
These hourly rates were computed from the modified annual MFA rates é
(see 1.2,) in AWCP 37-2 ard 2,288 annual working hours. i
Applying the above average rates to the "hands-on' majntenance man- =
hours results in the following annual maintenance labor cost per howitzer: é
OKG DS G 10TAL
M/Hrs Cost M/lirs  Cost M/Hrs Cost M/Hrs Cost é
: . 205.0 3498 66.0 $181 17.0 $€7 -288.0 $746 =

Eol

B. Replacement Training -

Maintenance personnel replacement training costs were estimated
using the 27% enlisted personnel attrition factor in the AFPCH, course

costs furrishad by CONARC, and an indirect factor of 39% for non-productive
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time from the Research Analysis Corporation report, Selected Uniform
Cost Factore: A Manual for the Army Materiel Command, RAC-TP-451, June
1972. Approximately 99% of the maintenance labor is efther performed by
MOS 45L or 41C with BOZ as 45L. Replacement training costs for each MOS
can be calculated by the following equatien:

Maint M/Hrs + INDIRECT
Annual Man-Hours

x Course Cost x Attrition Factor = Repl Tng Cost
The annual man-hours were estimated at 2,288.

MOS M/Yrs x Course Cost x Attrition Factor = Per H witzer Ccourse Cost

41C .035 $8,789 .27 S 83
45L . 140 $6,063 .27 $229
Cost Per Howitzer: $312

C. Separation Pay and Travel -

This cost category is for separation travel and pay for unit
personnel attrition from the active Army. Annual unit separation costs
were computed by multiplying the maintenance personnel man-years (.175)
by the enlisted personnel geparation pay ($¢79) and separation travel
($100) and applying the enlisted personnel attrition factor (272). Tnis
was calculated to be $18 per howitzer - 173 (5279 + $100)(.27) =~ 18,
Separation pay and travel and the attrition factor were taken from the

AFPCH.

D, PC5 Travel -
PCS travel was computed using geographical end-item deployment
end initial PCS deployment costs, PCS travel costs and annual rotation
rates from the AFPCil., The average per howitzer PCS travel costs were

estimated to be $43.

E. Medical Activities -
Costs for this category were computed using the pianned XM204 geo-
graphical deployment and madical activity cost factors in the AFPCH. The

average per medical activities costs per hovwitzer were estimated tc be $41.
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F. Other General Personnel Activities -

Costs for this category were also computed using the planned XM204
geographical deployment and other general personnel activities factors in

the AFPCH. The average cist per howitzer for this category 1is $4.

G. Administrative and Associated Activities -
These costs were computed using the proposed XM204 geographical
deployment and applicable factors in the AFPCH. The average per howitzer
costs for this category were computed to be $14.

I11. Repair Parts

Based upon M102 historical data, it was found that the cost of repair
parts equated to $.84 per round in training when quantities of less than
500 rounds per howitzer per year were fired. Common Table of Allowances
(CTA) 23-100-6, Ammunition, Rockets, and Missiles for Unit Training - Active
Army and Reserve Components, shows 230 rounds per howitzer per year. With

this data, a repair parts cost of $193 per howitzer was estimated.

IV. Ammunition

From CTA 23-100-6 the annual service practice ammunition requirements
were derived. The cost per standard round was obtained from Supply
Bulletin 700-20, Army Adopted and Other Items of Materiel Selected for
Authorization. It was further assumed that 10% of the training rounds
would require the super propelling charge. This cost was provided by MUCOM.

Qty Unit Cost Total Cost
M1 - HE 206 $30.74 $6,332
M67 TP-T 4 35.14 140
484 Smoke 4 57.45 230
M84 HCBE 2 56.56 113
M60 WP 6 44,33 266
M314A1 Illum 8 46,84 375
XM200 Propelling Charge 23 8.01 184
$7,640
70
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V. Integrated Logistics support

Costs in this category were estimated using fdactors in the AFPCH and

e i o ot

proposed XM204 deployment. The fuctors used cover Central Supply Activi-

ties and Base Operations. A cost of $3,311 was estimated for Base Opera-

i tion and $2,932 for Central Supply Activities, for a total of $6,243, f

VI. Overhaul

Overhaul costs were estimate.! base. upon a ccgst estimating relationship
(CER) for self-propelled howitzers, 40 mm anti-gircraft guns, and towed
howitzers with a standard price over $40,000. 171uis CER is published in
AWCP 37-2, Based upon an estimated sta iard price of $62,869, an overhaul
cost of $10,755 was estimated whicii was ;rorated over the mean time

between overhaul of five years, for an annual coust of $2,151,
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TABLE A-2

M102
An wal Unit Operating Costs
(FY 73 Dollars)

1 e W L

i Crew $67,562
E Pay and Allowances $54,169
: Replacement Training 7,366
Separation Pay and Travel 921
PCS Travel 2,103
Medical Activitiese 2,062
Other General Personuel Activities 213
Administrative and Agsgociated Activities 728
Maintenarce 1,618
Pay and Allowances $1,047
Beplacewent Trainiug 4Ll
Separation Pay and Travel 24
PCS Travel 56
Medical Activities 55
Other General Persounel] Activities 6
Adninistrative and Associated Activities 19
Repair Parts 193
Ammunition 7,456
Integrated Logistics Support 6,447
Overhaul 1,753 :
EE— ;
i
Annual Unit Operating Cost $85,029 i
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M102 Supporting Rationale

I. Crew

A. Pay and Allowances -
Crew pay and allowances for the M102 were estimated to be the same

as for the XM204 because each has a nine man crew.

8. Replacement Training -
These costs were also estimated to be the same as thoee egstimated

for the XM2C4 because the crews for the two howitzers are identical.

C. Separation Pay and Travel -
Crew geparation pay and travel costs per howitzer for the M102
were assumed to be the same as for the XM204 because the crew size for

both howitzers i1s the same.

D. PCS Travel -
These cos' 5 were viupated based upon the same methcdology used
to estimate costs !ar this categaly on Lic XM204. T[he M102 deploywent
data were furnished Ly AMSWE-MMF. Ccsts of 32,103 per howitzer were

egtimated,

E. Medical Activities -
These costs were also compuied based upon the same methodology
usad to estimate costs for this category on the XM204. Costs of $2,062

per howitzer were estimated.

¥. Other (Ceneral Perscnne’ Activitics -
These costs were also computed based upon the same mechodology
used to estimate costs for this c:tegory on the XM204. Costs of $213 per

howitzer were estimated,
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. % G. Administrative and Associated Activities — %

% § Thesc costs were also computed based upon the same methodology é

§ § used to estimate costs for this category on the XM204, Costs of $728 %

7 i per howitzer were estimated, é

. g 1I. Maintenance §

E ¢ A. Pay and Allowances - g

: % HMaintenance man-hours were raken from the Coordination Draft of i
the US Army Combat Uevelopments Command Manpower Authorization Criteria 3

e ; for Armament Maintenance, dated January 1972, and AR 570-2, Organization :
ani Lquipment Authorization Tables - Personnel. A tc al of 393 "hands-on" %

: ; maintenance man-hours were estimated. The hourly rate at each level of §

i § maintenance wes calculated as the avithmetic average of the grades at that 1
maintenance level, as shown below:

5 E-3 $2.33

’ E-4 2.53 $2.53

E-5 2.95 52.95 i

¢ 5-6 3.99

¢ TOTAL $4.86 $5.48 $6.94

E AVERAGE  $2.43 $2.74 $3.97

% These hourly rates were computed from the annual MPA rates in AWCP 37-2,

é 48 ddjusted to FY 73 dollars,and 2,258 annual working hours.

? Applying the above avercge rates to the 393 "hands-on' maintenance £

; man-pours resul*: ir the following annual maintenance labor ces: per

howiczor .

{ M/lirs Cost M/hrs Cost M/lirs Cost M/Hcs Cost :

: 247 5600 108 $296 33 $151 343 §1,047 %
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B. Replacement Training -
The following data for maintenance personnel replacement training
on the XM204 were estimated to be the same for the M102.
1. Ccurse cost for MOS 45L - $6,063 per student.
2. Course cost for MOS 41C - $8,789 per student.
3. ktnlisted personnel attrition facvor - 277,
4

. Non-productive time factor - 39%.

Using the same methodology as used to calculate replacement train-
ing costs for tne XAZ04 maintenance personnel, the following costs were

estimated for a MlUZ2 howitzer:

MOS  M/Y¥rs x Course Cogt x Attritlon Facrtor = Per Howitzer Course Cost

41C 023 $84,739 .27 S 606
45L L2112 $6,063 27 $345
Cost Per liowitzer: $411

C. Separation Pay and Travel -
Costs for this category were estimated using the same methodology

as used to estimete these costs for the Xi1Z204. Costs of $24 per howitzer

were estimated for the M102.

D. PCS 1ravel -

These costs were computed based upou the same methodology used
to estimate costs for this category on the XM204., Costg of $56 were esti-

mated for this category.

L. Medical Activitieo -
Medical activities costs were also computed based upen the same
methodology used to estimate costs for this category on the XM204. Costs

of $55 per howitzer were estimated.




F. other General Personnel Activities -

3
3
i
[

These cests were computed bdased upon the same wethodc logy used te

& estimate czats for this category on the XM204. Costs of $6 per howitzer

were estimated.

G. Administrative and Assoclated Activities -
Costs for this category were also computed based on the methodology

used to estlmate costs for this category on the XM204. Costs of $19 per =

howitzer were estimated.

111. Kepair Parts '

v-sed upon MJ02 historical consumption data, it was found that the H
cust .« repair pdrts equated to 5.84 per round in trairiug whem quantities !
ol lexs than 50U rounds per howltzer per year were firc'. CTA 23-100 6
shows 230 rcunds per hovsitzer per year. Based on this number of vrounds, a

per howitzvi repailr parts cost of 5193 was estimated.

J—
|

1V, fevviition

wicth exception of the super proupelling charge, ammunicion requirements
§ tor the M102 are the same as for the XM204. Therefore, costs estimated !
for the XMIU4, less tne 1200 propuelling chdarge costs, are applicabie t¢
‘.7h 2 MloZ,

V. Inte reted Loglstics LHupport

Integrated logistics support costs were estimated using the same
: ‘mcthodology used on the AM204., Costs ¢f $3,523 were estimate for Base

Opceration ang $2,924 for Cen.ral Supniv Activities for a total of $6,447,

vi. GOverhaul

terhaul costs fer the M102 were estimated at $5,765. 7This 1s the
By 72 overhael cost adjusted te 1Y 73 dollars by 1,024, DBased upon a mean i

tine between overhaul of flve yuars, an annual cost of $1,753 wds estimated.

)
<




TASBLE A-3

M101A1 A
Annual Unit Operating Costs
(FY 73 Dollars)

Crew $65,914
Pay and Allowancer $54,169
Replacement Training 7,366
Separation Pay and Travel 921
PCS Travel 562
Medical Activities 1,689
Uther General Personne! Activities 495
Aduiristrative and Assoclated Activities 3812
Maintenznce ) 1,55C .
Pay and Allowances $1,031 7 =
Replacement Training A
Separat.»® Pay and Travel ‘.?z
PC5 Travel 15
Medical Activities 50
Other General Personnel Activities 5
Adminigtrative and Assocjated Activities 21
Repuir Parts 164
Amnunition 7,456
Jotegrated Logisti ' upport 4,557

“Overhaul 1,083

“Annual Unit Operating Cost $80,724
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] i M10lAl . upportir. xationale ;
H g I. Crew
% E A, DTav 2nd Allowances - E
é i Crew pay and allowances for the M101 were estimated to be the same ;
i % ) as for the XM204 because both howitzers have the same crew composition. é
t & B. Replacement Training - :
é % These costs were also estimated to be the same as those estimated :
g % for the XM2(4 because the crews for the two howitzers are ideutical.
% E C. Separation Pay and Travel -
E g Crew separaticn pay and travel cosis per howitzer for the M1OlAl
' vere asgumed to be the same a8 for the XM204 because the crew size for :
. . both howitzers 1s the same. %
b
v . v. FuL lravei - ' -
' g These cousts were computed based upon the same methodology used to ;
% estimate costs for this category on the XM204. The M101A1 deployment
g data were furnished by AMCWE-MMF. Costs of $562 per howitzer were est.mated. :
: | -
E E. Medical Activitiey - g
é These costs were also computed based upon the seme me;hpdology
g used to estimate costs for this category on the XM204 ot 51,889
E per howitzer werc estimated
¥ F. Other General Pevrsonnel Activities - :

Orher general personnel activities costs were also computed based
upun the same methodology used to estimate costs for thig cetegory ou the i :

XM204. Costs of $195 per howitzer were estimated.

G. Acuministracive aad Ascociated Activities -

These costs were alsv computed based upon th: same methodology used

to vstimate costs for thie category on the XM204. Ccsts of $812 per how-
itzer were estimated.
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I1. Maintenance

A. Pay and Allowances -

Annual maintenance man-hours were derived from the same scurces
used for the M102 maintenance man-hours. A total of 388 '"hands-on"
maintenance man-hours were estimated. The average hourly rates used are
the same as was used on the M107 and XM204. By applying the average
hourly rates to the 388 "hands-on'' maintenance man-hours results in the

follow!ng annual maintenance labor cost per howitzer:

oOrg DS GS TOTAL
M/Hrs Cost M/Hrs Cost M/Hra Cost M/Hrs Cost
247 $60GC 105 $288 36 $143 388 $1,031

B. Replacement Training -
The following data for maintenance persounel seplacement training

L the XM204 wzre estimated to be the same for the M101A1L:

Courge cost for MOS 45L - $6,063 per student,
Course cost for MOS 41C - $8,789 per student.

Enlisted personnel attrition factor - 27%.

E TN ORI

Non-productive time factor - 392.

Using the same methndology a8 used to calculate replacement iraining
costs for the XM204 maintenance personnel, the following costs were esti-
mated for a M10lIAl Howitzer:

*MOS M/Yrs x Course Cost x Atttrition Factor = Per Howltzer Course Cost

41C .025 $8,789 .27 $ 59
45L 211 $6,063 27 $345
Cost Per Howitzer: 5404

C. Separation Pdy and Travel -

Separation pdy and travel costs were estimated using the same

methodology used to estimate these costs for the XM204. Coats of $24 per

howitzer wer: estimated for the MJ0lAl.
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D. PCS Travel -
These costs vere also computed based upon the same methodology
used to estimate these costs for the XM2G4., Cests of $15 were estimated

for this category.

E. Medical Activities -
Medical activities costs were also computed based upon the same

methodology used to estimate these costs on the XM204. Costs of $50 per
hovitzer were estimated for the M10lAl. .

F. Other Genaral Personnel Activities -
These costs were computed based upon the same methodology used to
estimate costs in this category for the XM204. Costs of 55 per howitzer

were estimated.

G. Administrative and Agsociated Activities -

Coars for thig category were alsuv estiwaled vased on the method-
ology used to estimate these costs for the XM204, Costs of $2]1 per M101Al

Howitzer were estimated.

TI1I. Repair Parts

There are a0 valld pedcetime coneumpticn data on the M10lAl Howitzer.
A comparison of estimated wartime costs shows the M10lAl parts consumption
costs %o be approximarely 52% of the M102, Based upon discussions with
maintenance engineering personnel, it was decided that in peacetime the
difference betveen the two howitzers would not be that great. It was
estiwmdated tha+ the MIUlAl would consvme somewhere between 80 90 percent
of the consumption on the M102. The wid-point of the range, 851, was

used tc estimate a repalr parts corsumption cost of $164 per howitzer.
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1V, Ammunition

Ammunition congumption in training is the same for the M10lAl as for
the M102. Therefore, ammunition coste of $7,456 were estimated for the
M101A1.

V. Integrated Logistics Support

Integrated logistics support costs were estimated using the same
methodolog: used cn the XM204. Costs of $2,0627 were estimated for Base
Operation and $1,930 for Central Supply Activities for a total per

howitzer cost of 34,557.

VI. Overhaul

Overhaul costs for the M10lA)l were estimated at $5,413. This 18 the
FY 72 overhaul cust ifuflaied to Fr 73 dollars by a factor cf 1,028,
Baged upon 4 mean time between overhaul of five vears, an annual cost of

$1,083 was estimated.
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TABLE A-4

M101A1/M102
ANNUAL UNIT OPERATING COSTS
(FY 73 Dollars)

Crew $67,723
Pay and Allowances $54,169
Replacemen:t Training 7,366
Separation Pay and Travel 921
PCS Travel 2,195
Medical Activities 2,124
Other General Personuel Activities 210
Administrative and Associated Activities 738
Maintenance 1,605
Pay and allowan:es 1,044
Renlacement Training 410
Separation Pay and Travel 24
PCS Travel 45
Medical Activities 56
Other General Personnel Activicies 6
Administrative and Asgociated Activities 20
Repair Purrs 188
Armunition 7,458
Integrated Logistics Suppeort 6,287
Overnaul _ 1,644
Annual Unit Operating Cost $83,903 1
1/

Repreivats the average unit annual operating coste for a specific

quaniity (cuiasslfled confidential ) of M102 and M101Al Howitzers.
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