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FOREWORD

During the past 6 years ORO/RAC has undertaken compre-
hensive analyses of the operation, maintenance, and effective
lifetimes of many important classes of Army equipment.* This
series of investigations has led to the belief that a departure can
be made from the Army’s current practice of relying solely on
historical demands for repair parts as the basis for determining
stockage requirements. The repair-parts forecasting method-
ology described in this technical memorandum is based on the
use of repair-parts replacement data of the type now available
through The Army Equipment Record System (TAERS)andrep-
resents an approach thai could lead to significant impr )vements
in the computation of repair-parts requirements.

C. J. Christionson
Chief, Support Systems Division

*Operations Research Office (now RAC): “The Overhauling of
Equipment,” ORO-T-381, Aug 60. FOR OFFICIAL USE ONLY; “Opera-
tion, Maintenance, and Cost Experience of 14-ton Truck Fleet (U),” ORO-
T-382, May 61. CONFIDENTIAL; “Economics of Maintenance and Re-
placement of 3}-, 2!4-, and 5-ton Truck Fleets (U).” ORO-T-401, Sep 61.
CONFIDENTIAL

Research Analysis Corporation {formerly ORO): “Materials-
Handling Zquipment: A Study of Economic Life,” RAC(ORQ)-T-406, Vol
1, May 62, Vol II, Apr 62; “Operation, Maintenance, and Cost Experience
of the Tank, Armored Personnel Carrier, and Self-Propelled Howitzer
Vehicle Fleets (U).” RAC(ORO)-T-409, Sep 62. SECRET; “Allocation of
Maintenance and Support Resources for Tactical Communications Equip-
ment,” RAC-T-413, Sep 63. FOR OFFICIAL USE ONLV; “Operation and
Maintenance Experience of the Heavy and Medium Tractors (Crawler).
20-ton Crane, Road Grader, 1.5-kw Generator, and 45-kw 400-cps Gen-
erator,” RAC-T-428. Aug 64. FOR OFFICIAL USE ONLY; “Operation,
Maintenance, and Lifetimes of M60 Tanks, M113 Armored Personnel
Carriers, and M88 Recovery Vehicles (U).” RAC-T-460. Mar 65. CON-
FIDENTIAL
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SUMMARY

Problem

To develop a methad for predicting the replacement of repair parts (as-
semblies, subassemblies, and components) based on replacement rates ob-
tained from an analysis of maintenance-action data.

Facts

The Support Systems Division of RAC is currently studying a variety of
Army problems involving materiel readiness. One of these studies, RAC-RP-
162.1, “Maintenance Support Requirements,” is analyzing techniques for the
improvement of repair-parts forecasting. At the request of the study’s Project
Advisory Group, special consideration is being given to the possibility of using
data from TAERS. Because TAERS data of the type desired were not available
to the project during the research described in this technical memorandum,
USAREUR data collected for M60 tanks and M113 APCs by Support Systems
personnel' were used to develop the forecasting r ethodology.

Discussion

The availability of repair parts continues tobe one of the most important
factors affecting the materiel-readiness posture of the US Army.>® A repair
part is defined as any part, subassembly, assembly, or component required
for installation in the maintenance or repair of an end item, subassembly, or
component.*

After a new end item of equipment has been introduced into the inventory
and the period of initial provisioning has passed, repair-parts procurement
decisions are based on the quantity of parts requisitioned (demanded). How-
ever, the number of repair parts demanded may be an unreliable measure of
future repair-parts requirements. TAERS is designed to provide parts-
consumption information, i.e., data showing the use of parts in a current re-
pair or replacement action. These consumption data provide another type of
information for consideration in determining repair-parts replenishment ac -
tions for many end items of Army equipment.

This technical memorandum describes a method of estimating repair-
parts consumption {or vehicle fleets during periods of projected future utiliza -
tion. At the request of the study’s Project Advisory Group and interested

RAC-T-465 1
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Army agencies, the methodology developed is capable of using TAERS-type in-
formation as input data, and calculating repair-part consumption estimates
automatically through the use of a series of computer routines.

The methodology developed is summarized in Table 1. For any repair
parts of interest the first step involves the calculation of replacement rates
during individual usage intervals as, for example, each 100 miles of operatior.

TABLE 1
Summary of Forecasting Methodology

Computer routine(s)

Step Description used

1 Determining usage-dependent rates of Events rates
repair-part replacement

2 Projecting these rates into future Least squares
time periods

3 Combining projections of replacement End item inventory usage
rates and end-item usage distribu- Expected number of repair
tions to estimate the number of parts actions

repair parts replaced

This step of the estimation process is described in detail in Chap. 2, and the
associated computer routine is described in Apps A and B. The second step
employs standard statistical techniques to provide a means of projecting the
usage-dependent replacement rates into the time period under study (see Chap.
3 and App C). In the final step the projected replacement rates are combined
with projections of vehicle usage to develop estimates of the number of repair
parts that will be replaced during the time period studied. Detailed informa -
tion for this step is presented in Chap. 4 and App D.

Conclusions

This methdology can be useful in estimating repair-~parts consumption
throughout the period of utilization of many different end items of equipment
for which TAERS data are available. Thevalue of theforecasts obtained, how-
ever, depends directly orn the accuracy and completeness of the input data
utilized.

Recommendation

The proposed methodology should be tested on a selected sample of re-
pair parts for a given end item and organization to determine how closely
repair-parts replacement forecasts developed by applying this methodology
correspond to actual quantities of parts replaced.

2 RAC-T-465
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Chapter )

INTRODUCTION

One of the most important factors affecting combat readiness is the avail-
ability of repair parts. Commanders’ statements in the materiel -readiness
reports® and the findings of the Baker Board of Inquiry on materiel readiness®
indicate that the readiness of many combat units is being adversely affected by
a lack of repair parts. The availability of repair parts depends on the ability
of the supply system to (a) determine how much of what materiel should be put
into the supply bin and its ability (b) to move the materiel from bin to user as
quickly as possible when it is needed.

RAC-TP-158° described the ability of the Seventh Army supply system to
perform the second function. It was found that when requisitions from combat
units were filled at Seventh Army level, 18 days was required to fill 50 percent
of the demands, 29 days to fill 75 percent. Significant steps are being taken to
improve this performance. For the short term, Seventh Army is investigating
order and shipping time with the assistance of a special team from Army Ma-
teriel Command. The long-term approach is exemplified by a Supply and Main-
tenance Command proposal that RAC undertake a comprehensive study of the
total supply system.

The other function of the supply system, that of estimating repair-parts
requirements, is complex and characterized by imprecision. The result is a
tendency toward simultaneous feast and famine in various sectors of repair-
parts supply operations. For example, RAC-TP-158° showed the supply posi-
tion of the 23 direct support supply activities (DSSAs) supporting five divisions
and three cavalry regiments in US Seventh Army during a 3-month period in
the summer of 1964. Of the total number of line items included on the stockage
lists of these DSSAs, 32 percent were in zero balance, i.e., out of stock. At the
same time there were significant excesses of secondary items in the worldwide
Army inventory,® as shown in Table 2. For all secondary items (a large por-
tion of which are repair parts7) held at storage sites, excesses at the end of
FY64 represented 18 percent of the total dollar value of stocks in inventory.
For the dollar value of Mobility Command inventory alone (of which more than
half are tank and automotive secondary items) excesses represented 26 per-
cent of total inventory values. = . .

These findings highlight the long-recognized fact that improvements in
repair-parts forecasting techniques could result in improved parts availability,
fewer excesses, and a higher state cf readiness.

4 . RAC-T-465
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TABLE 2
= Value of Worldwide US Army Secondary Stocks in Excess®
(1 Januory to 30 June 1964)
All secondary items Mobility Command secondary items
Source of Total Excess Total Excess
iati tock t
appropriation stocks stocks Excess, % stocks stocks Excess, %
Thous of dellars Thous of dollars
PEMA® and
0&MAb 1,191,595 182,211 15 573,894 120,637 21
Stock funded 2,002,416 408,344 20 767,470 233,882 30
Totals 3,194,011 590,555 18 1,341,364 354,519 26

8Procurement of equipment and mi. siles, Army,
Operations and maintenance, Army.

Under the present system of forecasting repair-parts requirements the
commodity analyst follows procedures outlined in AR 710-4 5. For newly issued
end items that have not previously been in the supply system, engineering-type
estimates are used as the basis for determining the initial provisioning and
stockage of repair parts. However, for ongoing items that have been in the sys-
tem for some time an analysis of present and alternative techniques may re-
sult in improved forecasting of parts requirements.

Two general types of data c2n be used as the basis for estimating future
repair-parts needs. :

Demand data originate in the supply system and represent requisitions
g for repair parts to meet present or expected future needs. Although demand

data do not necessarily reflect the actual use of the parts in current mainte-

nance activity, they are the basis of the current technique used for forecasting

' repair-parts requirements for end items that have been in the supply system
for some time. Figure 1 is a sample of DA Form 1794 “Supply Control Study”
now filled out by commodity analysts for all high-dollar and superhigh-dollar
items. This form and AR 710-45,* which describes its use, demonstrate both
the complexity of the present estimating procedure and the fact that under the
present system purchasing for the future is done on the basis of recent de-
mand patterns.

Consumption dats are obtained from records of maintenance actions and
represent the use of parts in a current repair or replacement maintenance
action. Since the word “consumption” as used in this context refers to the re-
placement of both reparable and nonreparable items, the terms “consumption
data” and “replacement data” are used interchangeably in this report. Data of
this type are now available in TAERS. This system of record-keeping should
facilitate rapid transmission and machine processing of repair-parts-action
records. The basic objective of TAERS is to retain only the minimum number
of forms for recording and transmitting essential information, and at the same

time to include all Army equipment for which records and maintenance data
are required for control and planning. Most of these records are of maintenance

RAC-T-465 5
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actions (adjustment, repair, or replacement) at unit and field level and there-
fore constitute a source of parts-consumption data.

In an ideally responsive supply system, demand data and consumption
data would be nearly identical. If every parts user could be assured of obtain-
ing all the repair parts he needed at a few moments’ notice and if all echelons
of supply activity could promptly replenish their supplies from a higher echelon,
demand and consumption data would represent two sides of the same coin and
would therefore be equally reliable bases for parts-requirements forecasting.

For a number of reasons these ideal conditions do not exist. Perturba-
tions and delays in the supply system are caused by geographic distance, pro-
curement lead times, financial restrictions, personnel turbulence, and tech-
nological improvement of end items with resultant multiplication of the number
and complexity of pertinent repair parts. Further, the orderly demand pattern
may be distorted as requisitions are passed upward through the various echelons
of supply. AR 710-45,* which prescribes the procedure to be followed in pre-
paring supply control studies, specifically cautions the commodity aunalyst:

The demands from units. geographically separated and having differunt activities,
flow through multi-echelons. These echelons, by the addition of safety levels and the
imposition of varying degrees of time delay (order and ship time, operacing levels, etc..
are all forms of time delay), distort and amplify the original frequenc* distribution of
demand into many shapes and patterns. Forecasting. then, is based on skillful handling
and understanding of data and the projection of that data into the future.!

These difficulties were further elaborated in a report{ submitted by Frank-
ford Arsenal:®

The requisitions that are used as a basis for forecasting the expected demand at a
stockage point are themselves composed in large measure of forecasts of expected de-
mand that have been made by the stockage point’s customers. These data can. then, be
expected to be very different from the actual failure data or true parts consumption
data. They are, however, the data on which inventory management decisions are made,
frequently without appreciation of the fact that, while termed “demands™ they are really
forecasts that are superimposed on other forecasts. Thus. a National Inventory Control
Point forecast of future system demand that uses past demand history as a basis for
projection is in reality a projection of many lower level forecasts. It should come as
no sux;]prise, then, that the demand history exhibits such characteristically erratic pat-
terns.

For these reasons demand data have not been a completely satisfactory
basis for estimating future repair-parts requirements. The availability of
consumption data through TAERS creates the significant possibility of using
these data as an alternative or additional input in the decision-making process.

This techrical memorandum is devoted to an analysis of how consumption
data can be utilized in forecasting repair-parts requirements. At the time this
research was conducted, TAERS equipment-history data tapes were not avail -
able for study by RAC analysts. To develop forecasting techniques tailored to
TAERS-type information, RAC data for M60 tanks and M113 APCs were used.
These data were collected from USAREUR organization- and field-level main-
tenance records by teams of RAC analysts who visited USAREUR on four occa-
sions between February 1962 and September 1963. The 3d and 4th Armd Divs
were the principal sources of M60 tank data. The 24th Inf (Mech) Div and
the 3d Armd Div were the primary sources of M113 APC information. Sum-
maries by battalion of the vehicles studied are presented in Tables 3 and 4.

RAC-T-465 7
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TABLE 3
Usage of USAREUR M60 Tanks in RAC Sample

Average months A verage miles Average total

Unit Vehicles in service per month mileoge
3d Armd Div 250 23 142 3264
3d Bn, 33d Armor 54 23 124 2859
3d Bn, 12th Armd Cav Regt 31 19 179 3406
2d Bn, 32d Armor 66 22 137 3024
1st Bn, 33d Armor 77 24 161 3856
2d Bn, 33d Armor 22 23 117 2702
4th Armd Div 323 20 115 2305
2d Bn, 15th Armd Cav Regt 20 20 124 2473
24th Engr Bn 7 6 145 870
2d Bn, 35th Armor 55 21 112 2347
1st Bn, 37th Armor 55 20 120 2391
3d Bn, 37th Armor 48 20 124 2485
2d Bn, 37th Armor 56 21 118 2472
4th Bn, 35th Armor 72 21 103 2173

Special training vehicles 10 15 96 1434
’ 24th Inf Div 67 22 131 2871
1st Bn, 70th Armor 33 22 127 2792
2d Bn, 70th Armor 34 22 134 2947
Total 640 21 130 2739

TABLE 4
Usage of USAREUR M113 APCs in RAC Sample ‘
Average months Average miles Average total

Unit Vehicles in service per month mileage
24th Inf Div 357 18 164 2945
3d Bde 7 14 173 2418
1st Bn, 19th Inf 68 18 132 2382
1st Bn, 21st Inf 82 18 157 2830
2d Bn, 21st Inf 72 17 174 2957
1st Bn, 34th Inf 31 18 158 2840
3d Bn, 19th Inf 78 21 174 3656
2d Bn, 34th Inf 19 20 139 2772
3d Armd Div 185 18 155 2796
3d Bn, 33d Armor 14 14 108 1506
t 1st Bn, 33d Armor 17 14 129 1806
3d Bn, 36th Inf 61 20 155 3097
1st Bn, 48th Inf 27 19 189 3583
2d Bn, 48th Inf 66 15 170 2726

4th Armd Div
51st Inf 63 14 111 1557
2d Armd Cav Regt 64 17 116 1964
1st Bn, 2d Armd Cav Regt 20 17 128 2184
2d Bn, 2d Armd Cav Regt 231 18 110 1973
3d Bn, 2d Armd Cav Regt 21 16 109 1744
14th Armd Cav Regt 38 22 100 2206
1st Bn, 14th Armd Cav Regt 19 23 93 2265
2d Bn, 14th Armd Cav Regt 19 20 107 2147
Total 707 18 147 2654
8 RAC-T-465
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The main sources of data are summarized in Table 5. A detailed discus-
sion of the information obtained from these sources is presented in RAC-T-460."

TABLE 5

Main Sources of Data Collected

DA form Informotion extracted

2408-1 Jaily vehicle record of miles and /or hours operated; fuel
and oil consumed; month-by-month summary of vehicle
operation

2408-3-1 Re pair parts replaced, repaired, and adjusted by organi-
zational (second-echelon) personnel

2408-6 Fic:ld maintenance (third-echelon) repair and parts
replacement

2408-7 Iss 1e date of vehicle to unit; transfer date of vehicle
fiom unit

2407 Requests by organizational units for field maintenance

svervices, repairs, and modification work orders

RAC-T-465 9
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Chapter 2

DEVELOPMENT OF REPLACEMENT RATES

SIGNIFICANCE OF TIME-DEPENDENT FAILURE RATES

Consumption data can be utilized to project parts requirements in a num-
ber of ways. One of the simplest is calculating a replacement factor for the
part in question. This factor represents number of replacements per vehicle/
period of observation. The period observed may be expressed in such terms
as months, miles, rounds fired, or landings made. For example, if consump-
tion data showed that an average of 0.30 M60-tank-engine replacements were
made per tank during a given 12-month period, the replacement factor would
be 0.30 replacement/12 months or 0.025 per month. A simple projection of
these data could then be made as follows:

Replacement factor number of vehicles time period __  parts
of part using the part studied ~ required

If the hypothetical M60-tank-engine replacement factor were projected for a
fleet of 2000 tanks for a 2-year period of use, the number of engines replaced
would be

0.30/12 x 2000 tanks x 24 months = 1200 engines.

The replacement factor of a part may also be expressed as its mean life
by simply inverting the fraction. In the example given above the replacement
factor 0.30 replacement/12 months becomes 12 months/0.30 replacement, or
a mean life of 40 months. This mean life may then be used to calculate re-
quirements for a 24-month period as follows:

(2000 tanks x 24 months) + 40 months mean life = 1200 engines.
per tank engine

For parts that experience a constant replacement factor regardless of
age or utilization this type of projection is accurate. However, if the replace-
ment factor of a part increases as the vehicle ages in time or use, procure-
ment based on this method of forecasting could fall seriously short of the needs
that actually exist at the time the parts are received from the manufacturer.

This problem can be illustrated by an analysis, shown in Fig. 2, of the
failure experience of M60 tank generators in USAREUR. In this figure math-
ematical techniques described in Chap. 3 are used to translate individual

10 RAC-T-465

FOR OFFICIAL USE ONLY




- FOR OFFICIAL USE ONLY

replacement factors (represented by dots) into a “curve” for the entire mileage
range. From this curve it can be seen that at 1000 miles the replacement fac-
tor is 0.007, or 7 generators per 1000 vehicles per 100 miles. By 3000 miles
this replacement has increased to 0.009, or 9 generators per 1000 vehicles per
100 miles, an increase of nearly 30 percent.

0.015 T Y T T T T

0.010 - oo l * -

8
[
1

REPLACEMENTS PER VEHICLE PER 100 MILES

0 5 10 15 20 25 30 35
HUNDREDS OF MILES

Fig. 2—Replacement Factors for USAREUR M60 Tank Generators

Delays 1 the procurement and delivery of repair parts (administrative
lead time, production lead time, and delivery lead time) are recognized fartors
in the management of parts supply. When these delays are accompanied by an
age- or use-dependent failure rate for the repair part in question, sensitive
forecasting of future requirements will require the answeis to two major’
questions:

(a) What is the pattern of replacement frequency as the vehicle ages in
time or use?

(b) What will be the age and/or mileage distribution of the {leet by the
time the parts actually enter the supply system ?

Methods of determining the answer to question a constitute the major sub-
ject matter of this chapter. Question b is discussed in Chap. 4.

COMPUTATION OF TIME-DEPENDENT REPLACEMENT RATES

The IBM 7040 computer routine described in detail in App A was used to
compute the parts-replacement rates used in this study. The method used may
be expressed as the fraction

H RAC-T-465 11
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Number of replacements

number of vehicles available
to experience replacement

= replacement rate of repair part

In this analysis the primary usage measure was that of mileage traveled; any
pertinent measure of utilization (e.g., months, rounds fired, operating hours,
or landings) could be used.

The basic information used in computing these failure rates is shown in
two types of tables: the events table for the numerator of the rate fraction and
the vehicle-sample density table for the denominator. An illustrative example
of each is discussed below. This discussion and Tables 6 to 11 are based on a
hypothetical fleet of 640 vehicles that experience replacements of repair part X.

Events Table

Table 6 shows a hypothetical example of an events table for repair part X.
Usage intervals are delineated in hundreds of miles. The columns for first,
second, and third order of replacement indicate whether part X is being re-
placed for the {irst, second, or third time. The numbers appearing in these
columns therefore indicate how many replacements occurred at what mileage
- and what order of replacement each was.

TABLE 6

Hypothetical Example of Events Table:
Replacements of Repair Part X

Usoge Order of replacements
interval,
miles 1st 2d 3d Total
(1) 2 (3) (4) (5)
0-100 2 0 0 2
101-200 6 0 0 6
201-300 5 0 0 5
301-400 12 1 0 13
401-500 16 3 0 19
501-600 28 4 0 32
601-700 27 7 2 36
701-800 32 6 1 39
801-900 42 9 1 52
901-1000 50 10 2 62

This table could also have been based on the number of maintenance ac-
tions instead of the number of parts replaced. For some types of studies (for
7 example, those dealing with vehicle reliability) frequency of maintenance activ-
2 ity is of greater interest than the number of parts utilized. An events table
showing number of job orders would te an important input for such an analysis.

Vehicle-Sample Density Table

The denominator of the replacen.ent-rate fraction is the number of vehi-
cles eligible to experience replacemert. This denominator is not always the
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same as the total number of vehicles in the sample fleet; two forces operate
. to reduce it at higher usage intervals.
‘ (a) When a vehicle experiences a first replacement of part X in the 0-100
mile interval, it cannot experience a first replacement of this part at any higher
’ mileage. This fact is demonstrated in Table 7, using the replacement distribu-
tion shown in Table 6. Table 7 assumes that all 640 vehicles in the observed

TABLE 7

Decreose in Vehicles Eligible To Experience First Replacement of
' Part X: Because First Replacement Has Already Occurred

Number of vehicles that Cumulative decrease in
l Number of first- have not yet experi- number eligible for
Usage order replace- enced first-order first-order failures
interval, ments during failures at beginning at beginning of
l miles usage interval of usage interval usage interval
0-100 2 610 0
101-200 6 638 2
201-300 5 632 8
301-1400 12 627 13
101-500 16 615 25
501-600 28 599 41
601-700 27 571 69
701-800 32 544 26
801-900 42 512 128
901-1000 50 170 1o

7

fleet travel at least 1000 miles. Since two vehicles have first replacements of
- part X during the first 100 miles, the table shows that only 638 of the 640 could

experience first replacements between 101 and 200 miles. Another six have
first replacements of this part between 101 and 200 miles; only 632 could there-~
fore .experience first replacements between 201 and 300 miles. By the 801 #
1000-mile usage interval only 470 vehicles out of a total fleet of 640 are el:gible
to experience first replacements of part X since 170 have already done so at
earlier mileages.

({b) Even if there had been no replacements of part X up to 1000 miles,
the number of vehicles available for observation at that mileage would still be
less than the original 640 because some vehicles would not have traveled that
far (see Table 8). In most vehicle samples all vehicles have not traveled the
same number of miles; at the higher mileages the vehicle sample is therefore
smaller than at the lower mileages. Table 8 illustrates the effect of this factor
on vehicle-sample density. In this example all 640 vehicles had traveled at
least 301 miles. One vehicle, however, had traveled more than 301 but less than
400 miles; the sample therefore dropped to 639 for the 301-400-mile usage in-
terval. Only 634 out of 640 vehicles had traveled at least 901 miles, a decrease
of six in the number of vehicles available for observation.

Table 9 combines selected portions of Tables 7 and 8 to show how the two
forces described above combine to affect the number of vehicles eligible to ex-~
perience a first replacement of part X at various mileage intervals. Column 2

RAC-T-465 13
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TABLE 8
Decrease in Vehicles Available To Experience First Replacement of
Part X: Because Mileage Accumulation Is Insufficient .

Vehicles with last Vehicles observed

Usoage observed mileoge that hove traveled
interval, occurring during this mileage Cumulative decrease -

miles vsage intervaol or more in sample size

0--100 0 640 0
101-200 0 640 0
201-300 0 640 (1)
301-400 1 639 1
401-500 0 639 1
501-600 1 638 2
601-700 2 636 4
701-800 0 636 4
801-900 1 635 5
901-1000 1 634 6

TABLE 9

Decrease in Vehicles Eligible To Experience First Replacement of Part X: Because First
Replacement Hos Alrecdy Occurred or Mileage Accumulation Is Insufficient

Cumulative decrease in vehicles eligible
folsareriencalinsioideninpiacsmety Vehicles eligible | Vehicles observed and
.Usagw Because vehicle has .fo experience available to experi-
interval, : - first replacement, ence replacemen?,
: experienced first Because of
miles \ G g 640 - (3), 640 - (2),
replacement in insufficient | Total R dengrstitiof R de inat
preceding usage mileage s/e eminator a/e GENOMInator
intervals
M : (2) (3) )] (5) (6) -

0-100 0 0 0 640 640
) 101-200 2 0 2 638 640
201-300 8 0 8 632 640
301-400 13 1 14 626 639
401-500 25 1 26 614 639
501-600 41 2 43 597 638
601-700 69 4 73 567 636
701-80C 96 4 100 540 636
801-900 128 5 133 507 635
901-1000 170 6 176 464 634

shows the loss to the sample because first replacement of the part has already
occurred; col 3 shows the loss because of insufficient accumulation of mileage.
Column 4 is the total of the preceding two and represents the total decrease in
the number of vehicles eligible for both reasons. In the actual computational
technique, any given vehicle is dropped from the “eligible to experienc. first-
order replacement” category for either of these two reasons, whichever occurs
first.

Columns 5 and 6 represent two possible denominators that could be used ‘
in calculating replacement rates. Two major types of replacement-rate cal-
culations are discussed in this chapter; for any given usage interval either type

N R Nl SR S s

14 RAC-T-465 ' ‘

FOR OFFIGAL USE ONLY

Py




FOR OFFICIAL USE ONLY

of rate can be computed. The distinction between these two types of replace-
ment rates is an important one and can best be remembered in terms of the
letters in the subscripts.

Rs,¢is a replacement rate based on a specific order of replacement (first,
second, or third, etc.). In the subscript the numerator s stands for the specific
order of replacement; the denominator ¢ refers to the number of vehicles eligible
to experience this given order ‘of replacement during the specified usage interval.

R4/, is a replacement rate based on all orders of replacement combined.

In this case the subscript numerator a stands for all orders of replacement;
the denominator o refers to the number of vehirles gbserved at each mileage
interval.

Column 5 shows the number of vehicles eligible to experience a first re-
placement of part X at various mileages. It is an R,,, denominator and repre-
sents 640 vehicles minus the decrease in sample size for the reasons illustrated
in Tables 7 and 8. By the 901-1000-mile interval 176 vehicles had dropped out
of the sample: 170 vehicles because they had already experienced first failures,
and 6 because they had not accumulated sufficient mileage. The number still
eligible to experience a first replacement is therefore 464 vehicles: 640 minus
6 minus 170. Column 6 shows the number of vehicles available to experience a
replacement of part X regardless of replacement order. It is anR;,, denomina-
tor and represents 640 vehicles minus the number of vehicles that have dropped
out of the sample because of insufficient mileage. By the 901-1000-mile inter-
val this number is 640 minus 6, or 634 vehicles.

By combining the information in Tables 6 and 8 according to the procedure
illustrated in Table 9 it is possible to prepare a vehicle-sample density table
showing the denominators to be used in replacement-rate calculations. Table
10 shows a hypothetical example of such a table for repair part X. Columns
2, 3, and 4 represent Rs/e denominators for first-, second-, and third-order
replacements of part X. Column 5 is the R, , denominator for the same fleet.

The calculation of replacement rates is then a matter of dividing the
replacement-events data shown in Table 6 by the vehicle-sample density data
in Table 10. Examples of the two major types of calculations are given below.

R; /. Rate for a Specific Order of Replacement. The replacement rate for
first-order replacements of part X for the mileage range 701-800 miles is
obtained by determining

Number of first replacements,

701-800-mile interval _col 2, Table6 32 0.0503
number of vehicles that have col 2, Table 10 510 e
not yet experienced first
replacement, 701-800-

mile interval

R;/, Rate for All Orders of Replacement Combined. The replacement
rate for all orders or replacement of part X for the mileage range 701-800
miles is obtained by determining

Number of replacements of all

orders, 701-300-mile interval col 5, Table 6 39
number of vehicles observed col 5, Table 10 636 Lo
and available to experience
any order of replacement,
701=800-mile interval
RAC-T-465 15
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Table 11 shows the results of R, and R, /, replacement-rate calculations
for part X for various mileage intervals. Each rate shown in Table 11 repre-
sents the division of the replacement-events data from Table 6 by the corre-
sponding vehicle density from Table 10.

TABLE 10

Hypothetical Example of Veh%cle_ Sample Density
Table: Vehicles Availabfe for Replocements

Vehicles that have not
yet exf;a'erlenced Vehicles observed ond
Usage specific-order available for
interval, replacement, toplacesmants
miles Rs/e denominators R,,. denominatlor
1st 2d 3d
M (2) (3) (4) g
0-100 640 640 640 64..
101-200 638 640 640 [
201-300 632 640 640 €40
301-400 6206 639 639 630
401-500 614 638 639 A
501-600 597 634 638 638
601-700 567 628 636 636
701-800 540 621 634 636
801-900 507 614 632 635
901-1000 464 604 630 634 -
TABLE 11
E Rs/e and R/, Replacement Rates for Part X
Usage R, /e
interval, Ru/o
miles st 2d ad
() (2) (3) (4) (5)
0-100 0.0031 0.0000 0.0000 0.0031
101-200 0.0094 0.0000 0.0000 0.0094
201-300 0.0079 0.0000 0.0000 0.00782
301-400 0.0192 0.0016 0.0000 0.0203
401-500 0.0261 0.0047 0.0000 0.0297
501-600 0.0469 0.0063 0.0000 0.0502
601-700 0.0476 0.0111 0.0031 0.0566
701-800 0.0593 0.0097 0.0016 0.0613
801-900 0.0828 0.0147 0.0016 0.0819"

901-1000 0.1078 0.0166 0.0032 0.0978%

&The R,,, replacement rate (for all orders of replacement) may
be slightly lower than the R/, rate (for a specific order of replace-
ment) because the two rates have different denominators as well as
numerators.

16 ‘ RAC-T-465
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TABLE 12

Occurrence of Replacements, Available Vehicles, and R, /, ond R, /, Replacement
Rates for USAREUR M60 Tank Engines, by Mileage Interval

Vehicles that have not .
Usage Replacements yet experienced ?hes?a Ve-hlcles R,,
intervol replacements ovollu-ble to =S R
miles ‘ experience a/o
1st|2d |{3d | 4th] 1st | 2d 3d 4th |replacement| 1st | 2d 3d 4th
(1) (2) | (3) ] (4)| (5)Y] (6) (7) 8) () (10) anyfaa | a3y (4) | (15)
0-100 2 0 0 0 639.0 639.0 639.0 639.0 639.0 0.003 0. 0. 0. 0.003
101-200 2 0 0 0 6357 639.0 639.0 639.0 639.0 0.003 0. 0. 0. 12.003
201-300 4 0 0 0 632.2 638.0 638.0 638.0 638.0 0.006 0. 0. 0. 0.006
301-400 4 1 0 0 627.7 636.8, 637.0 637.0 637.0 0.006 0.002 0. 0. 0.008
401-500 3 1 0 0 623.0 633.5 634.6 631.6 631.6 0.005 0.002 0. 0. 0.006
501-600 7 0 0 0 616.2 632.0 631.0 634.0 631.0 0.011 0. Q. 0. 0.011]
601-700 1 0 0 0 6111 630.9 632.9 6329 632.9 0.002 0, 0. 0. 0.002
701-800 4 0 0 0 606.7 629.0 631.0 631.0 631.0 0.007 0. 0. 0. 0.006
801-900 3 0 0 0 60l.1 628.0 630.0 630.0 630.0 0.005 0. 0. 0. 0.005
9011000 5 0 0 0 598.0 628.0 630.0 630.0 630.0 0.008 0. 0. 0. 0.008
1001-1100 4 0 0 0 5H91.9 626.8 628.8 628.8 628.8 0.007 0. 0. 0. 0.006
1101-1200 1 0 0 0 5893 626.0 628.0 628.0 628.0 0.002 0. 0. 0. 0.002
1201-1300 5 0 0 0 5831 623.9 625.9 625.9 625.9 0.009 0, 0. 0. 0.008
1301-1400 6 1 0 0 573.7 619.4 621.7 621.7 621.7 0.010 0.002 0. 0. 0.011
1401-1500 8 0 0 0 564.4 616.2 619.2 619.2 619.2 0.014 0. 0. 0. 0.013
1501-1600 9 2 0 0 533.4 610.3 614.6 614.6 61.1.6 0.016 0.003 0. 0. 0.018
1601-1700 15 2 0 0 538.6 603.0 608.7 608.7 608.7 0.028 0.003 0. 0. 0,028
1701-1800 10 1 0 0 510.1 5917 602.6 602.6 602.6 0.019 0.002 0. 0. 0.018
1801-1900 20 3 0 O 500.0 586.3 596.3 596.3 596.3 0.010 0.005 0. 0. 0.039
1901--2000 8 4 1 0 478.7 570.0 580.9 58l.1 581.1 0.017 0.007 0.002 0. 0.022
2001-23100 15 1 0 O 457.6 551.2 562.6 562.6 562.6 0.033 0.002 0. 0. 0.028
2101-2200 12 3 t 0 433.1 530.7 5#1.1 54t 5411 0.028 0.006 0.002 0. 0.029
2201-2300 9 1 0 0 405.8 500.4 512.5 513.5 513.5 0.022 0.002 0. 0. 0.019
2301-2400 14 5 1 0 359.2 418.7 459.8 160.9 160.9 0.039 0.011 0.002 0. 0.043
2401-2500 12 1 0 0 309.3 3955 407.0 109.0 109.0 0.039 0.003 0. 0. 0.032
2501-2600 11 0 1 0 2559 339.1 350.6 353.1 353.1 0.013 0. 0.003 0. 0.031%
2601-2700 5 4 0 0 211.0 208.5 309.8 312.1 312, 0.023 0.013 0. 0. 0.029
2701-2800 6 4 1 0 1892 258.0 271.1 273.7 273.7 0.032 0.016 0.00%+ 0. 0.0-10
2801-2900 6 1 0 1 163.9 224.3 239.3 210.1 210.1 0.037 0.00%1 O. 0.001 0.033
2901-3000 3 2 0 0 147.4 202.8 215.8 215.8 215.8 0.020 0.010 0. 0. 0.023
3001-3100 4 0 0 0 130.4 179.8 189.1 189.1 189.1 0.031 0. 0. 0. 0.021
3101-3200 2 2 0 0 1146 155.3 162,14 162.1 1621 0.017 0.013 0. 0. 0.025
3201-3300 1 2 0 0 95.6 128.2 134.5 1345 131.5 0.010 0.016 0. 0 0.022
3301-3400 3 1 0 0 77.9 104.2 109.3 109.3 100.3 0.039 0.010 0. 0. 0.037
3401-3500 4 0 0 0 707 926 97.6 7.6 97.6 0.057 0. 0. 0. 0.0141
3501-3600 1 0 0 0 602 822 865 86.5 86.5 0.017 0. 0. 0. 0.012
3601-3700 1 1 0 0 521 70.8 752 752 L2 0.019 0.01t 0. 0. 0.027
3701-3800 2 0 0 0 43.0 57.5 61.5 61.5 61.5 0.047 0. 0. 0 0.033
3801-3900 1 0 0 0 36.8 48.6 51.6 513 51.3 0.027 0. 0. 0. 0.019
3901-4000 0 0 1 0 323 42.1 14.1 14,1 14.1 0. 0. 0.023 0. 0.023
4001-4100 1 1. 0 0 262 349 37.0 37.0 37.0 0.038 0.029 0. 0 0.05¢
4101-4200 0 0 0 0 206 267 290 29.0 20.0 0.000 0. 0. 0. 0.000
4201-4300 P ¢ 0 0 161 19,4 204 20.4 20.4 0.062 0. 0. 0. 0.049
4301-4400 60 0 0 O 10,6 14,1 15,14 15.1 15.¢ 0. 0. 0. 0. 0.000
Sum 235 44 6 1
RAC-T-465 17
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Table 12 shows USAREUR. M60-tank-engine replacement rates calculated
by the procedure described above. The total sample is composed of 639 tanks.
The decline in numbers of tanks shown in cols 6 to 10 of Table 12 reflects both
factors that reduce the denominators (i.e., occurrence of engine replacement
and insufficient tank mileage). Because this routine accumulates vehicle usage
in tenths of usage intervals completed, the vehicle~sample densities shown are
not whole numbers. The computer routine developed to perform calculations
such as these is described in App A. Tables for selected M60 tank and M113

APC parts are contained in App B.
'
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Ckapter 3

PROJECTION OF REPLACEMENT RATES

ALTERNATIVE METHODS

Once replacement rates have been determined for each usage interval
(each 100 miles of operation in Table 12), the next step is to establish a means
of projecting these rates into the future.

One method of projecting rates and estimating parts replacements fre-
quently used by RAC analysts is based on a collection of mathematical tech~
niques referred to as “renewal theory.”® The use of this methodology depends
on being able to calculate replacement rates of the R, type described in Chap.
2. The calculation of R; . rates in turn depends on being able to identify first-,
second-, third-, and higher -order replacements. If information is available only
for first-order replacements, certain assumptions are made about the rate at

- which second-, third-, fourth-, and higher-order replacements will occur. For
example, assumptions could be made that replacement parts will furnish 50, 75,
or 100 percent of like-new performance; the parts needs resulting from the ap-
plication of these different assumptions can then be compared. A RAC technical
paper % gescribes in detail the methodology of this forecasting technique and
utilizes it in the prediction of engine requirements for the USAREUR M60 tank
fleet during the period 1964 to 1967.

It is usually difficult to identify the order of replacement of a given part,
however. In the first place this identification requires data extending back to
the original issue of the end item on which the part is found; such information
is frequently not available for end items that have been in the supply system
for a protracted period. In the second place, considerable hand editing is fre-
quently required in the analysis of data of this type. Since the objective of this
study is to.develop automated forecasting techniques that can readily be applied
to the large volumes of data in the TAERS data bank, simplified mathematical
techniques based on R, , rather than R, , replacement rates were developed.

In developing a means of projecting either of these replacement rates
into the future, the two basic steps involved are (a) combining the obscrved
replacement rates for each usage interval into a mathematical equation and
(b) using this equation to forecast replacement-rate patterns. This chapter
describes these two steps as applied to USAREUR M60 tank engine data.

RAC-T-465 19
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TRANSFORMATION OF DATA INTO MATHEMATICAL EQUATIONS

In Chap. 2, USAREUR M60 tank-engine replacement data and rates for
various mileage intervals were shown in Table 12. Figure 3 shows these same
replacement rates in graphic form.
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Fig. 3—R,/, Replacement Rates of USAREUR M60 Tank Engines

There are several methods of transforming such individual data points
into a single mathematical equation. One of the most commonly utilized is the
least squares technique. Its application produces the single “curve” (not nec-
essarily curved in shape) of a particular type that best fits the individual data
points; the curve of best fit is considered to be the one for which the sum of
the squares of the distances between the data points and the curve is a minimum.

For data points fitted to a straight line, Fig. 4 illustrates the least squares
technique. A, B, (, D, and E represent data points. The straight line pq results
from the application of the least squares technique. The letters a, b, c, d, and
e represent the distance between the data points and the straight line. The po-
sition of the line is such that if one squares each distance (i.e., a x a, b x b,
¢ xc,dxd,and ¢ x e) and adds the squared distance figures together, the sum
is smaller than for any other straight line that can be drawn through the data
points.

In addition to the straight line, other types of curves can be fitted to the
data. Four of the most common types of curves are illustrated in Fig. 5. The
linear, log-log, and semilog curves have been developed through the application
of least squares techniques.
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Fig. 4—llustration of Linear Curve Fitted to Data Points
by Least Squares Technique

Constant Replacement-Rate Curve. The simplest of all possible types of
curves expresses replacement rates as a constant or average rate over the
mileages observed. From Fig. 5a it is evident that this type of curveis a
rather poor representation of engine-replacement activity. All observations

. from 0 to 1600 miles fall below the average rate of replacement, whereas all
observations between 1600 and 3200 miles equal or exceed the average. (The
degree of scatter is greater above 1600 miles than below because of the re-
duction in the number of tanks observed at the higher mileages.

2 Linear Replacement-Rate Curve. In Fig. 5o the R, replacement-rate
curve is expressed as the straight line that best fits the data according to
least squares criteria. The slope of the line indicates that the rate of engine
replacement tended to increase over the range of mileages observed.

! Log-Log Replacement-Rate Curve. Another common type of mathematical

relation to which the individual replacement rates can be fitted is the log-log
curve, also called the double-log curve. At first sight the log-log curve for the
USAREUR M60-tank-engine data looks quite similar to the linear curve. How-
ever, a closer examination of Fig. 5c reveals that the R, , replacement rate is
increasing at a constant rate for the linear relation but is increasing at a de-
creasing rate for the log-log curve.
‘ Semi-Logarithmic Replacement-Rate Curve. A fourth kind of mathemat-
ical expression that can be used to summarize the replacement-rate experience
observed is a semi-logarithmic (semi-log) type curve. A semi-log curve fitted
to the USAREUR M60 tank data indicates that the R, =~ replacement rate for tank
engines is increasing at an increasing rate (see Fig. 5d).

PROJECTION OF REPLACEMENT-RATE PATTERNS

The elementary types of replacement-rate curves discussed above are
summarized in Table 13.
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TABLE 13

Elementary Types of Replacement-Rate Curves Considered for
USAREUR M60-Tank-Engine Data

Type of rate curve considered

Replacement trend

Common name Math notation
Average Reyp = A Constant
L.inear Ra/o = A+ Bx Increasing at constant rate
Log-log Ryo = AxB Increasing at decreasing rate
Semilog R = AB* Increasing at increasing rate

Other types of replacement equations could also have been considered,
of course, but the elementary ones shown are descriptive of a wide variety of
replacement activity. Where more sophisticated types of equations are con-
sidered niore applicable than those listed in Table 13 and when the quality of
the data is known to warrant their use, the computer program described in
Chap. 4 and App D of this study can be adapted to reflect more complex re-
placement patterns.

In projecting observed P eplacement-rate experience into future time
periods, it must be decided which of the types of curves shown in Fig. 5 and
Table 13 are most suitable. One method of selection might be to choose the
type of curve that most closely fits the data during the period observed. On
this basis the semi-log curve (Fig. 5d) would be selected. But a projection of
the semi-log rate for another 3200 miles would indicate that by 6400 miles 37
of 100 tank engines would require replacement per 100 miles of operation, a
rate of replacement that appears much too high. For this reason and because
the constant replacement rate may greatly understate replacement activity,
the log-log and linear equations have been given primary attention in the analysis
that follows. Two other factors also lend support to the selection of log-log and
linear curves: (a) vehicle components that experience aging frequently appear
to follow log-log type behavior, and (b) linear projections provide a widely ac-
cepted kind of replacement estimate to compare with log-log projections.

Once the appropriate mathematical equation(s) has been selected, projec-
tion to future mileages is a relatively simple matter of extending the replace-
ment curves on the basis of the pertinent equation. Appendix C provides re-
placement-rate information for linear and log-log equations for selected M60
tank and M113 APC repair parts. The repair-parts replacement rates for in-
dividual usage intervals presented in App B were used as inputs into a least
squares statistical analysis routine to develop the information furnished in
App C.
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Chapter 4

ESTIMATION OF EXPECTED NUMBER
OF PARTS REPLACED

INTRODUCTION

Chapter 2 discussed techniques utilized in determining parts-replacement
rates; Chap. 3 explained the method used in this study to project replacement
rates into the future. The final step is that of developing techniques for apply-
ing these projections to a given vehicle fleet for a specified time period in the
future. The result of this application will be an estimate of the quantity of a
given repair part that will be needed during this future time period; the esti-
mate will reflect both the mileage distribution of the fleet and the mileage-
dependent replacement rate for the part, projected from past maintenance ex-
perience. A detailed description of the computer routine Expected Number of
Replacement Actions, developed to produce this estimate, is found in App D.
This chapter provides a nontechnical description of the mathematical principles
incorporated into the routine.

Table 14 represents a hypothetical example that illustrates the principle
of how replacement rates and end-item usage distributions are combined. This
table assumes a fleet of 60 vehicies that use part X; the vehicles travel an aver-
age of 100 miles/month.

TABLE 14

Expected Replacements of Part X Required for Fleet of 60 Vehicles
during Current 1-Month Period

(Rate of utilization 100 miles/month)

Usage Intervals for Estimated replace-
interval, Vehicles using Ra/o replace- which estimate ments

miles part X ment rate was made (5) = (2) x (3) x (4)

8) (2) (3 (4) (5)

0-100 5 0.02 1 0.10
101-200 10 0.03 1 0.30
201--300 15 0.04 1 0.60
301-400 15 0.05 1 0.75
401-500 10 0.06 1 0.60
501-600 5 0.07 1 0.35

Total 60 %7 23
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Column 1 shows the various usage intervals expressed in miles. Column
2 shows the number of vehicles in each mileage interval; it is assumed that
this distribution is based on current information. Column 3 gives theR_, re-
placement rate for each mileage interval, rates derived by the techniques de-
scribed in Chap. 2. Column 4 indicates that in this table the parts needs are
being calculated for only one interval, i.e., for 100 miles or 1 month. Column
5 represents the number of replacements of part X expected for the entire
fleet during this 1-month period. It is computed by multiplying cols 2 x 3 x 4
for each usage interval and then adding the products together to obtain a total
figure for the entire fleet. In this case a total of three replacements of part X
would be expected during the current 1-month period.

It must be recognized, however, that information about fleet mileage dis-
tribution is usually not available at the NICP level on a current basis; the out-
of-date mileage distribution must therefore ke updated, usually on the basis of
average rates of utilization observed for the fleet over a recent period of time.
Table 15 illustrates how the computer technique handles this updating problem

TABLE 15

Updating of Mileage Distribution of Vehicles Using

Part X Based on End-ltem Usage Information
Obtained 3 Months Ago

(Rate of utilization 100 miles/month)

Usage Vehicles using Vehicles using
interval, part X part X
miles 3 months ago todoy
0-100 5
101-200 10 \
201-300 15 _
301-400 5 \\\\: 5
401-500 10 \\\ 10

~
501600 5. 15
601-700 k‘ 15

701-800 10
801-900 ™~ 5
Total 60 60

for a hypothetical 60-vehicle fleet. In this case it is assumed that the latest
available information on fleet mileage distribution is 3 months old. The aver-
age rate of utilization for the fleet during the last year has been 100 miles/
month, and in the absence of contravening usage directives it is assumed that
this rate has continued during the last 3 months. The updating therefore be-
comes a relatively simple matter of shifting the entire distribution 300 miles
forward, as shown by the arrows leading from the second to the third column
in Table 15. Such an updating technique assumes that there is effective com-
mand control of utilization and that there is no increment or loss in the vehicle
sample.

The numbers in the last column of Table 15 represent the mileage distri-
bution of the hypothetical vehicle fleet projected to the present. In most cases,
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however, the decisicn to procure a given part is made a considerable time be-
fore it is expected that the parts ordered will actually enter the supply system.
It is therefore important to know what the mileage distribution of the fleet will
be at that future date, for the condition of the {fleet at that time will affect the
need for parts.

Another step of mileage-distribution data updating is ther. ore incor-
porated into the computer routine developed by this study; this routine is
illustrated for the hypothetical 60-vehicle fleet in Table 16.

Column 2 shows the present mileage distribution of the fleet. The esti-
mate of need for part X is to be developed for an average of 900 miles of vehicle
use beginning 8 months from the present. The future rate of utilization cannot
be determined precisely; the average rate in the past, seasonal variations, and
changes in official policy must be considered. For pvrposes of illustration it is
assumed that in this case average utilization during the next 8 months will be
75 miles/month. (This change from the previous average of 100 miles/month
demonstrates the capability of the computer routine to handle different utiliza-
tion rates in each of the two updating steps.)

The arrows leading from col 2 to col 3 in Table 16 show the change in
fleet mileage distribution that occurs during an 8-month period if utilization
averages 75 miles/month: the entire distribution moves 600 miies forward.
Linear prcjéctions of Table 14 replacement rates are shown in cols 4 and 5.

TABLE 16

Expected Replacements of Part X Required for Fleet of 60 Vehicles for 900
Miles of Use, Beginning 8 Months from Present Date

(Rate of vtilization: 75 miles/month)

Vehicles Veh.icles R, /o replacement rate IhFarval® Estimated replc.:ce-
Jsage . vsing for which ments for 900 miles
interval, using port X | Beginning of | End of | Average for -y (12 months), begin-
j part X estimate . :
miles toddy, 8 months forecast forecast | forecast de ning 8 months in
in future period period period future 7 - 2x5x6
m (2) (3) (4) (5) (6) (7) (8)
0-100
101-200 .
201-300
301400 5
401-500 10
501-600 15
601-700 15
701-800 10
801-900 5
90!1--1000 a 0.11 0.20 0.155 9 6.975
10011100 10 0.12 0.21 0.165 9 14.850
1101-1200 15 0.13 0.22 0.175 9 23.625
1201-1300 15 0.14 0.23 0.185 9 24,975
1301-1400 10 0.15 0.24 0.195 9 17.550
1401-1500 5 0.16 0.25 0.205 9 9.225
Total 97.200 or 98

8Fach interval represents 100 miles. Nine intervals - 900 miles or 12 months at 75 miles per month.
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Columns 4, 5, and 6 show the R, , rates at the beginning of the forecast period,

, - the rates at the end of the period, and the average rates for the entire forecast
period, respectively. These rates are used in calculating estimated replace-

| ' ments because they reflect the fleet aging that occurs during the forecast period
itself. Column 7 indicates that parts needs are to be forecast for nine intervals
of 100 miles each; this situation represents 900 miles of use or 12 months of
time if utilization is 75 miles/month. Column 8 shows the estimated number of
parts required for this fleet during 12 months or 900 miles of use. The figures
in col 7 areobtained by multiplying cols 3 x 6 x 7, giving a total of 98 replace-
ments for the entire fleet.

COMPUTER INPUT AND OUTPUT

In the previous section of this chapter a hypothetical example was used to
demonstrate the steps by which the Expected Number of Replacement Actions
Routine produces an estimate of needs for part X during a future period of time.

This section will give examples of actual computer input and output, i.e.,
the information format submitted to and the report format obtained from the
computer routine developed by this study.

Information Format

Figure 6 is an example of the information format that serves as a com-
puter input. Each line is described below.

1. Name and Federal Stock Number (FSN) of end item on which the part is used.

2. Name and FSN of repair part for which the forecast is being made.

3. Organization for which the parts forecast i being made. The computer
routine automatically selects and utilizes pertinent stored data on replace-
ment rates and end-item usage distributions.

1. Enditem: M60 tank F5N 2350-678-5773
2. Repair part:  Enginz  FSN 2815-679.4963 and 2815-855-4996"
3. Organization: USAREUR
4. Forecos’ period: Frqgins 4275
5. Foreccst period:  Ex'ends 200 miles
6. Usaoe measure: Miles
7. Usecge interval: 100 riil2s
8. Date of study: 4214
| 9. Oa*e of end-item invantory: 4183
| 10. FEstimoted rate of end-item utilization from inventory to date of study: 67 miles month
11. Estimaied rofe at end-item utilizotion from date of study to beginning
L of forecast period: 67 miles month
Fig. 6-~-Example of Computer Input Informaiion Format in Estimating Parts Replacement
Forecast of repair-parts consumption: estimated number of parts replaced.
%n this case engines with two different FSNs were used in the M60 tank. For the purpose of
replacement analysis the two were combined.
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4. Beginning of the period for which parts needs will be forecast, expressed
as a Julian date.* In this example the forecast period begins 1 October
1964 (Julian date: 4275).

5. Duration of forecast period. In this example parts needs are forecast on
the basis of miles; the duration could, however, be expressed in months,
rounds fired, operating hours, landings made, or any other suitable mea-
sure of usage.

6. 7"~it of measure used to describe duration of period for which the forecast
is being made. In this example it is miles, but it could be any of the usage
measures listed in 5.

7. The size of the usage interval for which end-item distribution is obtained
and for which separate parts-replacement rates will be calculated. In this
case 100-mile intervals corresponding to those of Tables 14, 15, and 16
were used.

8. Julian date on which study is undertaken, in this example 1 August 1964
4214).

9. Julian date on which latest end-item inventory was made—in this case the
date of latest information on the mileage distribution of the M60 tank fleet,
1 July 1964 (4183). This date is usually earlier than the date of the study
shown in 8, since completely current information of this type is not custom-
arily available.

10. Rate of utilization used to update fleet mileage distribution from time of
latest inventory (1 July 1964) ic the date of the study (1 August 1964). This
is the type of figure used in performing the updating demonstrated in Table
15 earlier in this chapter.

11. Rate of utilization used to project the fleet mileage distribution from the
date of the study (1 August 1964) to the beginning of the forecast period
(1 October 1964). This is the type of figure used in performing the second
updating that was demonstrated in Table 16 earlier in this chapter.

Report Format

Figure 7 is an example of the Expected Parts Replacement Report pro-
duced by the computer when using the routine developed by this study. Since
this report is printed by the computer immediately after the information shown
in Fig. 6, there is no need to repeat identification of end item, part, organiza-
tion, etc.

Line 1 shows that this estimate is based on R, , replacement rates for tank
engines rather than the R_ . rate; both of these rates and the reason for
using the R, , rate were discussed in Chap. 2.

Line 2 indicates that the projection of replacement rates was performed on the
basis of a log-log curve, as discussed in Chap. 3.

Lines 3 and 4 represent the numerical values for A and B, the.constants in the
log-log replacement-rate equation (see Table 13). The values for A and B
were computed by employing least squares techniques in the manner de-
scribed in Chap. 3.

* A Julian date consists of two parts: the first digit identifies the specific year b

within a decade; the remaining three digits represent the particular day of the year,
1 danuary being day number 001. 31 December being day number 365.
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(1) Type of rate: R,
(2) Type of usage relation: Log-log
(3) Equation constant: A - 0.0016
(4) Egquation constant: B - 0.8054
(6) Quantity of end items (7) Estimoted number of
(5) Usage interval in usage interval parts replaced
201-300 115 1.1
301-400 78 0.9
401-500 45 0.6
501-600 42 0.7
601-700 36 0.6
701-800 22 0.4
801-900 44 0.9
901-1000 27 0.6
\WW_&JE—’;—\\—/’,—\_\_:;”___\L/O_—/
6101-6200 2 0.2
6201-6300 5 0.5
6301-6400 2 0.2
6401-6500 3 0.3
Sum 90.3 91

Fig. 7—Example of Expected-Parts-Replacement Report Produced
by IBM 7040 Computer Routine

Column 5 lists the various usage intervals, in this case hundreds of miles.

Column 6 represents the estimated number of end items (in this case M60
tanks) of various mileages that will be in the inventory during the forecast
period, based on a projection of latest available mileage distribution data.

Column 7 gives the desired end result of the entire computer routine developed
by this study: an estimate of the number of parts that will be replaced dur-
ing the forecast period. In this particular example the estimate represents
a 1 August 1964 estimate of the number of M60 tank engines that will be re-
placed in USAREUR during a 200-mile (3-month) interval beginning 1 October
1964, assuming a constant average utilization rate of 67 miles/month and
basing the estimate on the mileage distribution of USAREUR M60 tanks as
of 1 July 1964.

In using the Expected Number of Replacements Routine, a commodity
analyst needs to specify only the information shown in Fig. 6. The rbutine
automatically references the reguired replacement rate and end-item usage
data compiled from organization- and field-level maintenance records and
processed by auxiliary computer routines. For any end item, repair part,
using organization, and forecast period specified for which data are available,
the Expected Number of Replacement Actions Routine provides an estimate of
the number of parts that will be replaced.

Forecasts of repair-parts consumption for selected M60 tank repair parts
during the period from the third quarter of 1964 to the fourth quarter of 1965
are presented in App E.
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Chapter 5

APPLICATION OF METHODOLOGY

RECAPITULATION

Previous chapters of this technical memorandum have described the
methodology developed for preparing estimates of the number of replacements
of a given repair part that will occur during a given usage interval. The three
steps of the methodology presented in Chaps. 2, 3, and 4, respectively, con-
sisted of (a) determining the replacement rate of the given repair part for in-
dividual usage periods, (b) developing a means of projecting these age-dependent
rates into future time periods, and (c) combining projections of replacement
rates and end-item usage inventories to obtain estimates of the number of re-
pair parts expected to be replaced.

Chapter 2 described two major types of replacement-rate calculations:
the R, , rate, which measures all replacements regardless of order; and the
R, . rate, which deals with only a single order of replacement (i.e., first, sec-
ond, or third, etc.). Because of the difficulty in identifying order of failure,
the R, , rate has been emphasized in this study. Chapter 3 described the com-
binirg of individual replacement rates into a simple mathematical equation
through least squares techniques and discussed the reasons for projecting re-
placements into the future on the basis of linear and log-log curves. Chapter 4
then described the prediction of parts replacements. The first step involved
updating the vehicle usage distribution to the date of the study and then projec-
ting this distribution to the beginning of the forecast period. The second step
consisted of applying the projected replacement rates to the projected fleet
usage distribution to obtain the number of replacements expected to occur dur-
ing the forecast period.

This chapter discusses applications of the methodology developed by the
study. The first half of the chapter described several difficulties that may
arise in utilizing the methodology. the latter half illustrates a number of its
potential benefits.

DIF FICULTIES

The fact that a given repair part may be used on more than one vehicle h
(i.e., may have multiple applications) or that two or more repair parts may be
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used interchangeably (i.e., are substitutes) somewhat complicates the applica-
tion of the methodology. The accompanying tabulation illustrates the possible
combinations of multiple applications and substitution of repair parts.

Number of end items on Number of interchangeable repair parts

which part is applied 1 ] 2 or more
1 A C
2 or more B D

Combination A above (one repair part used on onz end item) is the situa-
tion that has been assumed in previous sections of this paper. Combination B
is the condition where one repair part is used on two or more end items. Com-
bination C describes the situation in which one end item uses either of two or
more repair parts that are substitutable and have different FSNs. Combination
D represents a condition in which two or more substitutable repair parts are
used on two or more end items.

The applicability of the computer routine to combinations B, C, and D is
discussed in separate sections of this chapter.

One Repair Part Used on Two or More End Items (Situation B)

For purposes of illustration it will be assumed that part X is used on both
vehicle A and vehicle B. In order to determine the total expected number of
replacements of part X the expected number of replacements of part X on ve-
hicle A and the expected number of replacements of part X on vehicle B must
be available. The first is determined from the R, | replacement rates and the
usage distribution of end items, or more specifically from (a) the number of
replacements of part X on vehicle A, (b) the quantity of vehicle A observed,
and (c) the usage distribution of vehicle A; the expected number of replace-
ments of part X on vehicle B is determined from (d) the number of replace-
ments of part X on vehicle B, (e) the quantity of vehicle B observed, and (f)
the usage distribution of vehicle B.

All the information necessary to calculate a to f is available from TAERS
data. Some inconvenience may result from the fact that the commodity analyst
will be required to add together the two replacement estimates, but the data
and methodology are adequate to provide the total expected number of replace-
ments of part X,

Two Repair Parts Used on One End Item (Situation C)

In this case it is assumed that either part X or part Y, which are sub-
stitutable but not identical, are used on vehicle A. Two separate estimates of
replacements would be desirable: the expected number of replacements of
part X on vehicle A and the expected number of replacements of part Y on ve-
hicle A. The first is determinec from (a) the quantity of part X removed from
vehicle A, (b) the quantity of vehicle A using part X, and (c) the usage distribu-
tion of vehicle A using part X; the expected number of replacements of part Y
on vehicle A is determined from (d) the quantity of part Y removed from vehicle
A, (e) the quantity of vehicle A using part Y, and (f) the usage distribution of
vehicle A using part Y.
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None of these pieces of information is available from TAERS data. When
either part X or part Y is replaced, the main‘enance action record does not
show the FSN of the part that is removed; it is therefore not known whether the
part replaced was type X or Y. Furthermore, when vehicles are issued it is
not usually known which were equipped with part X and which were equipped
with part Y. Therefore none of the information required in a to f is available
from TAERS.

If part Y represented a modification of part X based on user comments
and/or extensive research, it would be desirable to be able to compare the re-
placement rates of the two parts. For the reasons described above it is not
possible to make this comparison with the data now available.

This does not mean, however, that no replacement analysis can be per-
formed. In the example given above, an estimate of total replacements for ve-
hicle A can be made. Although this estimate does not distinguish between part
X and part Y, it nevertheless furnishes a helpful combined forecast of the com-
bined replacement of both parts for the total vehicle fleet.

Two Repair Parts Used on Two End Items (Situation D)

In this case it is assumed that part X and part Y are used interchangeably
on vehicles A and B. For the reasons described in Situation C above, it is not
possible to determine separate replacement rates for part X and part Y on ve-
hicle A. It is, however, possible to calculate a combined rate of replacement
for part X plus part Y on vehicle A and to perform the same type of calculation
for vehicle B.

BENEFITS

Several benefits may be derived from TAERS data analyzed according to
the techniques developed in this study. Such information can be useful at various
times during the utilization period of a given end item and its pertinent repair
parts.

Newly Introduced End Item; No Stable Demand
Pattern Established for Parts

Although the introduction of a new end item into the supply system is fol-
lowed by a period during which no demand pattern for parts has yet been estab-
lished, procurement actions should be instigated to meet future needs. During
this period, information from certain using units can be an effective basis for
predicting future parts needs for the end-item inventory as a whole. These are
units whose vehicles accumulate more utilization (miles, rounds, etc.) than
those in other units. This may be simply because their end items are used
more extensively or because the end item was issued to them earlier than to
other units. In either case the replacement experience of these “older” end
items can serve as a helpful indicator of future parts needs.

An example of the value of consumption data during the early life of a new
end item is demonstrated by the experience with M60 tank track in USAREUR
in late 1962 and early 1963. During this period September-~November 1962
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RAC research teams were gathering parts-replacement data for M60 tanks in
USAREUR.' The first M69 tanks in USAREUR had been issued to the 1st Bn,
33d Armor, 3d Armd Div in May 1961. Data gathered by RAC analysts showed
that by the fall of 1962 the large majority of the tanks in this unit had experi-
enced replacement of complete sets of track between 1800 and 2800 miles (see
Fig. 8). On the basis of these consumption data (which are similar to those
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Fig. 8—Cumulative Percentage of M60 Tank Track-Shoe Assemblies
Replaced in 1st Bn, 33d Armor, 3d Armd Div

available in TAERS) it was possible to forewarn Army authorities of the im-
pending large-scale demands for track that would result when the remainder
of the USAREUR tank fleet entered this critical usage interval. Prompt action
was taken to alleviate the imminent shortage.

End Item Continuing in Inventory: Demand Pattern Established

When an end item has been in inventory for a sufficiently long time, de-
mand data are generated, summarized in average quarterly demand reports,
and used as the basis of forecasting future parts needs. As was indicated in
Chap. 1, demand information has not furnished a completely satisfactory basis
for forecasting. The consumption information obtained from TAERS data and
analyzed by the methods described in this study could be used to prepare aver-
age quarterly consumption reports; these could be used at present to supplement—
and perhaps later to supplant-—the average quarterly demand reports as a basis
for parts-needs forecasting.
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End Item Leaving Supply System: Demand for Parts Declining

Because of rapid improvements in technology, new end items are fre-
quently phased into the inventory while the older models are phased out. This
changeover frequently involves a period of time during which parts for both
old and new end items must be available.

During this period a considerable supply of old-model parts may be in
the supply system. Frequently this situation is coupled with a low demand for
the parts because of the decreasing old-model end-item population. If parts-
needs forecasts are based only on demand data, some of the supplies of parts
may be declared in excess and removed from the system. However, if the old
end item remains in the system for a considerable period of time, this dis-
posal of excess may later prove to be both premature and embarrassing; there
may be a need to procure the same parts that were earlier disposed of. There-
fore if usage-dependent replacement rates based on consumption data are de-
veloped for these end items, parts needs can be more accurately predicted and
appropriate parts supplies maintained within the system.
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INTRODUCTION

This appendix presents a description of the computer routine used to de-
velop the repair-parts replacement rates described in Chap. 2 and shown in
summary form in App B. A general description of the routine is given in the
next section of this appendix, followed by a detailed discussion in the lastsection.

Throughout this appendix the terms “events” and “events rates” will be
used because the routine has been constructed to be sufficiently general to ana-
lyze any kind of event. It converts raw data of the form “event X occurred to
equipment Y at equipment age Z” into an event rate. In studying vehicle main-
ienance, for example, the routine could be used to develop rates based on re-
placement, repair, or adjustment actions or on any combination of theseactions.

GENERAL DESCRIPTION

An outline of the flow and generation of information in the Events Rates
Routine is shown in Fig. Al. The routine requires two types of data files: an
events file and an equipment sample file. For the events file the following in-
formation is needed: event identification code (repair, adjustment, or replace-
ment), equipment serial number, and equipment usage (e.g., age, miles, rounds,
landings) at the time the event occurred. For each item in the sample the fol-
Jowing data must be in the equipment sample file: serial number, usage at
which observation in the sample began, and the usage at which observation ended.

Use of the rates routine requires the existence of an appropriate sort
routine for each of the two data files. Beginning with the two sorted files the
rates routine proceeds in two phases.

Phase I places the desired elements of the two basic data files on one tape.
During this phase it is possible to select any subsample and any type of event
for analysis. The format of Phase I output is a sequence of one or more “jobs.”
Each job is composed of at least two data blocks. The first data block in each
job is the equipment sample or subsample. Each remaining data tlock in the
job is a specific event for which a rate is to be computed. This output is used
as input to Phase II.

Phase II computes events rates for each job on the Phase I output tape.

In the first of the two steps in this computation a usage interval (for example,
100 miles) is specified and a frequency count of events and equipment is made
for each interval of a contiguous set of such usage intervals, beginning at usage
0 and ending with the interval containing the usage of the oldest sample or sub-
sample. These two frequency counts are printed as the events table and the
equipment-sample density table. In the second step the events rate for each
usage interval is computed. The rate is computed in the R; ., R, ,, and
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Phase |

J L

Events table

Equipment
sample
density

table

Step 1 <«

Cumulative
a/o QN s/o
events
rates table

Phase {1}

Ra/e and Rs/q

Step 2 J events
rates table

Rs /e
events

rates table

Fig. Al—Flow and Generation of Information
in Events Rotes Routine

cumulative R, ,, forms. Rates are also computed in a mixed form R/, , which
was not described in Chap. 2. The subscript s/o of this replacement rate in-
dicates that for each usage interval, the number of replacements of a specific
order s, is divided by, the number of vehicles observed and available to fail o.
The cumulative R;/, is also computed and shown in tabular form.

The printed output of the rates routine is contained on six pages. Ex-
amples of these six pages for M60 tank-engine replacements are shown in
Figs. A2 to A7. The formats of the tables shown in Figs. A3 to A7 are similar.
These tables are basically 9 by 50 arrays in which the nine columns from left
to right correspond to event orders 1 to 9 and the 50 rows from top to bottom
correspond to age intervals (numbered 1 to 50) of the size stated on the cover
page (Fig. A2). Sometimes 10th-col and/or 51st-row entries appear; these are
row and column sums, respectively.
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M60-TANK-ENGINE REPLACEMENT-RATE OUTPUT

Maintenance Eveants Rates vs Age

Vehicle M60 Tank
Sample Total

Age Segmert 100 Miles
Eveut Engine

Fig. A2- Txomple of Cover Page, M60 Tank-Engine
Replacement-Rate Qutput

B
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Usage Quantity Replaced
Interval, ist 2ad 3rd 7 Lh 5th 6th Tth 3th 9th
Miles Order Order Order Order Order Order Order Order Order
0-100 R 0. 0. 0. 0. 0. 0. 0. 0.
101-200 2. 0. 0 0. 0. 0. 0. 0. 0.
201-300 L, 0. e 0. 0. U. 0. 0. G
301-400 L, 1. 0. 0. 0. 0. 0. 0. 0.
L01-500 3. 1. 0 O. 0. (03 0. 0. 0.
501-600 il 0. 0. 0. 0. 0. o o 0.
601-T700 1. 0. 0. o. 0. 0. 0. 0. 0.
701-800 L. 0 0. 0 0. 0. 0. 0. 0.
801-900 3. 0 0. 0. 0. 0. 0. 0. 0.
900-1000 5l 0. (0 0. 0. 0. 0. (05 0.
1001-1100 L, rs 0. 0. 0. 0. 0. 0. 0.
11011200 i 0. 0. 0. 0. 0. 0. 0. 0.
1201 -1300 5. 0. 0. 0. 0. 0. 0. O 0.
1301-1400 6. T 0. 0. O 0. 0. 0. 0.
1401-1500 8. 0. 0. 0. 0. 0. Ok 0. 0.
1501-1600 9. 2. 0. 0. 0. Ok 0. 0. 0.
1601-1700 15. 2. 0. 0. 0. 0. 0. 0. 0.
1701-1800 10. 1. 0. 0. 0. 0. 0. OF O
1801-1900 20 e 0. 0. 0. C. 0. 0. 0.
1901-200C 8. 4, 1. 0. 0. 0. 0. 0. 0.
2001-22100 15. 1e 0. 0. 0. 0. @ 0. 0
2101-2200 12. 3n 1. 0. 0. 0. 0. 0. 0.
2201-2300 9. i 0. 0. 0. 0. 0. 0. 0.
23012400 1k, 5. i 0. 0. 0. (03 0. 0.
2401-2500 12. iy 0. 0. 0. 0. 0. 0. 0.
£501-2600 a5, 0. 1. 0. 0. 0. 0 Oh 0.
2601-27700 5. L, 0. 0. 0. 0. 0. 0. ©k
2701 -23800 6. L, il o OF 0. 0)3 0. Q.
2801 -72900 6. i 0. i1 0. 0. o QO 0.
29013000 3. 2. 0. 0. 0. 0. 0. OF. 0.
3001-3200 L, 0. (o 0. 0. oL 0. C. 0
3161-3200 2. 2. 0. Ok 0. 0. 0. O 0!
3201-3300 1. 2, 0. 0. 0. 0. 0. 0. 0.
3301-3L400 3. 1. 0. 0. 0. 0. 0. © On
3403.-3500 4, 0. 0. 0. 0. 0. 0. N {
350135600 1. Of 0. 0. 0. 0. O 0. ©
3601-3700 1. Lo O} Qs 0. Crs 03 O 0.
3701-3800 2. 0. 0. 0. 0. 0. ()8 ®) 0.
3601-3900 . 0. 0. ©Oh 0. 0. 0. G. 0.
3901-L4000 0. 0. 1 0. 0. 0. 0. ()8 0.
Loo1-4100 1. ' 0. 0. 0. O Ja 0. (0
L101-4200 0. 0. 0. 0. 0. 0. 0. 0. OF
L201-4300 1. 0. 0. 0. 0. 0. C. Q. 0
4301-4400 0. 0. 0. 0. 0. 0. 0. 0. 0.
4401-4500 O 0. 0. 0. 0. O ' 0. 0.
4501-4600 0. 0. 0. 0. 0. 0. 0. 0 0.
L601-4700 0. Ok O 0. 0. 0. & 0. (o}
Lk701-4800 0. 0. 0. 0. 0. 0. 9. 0. 0.
LB801-4900 0. 0. 0. 0. 0. 0. Bo 0. Q)
4901-5000 0. O 0. 0. 0. @ 2. §_._0. o
SUM 235. Ly, 6. 1 0. 0. Dk 0. 0.
Fig. A3—Examyle of Events Table, M60 Tank-Engine Replacement-Rate Output
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Usage Vehicles Which Have Not Yet Experienced
Interval,| 1st 2nd 3rd Tth 5th 6th Tth Bth 9th
Miles Order Order Order Order Order Order Order Order Order
Repl. Repl. Repl . Repl. Repl. kepl. Repl. Repl. Repl.
0-100 639.0 | 639.0 63<.0 639.0 639.0 639.0 639.0 639.0 639.0
101-200 635.7 639.0 639.0 639.0 639.0 639.0 | 639.0 639.0 639.0
201-300 632.2 638.0 638.0 638.0 638.0 638.0 638.0 638.0 638.0
301-400 627.7 636.8 637.0 637.0 637.0 637.0 637.0 637.0 637.0
L01-500 623.0 633.5 634 .6 634.6 634 .6 634.6 634 .6 634 .6 634.6
501-600 616.2 632.0 634%.0 634.0 634 .0 631.0 634.0 634.0 634.0
601-T700 611.1 630.9 632.9 632.9 632.9 632.G 632.9 632.9 632.9
701-800 606.7 | " 629.0 631.0 631.0 631.0 631.0 631.0 631.0 631.0
801-900 €01.1 628.0 630.0 630.0 630.0 630.0 630.0 630.0 630.0
901-1000 598.0 628.0 630.0 630.0 630.0 630.0 630.0 €30.0 630.0
1001-1100 591.9 626.8 628.8 628.8 628.8 628.8 628.8 628.8 628.8
1101-1200 589.3 626.0 628.0 628.0 628.0 628.0 628.0 628.0 £28.0
1201-1300 583.1 623.9 625.9 625.9 625.9 625.9 625.9 625.9 625.9
1301-1400 573.7 619.4 621.7 621.7 621.7 621.7 621.7 621.7 621.7
1401-1500 564 .4 616.2 619.2 619.2 619.2 619.2 619.2 619.2 619.2
1501-1600 553.4 610.3 614 .6 614.6 614 .6 61k4.6 614 .6 61k4.6 614 .6
1601-1 700 538.6 603.0 608.7 608.7 608.7 608.7 608.7 608.7 608.7
1701-1800 510.1 594 .7 602.6 602.6 602.6 602.6 602.6 602.6 602.6
1801-1900 500.0 $86.3 596.3 596.3 596.3 596.3 596.3 596.3 596.3
1901 -2000 48,7 570.0 580.9 581.1 581.1 581.1 581.1 581.1 581.1
2001-2100 457.6 H51.2 562.6 562.6 562.6 562.6 562.6 562.6 562.6
2101-2200 433.1 530.7 shh .1 shliy .1 sl 1 shi 1 shh .1 S5LL .1 shi 1
2201-2300 405.8 500.4 512.5 513.6 513.5 513.5 513.5 513.5 513.5
2301-2400 359.2 48,7 459.8 L460.9 L460.9 L60.9 L60.9 Leo.0 L60.9
2401-2500 309.3 395.5 L4o7.0 L409.0 409.0 Loy.0 L09.0 409.0 L409.0
2501-2600 255.9 339.1 350.6 353.1 353.1 353.1 353.1 353.1 353.1 2
2601 -2700 221.0 298.5 309.8 312.4 312.4 312.4 312.4 312.4 312.4
2701-2800 189.2 258.0 271.4 273.7 273.7 273.7 273.7 273.7 273.7
2801-2900 163.9 224 .3 239.3 240.4 2Lo.4 2Lo.4 24o.4 240.4 240.4
2901-3000 1474 202.8 215.8 £15.8 215.8 215.8 215.8 215.8 215.8
3001.-3100 130.4 179.8 189.1 189.1 189.1 189.1 189.1 189.1 189.1 N
3101-3200 114.6 155.3 162.4 162.4 162.4 162.4 162.4 162.4 162.4
3201-3300 95.6 128.2 13k4.5 134.5 134.5 13k.5 134.5 134.5 134.5
3301-3400 T7-9 104.2 109.3 109.3 109.3 109.3 109.3 109.3 109.3
3401-3500 TO.T 9.6 97.6 97.6 g7.6 97.6 97.6 97.6 7.6
3501 -3600 60.2 82.2 86:5 | 86.5 86.5 86.5 86.5 86.5 86.4
3601-3700 2.1 70.8 75.2 5.2 75.2 75.2 5.2 T5102 75.2
3701-3800 43.0 57.5 61.5 0l.5 61.5 61.5 61.5 61.5 61.5
3801-3900 36.8 4L8.6 51.6 51.3 51.3 51.3 51.3 51.3 51.3
3901-L4000 32.3 bo.1 Ly Li.1 4L .1 441 4L 1 L Ly.1
Loo1-4100 26.2 3k4.9 37.0 g7 40 37.0 37.0 37.0 37.0 37.0
L4101-4200 20.6 26.7 29.0 29.0 29.0 29.0 29.0 20.0 29.0
4201-4300 16.1 19.4 20.4 2C.4 20.4 20.4 20.4 20.k4 20.4
L301-4400 10.6 4.4 15.4 15.h4 15.4 15.4 15.4 15.4 15.4
L401-~k4500 7.0 9.6 10.6 10.6 10.6 10.6 10.6 10.6 10.6
4501-4600 6.1 8.1 9.1 9.1 9.1 9.1 9.1 9.1 9.1
L601-4T00 2.2 4.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2
L701-4800 0. 1.1 1.3 1.3 1.3 1.3 1.3 1.3 1.3
L801-4900 0. ok o 0. 0. 0. 0. Ok 0.
L901-5000 Ol O 0. 0. oF 0. 0. 0. 0,
SUM I5018.7 [17239.7 |LTEBL.9 [1T807.04 |L7407.0 [ 174970 L176O7.4 J174O7.4 | L7597 .4
Fig. Ad—Example of Vehicle-Sample Density Table, M60 Tank-Engine
Replacement-Rate Output
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Usage R% Replacement Rates for Specific Orders of Replaceament
Interval, |7 75T 2na. 3rd Lth 5th 6th Tth Bth Ttn
Miles Order Order Order Order Order Order Order Order Crder
0-100 0.003 0. 0. O 0. 0. Ok 0. 0.
101-200 0.003 0. 0. 0. 0. 0. 0. 0. 0.
201-300 0.006 0. 0. 0. 0. 0. (013 0. (0)3
301-400 0.006 0.002 0. 0. 0. 0. 0. 0. O
401-500 0.005 0.002 0. 0. 0. 0. 0. 0. 0.
501-600 0.011 0. 0. 0. 0. 0. 0. 0. 0.
601-T700 0.002 0. 0. 0. 0. 0. 0, 0. 0.
701-800 0.007 Ok C. Q% 0. 0. 0. 0. 0.
801-900 0.005 0. 0. 0 Ok Ok 0. O. 0.
901-1000 | 0.008 0. 0. 0. 0. 0. 0. 0. 0.
1001-1100 | 0.007 0. 0 O 0. 0. O 0. 0.
1101-1200 | 0.002 0. 0. 0. 0. 0. O 0. 0
1::01-1.300 ] 0.009 0. 0. 0. 0. 0. 0. 0. 0.
1302-1hk00 | ©.010 0.002 0. 0. 0. 0. ol 0. o
1501~1300 | 0.01k4 0. 0. 0. 0. 0. OF oF 0.
1501-1600 | 0.016 0.003 O 0. 08 0. 0. 0. 0.
1601-1700 | 0.028 0.003 0. 0. 0. oL OF @ 0.
17011800 | 0.020 0.002 0. 0. 0. 0. 0. 0. (0)F
1801-1900 | 0.0kO 0.005 0. 0% 0. 0. @ o 0.
1901-2000 | 0.017 0.007 0.002 0. 0. 0. op 0. 0.
2001-2100 | 0.033 0.002 0. 0. 0. 0. 0. o 0.
2101-2200 | 0.028 0.006 0.002 0. 0. 0. 0. 0. 0.
2201-2300 | 0.022 0.002 0. 0. 0. Or 0. (0] 0.
2301-2400 | ©0.039 0.011 0.002 0. 0. 0. 0. 0. 0.
2401-2500 | 0.039 0.003 0. 0. 0. 0. 0. G} 0.
2501-2600 | 0.043 Ok 0.003 0. 0. 0. 0. © . 0.
2601-2700 | 0.023 0.013 0. 0. 0. (0% 0. 0. 0
2701-2800 | 0.032 0.016 0.00k 0. 0. 0. 0. 0. 6]
2801-2900 | 0.037 0.00k4 0. 0.00L 0. 0. 0. (03 O,
£901-3000 | 0.020 0.010 0. 0. 0. 0. 0 0. O
3001-3100 | 0.031 0. oOF 0. O. 0. 0. 0. 0.
3101-3200 | 0.017 0.013 0. 0. 0. 0. 0. 0. 0.
3201-3300 | 0.010 0.016 0. 0. 0. 0. 0. 0 0.
230%1-3400 | 0.039 0.010 0. 0. 0. 0/ ol O 0
3401-3500 | 0.057 0. 0. 0. 0. 0. 0. (o]0 0,
3501-3600 | 0.017 0. 0. 0. 0. 0. 0. 0. 0.
3601-3700 | 0.019 0.014 O. Ok 0. 0. ©% 0. 0.
3701-3800 | 0.04T 0. 0. 0. 0. 0. 0. o 0.
3801-3900 | 0.027 o, 0. 0. 0. 0. 0. 0. OF
3901-4000 | ©. 0. 0.023 0. 0. o. 0. 0. 0.
Loo1-4100 | 0.038 0.029 ©)s 0. OF 0. 0. 0 0.
ho1-4200 | o. 0. 0. 0. 0. 0. 0. 0. 0.
L201-4300 | 0.062 0. 0. 0. 0. 0. 0. 0. 0.
L301-4400 | O. 0. 0. ok 0. 0. 0. (o)} (0¥
Lhor-k500 | ©. 0. O. 0. o 0. e ol 0.
Lsoi-46co | O. 0% 0. 0. 0. 0. 0. 0. 0.
L4e01-4T700 | O. 0. o, 0 0. 0. 0. 0. 0.
4ro1-4800 | oO. 0w 0. 0. @k 0. 0. 0. Op
L4801-4900 | o©. 0. 0. 0. 0. 0. 0. 0. 0
Loo1-5000 | 0. 0. (o] Ok 0. 0. 0. 0. OF
Fig. A5—Example of R5/e Replacement-Rate Table, M60 Tank-Engine
Replacement-Rate Qutput
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T R% Replacement Rate for Specific Orders of Replacement R%
Interval,| lst 2nd. 3rd Lth 5th 6th Tth 8th 9th | Replacement Rate
Miles Order | Order | Order | Order | Order | Order | Order | Order | Order For All Orders
) 0Of Replacement
0-100 |0.0031 0. 0. 0. 0. 0. 0. 0. 0. 0,003
101-200 |[0.003] 0. 0. 0. 0. o 0. 0. 0. 0.003
201-300 {0.006} 0. C. 0. 0. 0. 0. 0. ©ls 0.006
301-k00 }0.006] 0.002 | 0. 0. 0. 0. 0. 0. 0. 0,008
4k01-500 |0.005| 0.002 |oO. 0. 0. 0. o 0. 0. 0,006
501-600 |0.0111 0. 0. 0. 0. 0. 0. 0 @ 0.011
601-700 [0.,002] 0. 0. 0. 0. 0. 0. 0. 0. 0.002
T701-800 |C.006] 0. 0. C. 0. 0. o Q. 0. 0,006
801-900 {0.005] 0. 0. 0. 0. 0. 0. 0. (0)3 0,005
901-1000 |0.008{ ©. 0. . 0. 0. 0. 0. 0. 0,008
1001-1100 | 0,006 | ©. 0. 0. 0. 0. 0. 0. 0. 0.006
1101-1200 j0,002 | O. 0. 0. (o]8 0. 0. 0. 0. 0,002
1201-1300 |0.c08| 0. 0. 0. 0. 0. 0. 0. ). 0.008
1301-1400 10,010 | 0.002 | O. 0. 0. 0. 0. 0. 0. 0.011
14C1-1500 0,013 | O. 0. @3 0. 0. ok, 0. o G.013
1501-16C0 0,015} 0.003 | O. 0. 0. 0. 0. B 0. .0l8
1601-170C {0,025 0.003 { O. 0. 0. 0. 0. o. 0. C.028
1701-1800 0.017 | 0.002 | 0. O. 0. 0. 0. 0. 0. c.018
1801-1900 0,034 | 0.005 | 0. 0. OF O Qr 0. O 0.039
1901-2000 }0.014 } 0.007 | 0.002 | O. 0. 0. 0. 0. 0. 0.022
2001-2100 0,027 § 0.002 { 0. 0. 0. C. 0. 0. G 0.028
2101-2200 {0,022} 0.006 | 0.002 | O. 0. 0. 0. 0. 0. 0.029
2201-2300 |0.018 | 0.002 | O. 0. OF Op O. 0. 0. 0.019
2301-2400 {0,030 | 0.011 { 0.002 | O. 0. 0. 0. 0. 0. 0.C43
2401-2500 {0,029 | 0.002 | O. 0. 0. Ok OF 0. 0. 0.032
2501-2600 |C,.031{ 0. 0.003 | 0. 0. op 0. OF 0. 0.034
2601-2700 JC.C16 ] 0.013 | O. On OF 0. 0. 0. 0; 0.029
2701-2800 | 0,022 | 0.015 | 0.004 | O. 0. 0. ol 0. 0. 0.0L0
2801-2900 | 0,025 1 0.004 | ©. 0.004 0. 0 0. 0. 0. £.033
2901-3000 [0.014 | 0.009 | O. . 0. O 0. 0. 0. 0.023
3001-3100 {0,021 | . 0. 0. 0. 0. 0. 0. 0. 0.021
3101-3200 {0,012 | 0.012 { O. o. 0. 0. 0. 0. 0. 0,025
3201-3300 {0,007 | 0.015 ] O. 0. 0. 0. 0. 0. 0. 0.022
3301-3400 [0,027 | 0.009 | 0. 0. 0. 0. 0. 0. 0. 0.037
3401-3500 |0.041 ] G. 0 Q. 0. 0. 0. 0. 0. 0,040
3501-3600 {0,012 0. 0. 0. 0. 0. 0. 0. 0. 0.012
3601-3700 {0,013 | 0.013 | 0. 0. 0. 0. 0. 0. 0. 0.027
3701-3800 {0,033 { O. 0. 0. 0. 0. 0. 0. 0. 0,033
3801~3900 {0,019] 0. 0. 0. 0N 0. Ok 0. 0. 0.019
3901-4000 |0, 0. 0.023 ] 0. 0. 0. 0. O. 0. 0.02
L001-4100 {0.027 | 0.027 0. 0. 0. 0. 0. Ol 0. 0,054
4101-4200 |0, 0. 0. 0. QF 0. o. 0. ®: 0.
4201-4300 |0,049 ] 0. 0. 0. 0. 0. 0. 0. 0. , 0.049
4301-4400 10, 0. 0. (o8 0. 0. 0. 0. C. 0.
L4h01-4500 |o, (o 0. o 0. 0. 0. OF 0. 0.
Ls501-4600 {0, 0. 0. 0. B 0. 0. 0 O O.
L601-4700 {0, 0. . o . 0. 0. 0. 0. 0.
L4701-4800 |0, 0. 0. 0. 0. 0. 0. 0. 0. 0.
4801-4900 |0, Ok 0. 0. 0. 0. 0. Or 0. 0.
L901-50c0 |0, 0. 0. 0. O OF 0. Ok 0. 0.
Fig. A6—Example of Rs/o and Rq/o Replacement-Rates Table, M60 Tank-Engine
Replacement-Rate Output
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Usage Cumulat-ve Rs Replacement Rate fer All Orders of Replacement Cumulative
Interval S R‘G Replacement Rate
Miles | 15% 2nd 3rd Lth Sth 6th Tth Bth | Sth For All Orders
Order | Order| Order | Order | Order | Order ) Order ]| Order | Order Of Replescements
¢-100 [0.003] 0. O. 0. 0. 0. 0. 0. 0. 0.003
101-200 |[0.006 | 0O, O. 0. 0. (o] 0. 0. 0. 0,006
201-300 |C.012]| O, _O. 0. 0. 0. 0. 0. 0. 0.012
301-400 0.C1l8| 0.002] O, 0. o. 0. 0. 0. 0. 0.020
L01-500 |0.023 ) 0,004, O. 0. 0. O% 0. 0. 0. 0.026
501-600 |0.03410,C04]| C. 0. 0. 0. 0. 0. 0. 0.037
601~T7T00 0,036 | 0.004] O. ® ! 0. 0. 0. 0. 0. 0.039
701-800 |0.042 | 0.COAL| O. 0. 0. oL 0 G, 0. 0.045
801-900 |0.C471 0,004 O, 0. 0. 0. 0. 0. 0. 0.050
901-1000 | 0,055 | 0,004( O. 0. (08 0. 0. 0. 0. 0.058
1001-1100 [0,061 | 0,004]| O, 0. on Ok 0. 0. 0. 0.064
1101-1209 | 0.C62 | 0.004] O. 0. (O 0. 0. 0. OF 0,066
1201-1300 | 0,071 0.COL| O. 0. 0. 0. 0. 0. 0. 0.074
1301-1400 | 0,081 | 0.C06] 0. @], 0. 0. 0. C. 0. 0.085
1401-1500 [0,C94 | c.006]) O, 0. (0% 0. ©F: 0. o 0.098
1501-2600 {0,107 | 0,009] O. 0. 0. 0. 0. 0. OF 0.116
1601-1700 |0.134 | 0.012[ O, ()3 0. 0. 0. 0. 0. 0.144
1701-1800 | 0,151 0,014} O, 0. 0. 0. o/ 0. 0. 0.162
1801-1900 |0.185 ] €.C19] 0. 0. 0. 0. 0. 05 0. 0.201
1901-2000 10,199 | 0,026 0,002} C. 0. 0. 0. 0. 0. 0.223
2001-2100 | 0,226 | 0,028 0.002} O. 0. 0. 0. 0. 0. 0.251
2101-2200 | 0,248 | 0,034 0.004] ©. 0. 0. 0. 0. o 0.280
2201-2300 | 0,266 { 0,036| 0.004) O. 0. 0. 0. 0. 0. 0.299
2301-2400 | 0,296 0.047| 0.0061 ©. 0. (0]8 Q% OF 0. Cu342
2401-2500 | 0.325 | 0,049 0,006} O. . 0. 0. 0. 0. 0.374
2501-2600 [ 0.356 | 0.049| 0.009} ©. 0. 0. 0. 0. 0. 0.408
2601-2700 | 0.372 | 0.062] 0,009} O. 0. ©% 0. O 0. 0.437
2701-2800 | 0.394 ] 0.077] 0.013] ©. 0. ©)e 0. 0 0. 0.477
2801-2900 | 0.419 ] 0,081| 0,013} 0.00k 0. 0. 0. 0. 0. 0.510
2901~3000 | 0.433 ] 0.090( 0,013] 0.00k 0. 0. 0. 0. 0. 0.533
]3001-3100 | 0.454 | 0.090| 0,C13] 0.00k ©: 0. 0. 0. OF 0.554
3101-3200 | 0,466 | 0,102 C.013} ©.00k 0. 0, 0. 0. o] 0.579
3201-3300 } 0.473 ] 0.117} 0.013] 0.00k @ 0. ®r 0 0. 0.601
3301-3400 | 0.5C0 | 0,126 0.013§ 0.00kL 0. @ 0. 0. 0. 0.638
3401-3500 | 0,541 | 0.126] 0.013] ©.00L 0. OF 0. 0. 0. 0.678
3501-3600 | 0.553 | 0.126| 0.013] 0.00k 0. 0. 0. 0. 0. 0.690
3601-3700 { 0.566 | 0.139| 0.013| 0.00% 0. 0. 0. 0. 0. 0.717
3701-3800 { 0,599 | 0.139( 0,013} 0.00k 0. 0. 0. N, 0. 0.750
3801-3900 | 0.618 | 0.139] 0.c13] 0.00L 0. Or, oF 0. 0. 0.769
3901-4000 | 0,618 0.139| 0.C36{ 0.004 0. 0. 0. 0. 0. 0.792
Lo01-4100 | 0,645 | 0.166| 0.036} O.00k Ok 0. 0. 0. 0. 0.846
4101-4200 | 0.645 | 0.166| 0.036} O.00k4 0. 0. 0. 0. 0. 0.84,6
4201-4300 | 0,694 | 0.166| 0.036] 0.00k 0. 0. 9 0. 0. 0.895
4301-4400 | 0,694 | 0,166] 0.036} 0.004 Ok ®. 0. 0 0. 0.895
LLo1-4500 | 0,694 | 0,156 0.036] 0.004 0. 0. 0. 0. 0. 0.895
4501-4600 | 0,694 | 0.166] 0.036] 0.004 0. 0. 0. 0. 0. 0.895
L601-4700 | 0,694 | 0.166] 0.036] 0.00k 0. 0. 0. 0. 0. 0.895
4701-4800 | 0,69z [ 0.166] 0.036] 0.004 0. 0. 0. 0. 0. 0.895
4801-4900 | 0,694 | C.165| 0.036] 0.004 0. 0. ()8 0. 0. 0.895
L901-5000 | 0,69. | 0.1661 0.0361 0.00k 0 Or 0. 0. 0. 0.895
Fig. A7T—Example of Cumulative Rs/o and Rg/o Replacement-Rates Table, M60
Tank-Engine Replacement-Rate Output
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DETAILED DESCRIPTION

The Events Rates Routine is programmed in Fortran IV for the IBM 7040
computer. It was used to analyze replacement data gathered by RAC analysts
for RAC-T-460.' Minor modifications would be required in order to process
TAERS data. The routine has two phases: the first selects desired hasic data
and writes them on a file in the format required by the second phase; the second
phase computes rates.

Phase I

As shown in Fig. A8, for Phase I the computer routine selects the desired
subsample(s) of equipment from the equipment file and certain types of events
from the events file. The blackened portions of Fig. A8 show the final results

Selected i Selected
equipment event for
sulzsample | 7 selected
’ | equipment
/| subsample
| Total events P
| sample
|
Total equipment | E)
sample ~Selected
| event
|
Equipment file | Events file

Fig. AB—lllustration of Phase | Selection Cnpability

of the double selection process: certain types of events occurring in the selected
equipment subsample. Figure AY shows schematically the selection process as
it is performed by the computer.

Input: Phase I of the rates calculation requires two kinds of input: hasic
data and control data.

Basic data: Basic data are in two files on separate magnetic tapes: an
events file and an equipment file.

(a) Events file contains one record per block, 61 BCD characters per
record, in ascending equipment number within ascending event number overall,
or if the file is partitioned, within partition. The last record of the equipment
sequence in the last event of the file or of a partition must be an ENDE record.
The record format of basic events data is shown in Table Al. The information
in parentheses represents the application of the format to RAC-T-460" data.

The first record of the events file is a label of the format shown in
Table A2.

In addition to the label and the events data records, there is a record
called ENDE for at least each troop unit in which equipment was sampled. The
format of ENDE is shown in the accompanying tabulation.

44 RAC-T-465
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Basic Basic
dota Table Table daota

Input E quipmant
subsomple
table
Event Event Equipment
P : ; in squipment in equipment
g in table? subsomple? subsomple?
Output
Fig. A9—Flow Chart Demonstrating Computer Selection of Equipment Subsample
and Type of Event from Equipment and Events Files
TABLE Al
Record Format of Events Data
Fortran
Element name Card columns
Equipment type code (tank or APC) — 2
Unit code (Bn) UN 3,4
Equipment identification number (last 4 digits of
USA registration number) RN 8-—11
Equipment age at event (miles) AEM 27-31
Equipment age at event? (days) AED 32-35
Event type code (repair, adjustment, or replacement) — 44
Event order (first, second, third, etc.) — 45
Quantity of components involved in the event Q 46-48
Component identification number (FSN) NFSN 49-59
Component identification number® (RAC No. )¢ PN 60, 61
8Two age measures are permitted; th: second (AED) interpreted as chronological age
in the assignment of order number in step 3 of Phase I processing.
Two component identification numbers are permitted.
€A number is assigned to each part name and may represent more than one FSN.
RAC-T-465
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TABLE A2
Record Format of Events File Label

Element Card columns
1% 1
“00” 3,4
“0000” 8-11
Date [ile was made 12-17
Day 12, 13
Month 14, 15
Year 16, 17
Equipment type code 18
Data type code 2 ior events 19
Data description 20-43
0's 49-61
Element Fortran name Card columns
Unit code UN 3-4
“ENDE” ENDE 8-11

() The equipment file contains one record per block, 60 BCD characters
per record in ascending equipment number sequence overall, or if the file is
partitioned, within partition. The last record of a sequence must be ENDV.
The record format of basic equipment data is shown in Table A3.

TABLE A3
Record Format of Basic Equipment Data

Fortran
Element nome Card columns

Equipment type code — 2

Unit code UN 3,4
Equipment identification number RN 8-11
Equipment age when last seen in sample AEM 27-31
Equipment age when last seen in sample® AED 32-35
Equipment age when first seen in sample ABM 50-54
Equipment age wheu. first seen in sample® ABD 55-58

2Two age measures are permitted.

The first record of the equipment file is & label of the format of the events
file label (Table A2) except that position 19 contains a “1” for equipment; there
are also the same set of ENDV records as there are ENDE records for the
events file.

Control data. The control data for Phase I specify program control words
and also specify for each job the events and the equir.ment subsample (if any)
to be selected from the basic data files. Each job is composed of at least two

46 RAC-T-465
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data blocks. The first data block in each job is the equipment sample or sub-
; sample. Each remaining data block in the job is a specific event for which a
} - rate is to be computed. The control data are in punched cards and are shown
t in Table A4.
Phase I control cards are used in the following sequence:

1 Ends, match, blockstops
Events table, = 60 cards
3 SwsuB
4 SWSEQ
r 5 SAMP
6 SWSUBE
7T SWRW
8 NBLK
9 Subsample table, =500 cards
| 10 VBLK
| 11 M

’ Only one card 1 is used per run; a set of cards 2 to 11 is used for each job.

Processing. The processing of Phase I consists of three steps: (a) read-
ing control data, (b) transferring selected equipment records from the basic
equipment file to the output file, and (c) transferring selected event records
from the basic events file to the output file.

Step 1 is performed only once per job; steps 2 and 3 are performed once
for each event in the job. In the performing of step 3, event-order numbers
are assigned on the basis of the chronology of the events: the first observed
event is always numbered 1; subsequent events are numbered consecutively 2,
3, ..., up to 9; events of order greater than 9 are ignored. Chronology is de-
termined from the second of the two allowed age measures (see Table Al).

Output. The output file is a magnetic tape containing the selected events
and equipment records in the record formats described under the subsection
“Input” for event file and equipment file, except that the equipment number is
now a 5-character field (the additional character is a 0 and appears in position
7 of the record). The tape format is shown in Fig. A10. The accompanying
tabulation shows the format for nondata records used in the tape.

Record Positions
ViE;Y; 2 1
SAMP; event description 1-54
Stop 1; 2 7-11

Phase 11

Phase II computes rates as a function of equipment age for the events it
receives from Phase I. Phase Il can compute rates for two kinds of events
from the same sets of events data: a job-order rate and a replacement rate.
The two kinds may be different if the component in question exists on the equip-
ment in rumbers >1; in this circumstance a job order may involve the replace-
ment of 0 to n (if there are n components on the vehicle). A rate may also be
computed for two different age measures. Hence, for a set of events data, four
different rates versus age calculations can be made. The size of the unit age

RAC-T-465 47
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SAMP

Equipment

STOP 2
E

Event description

Events

STOP 1
E

Event description

Events

STOP 1

Y te—- The last job is terminated

by Z instead of Y.

Fig. A10—Phase | Output Tape Layout for One Job

interval may be anything >0. Phase II computes only one kind of rate for one
kind of age measure for one unit age interval size per pass oi the input tape;
however, any number of passes of the tape may be made in a single Phase 11
run, and any combination of the three rate-type variables may be changed be-
tween passes.

Input. Phase Il takes two kinds of input: the output of Phase I (described
in the preceding section) and control data.

The control data for Phase II specifies program control words; states the
study number, program name, and date; and defines the maximum number of
age intervals to be considered, the age-interval size, the type of age measure
to be used, the kind of event (job order or quantity), and Fortran format state-
ments for reading the input appropriate to the specified kinds of rate and age
measure. The control data are in punched cards as shown in Table A3.

The tirst pass requires control cards 1 to 11, in sequence. To make
another pass with changed event type only, cards numbered 12, 9, 10, and 11—=in

50 ’ RAC-T-465
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4
¥
? .
§
z TABLE A5
i Control Data for Phase Il
Choracters
B Fortran o Cord Cord
Doto giis Description Codes Cw— [ nintar | colimns
¥ Stops STOP1  STOPI is the word in the equipment num- A 5 1 11-15
ber field indicating the end of the event
STOP2  STOP2 is the word in the equipment num- A 5 1 16-20
ber field indicating the end of the equip-
ment sample or subsample
Study number STUDY  RAC study number A 6 2 11-16
Program name PROG Name of computer program A 36 2 17-52
Maximum age interval YMAX Age interval number containing the great- N 3 2 53-55
F number IMAX est age that will be considered in the N 3 2 56-58
% calculation; events occurring in later
4 age intervals are ignored (usually set at
50 to keep an output matrix on one page)
Date DATE Day, month, and year of calculation A 2 3 11-12
A 2 3 13-14
A 2 3 15-16
Abbreviated generel info GRUN Abbreviated statement of study, program A 24 4 11-34
name, and date (printed at top of output
T pages)
Data type definitions E Definition of control records on the input E events A 1 H) n
v tape that designate whether the data V equipment A 1 S 22
; = Y foliowing are events data or equipment Y new job coming A 1 5 44
& Z data, and whether another job follows Z no more jobs A 1 5 44
the one just ended or there are no more
jobs
b Run control definitions NEWS Words that tell whether another pass of the A 4 6 21-24
¥oo- NEWR input tape is to be made, snd if one is, A 4 6 31-34
whether it will be with a new age seg-
5 ment (“and & new event type” is an
option available here) or just a new
event type
Age segment S Age interval size and name of type of age N 5 7 11-15
- STYP measure A 6 7 16-21
Age format FMTV Fortran format statement for reading age A 30 8 11-40
field containing age in the specified
measure
Event type ETYP Designates event type as “job order® or 1]J0 A 6 9 11-16
“quantity” 2Q N 1 9 19
Event description format FMTEl  Fortran format statement for reading event A 30 10 11-40
description
Event format FMTE2  Fortran format statement for reading A 30 11 11-40
events
Run control NFLD Word telling the program whether to make NEWS new age A 4 12 8-11
another pass and if so what p. gment
to change NEWR new event
type
ENDJ end of run
A, alphameric; N, numeric.
RAC-T-465 51
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that sequence—are placed after card 11 of the preceding pass. To make another

pass with changed event type and/or changed age segments, cards numbered 12,
| 7,8, 9, 10, and 11—in that sequence-are placed after card 11 of the preceding

pass. To end the run, card 12, containing ENDJ, is placed after card 11 of what
| is desired to be the last pass.

Processing. The processing of Phase II occurs in two distinct steps as
shown in Fig. All. In Step 1, events and equipment exposures to event occur-
rences are counted for each age interval of equipment exposure. In Step 2 these
counts arearithinetically manipulated to produce various types of events rates.

| s T "
| |
I |
| |
' I Step | [
, | : Cumulative
I | Rl -'ruad Rﬂ#u
I l | R..-"g"'dkur'n
| 1 | rates
| E v Ry /e rat
& | Events Equipment : ol
ol = | count count I 4 E quipmanit
-] E
§ E R sl e ™ S i e i 7 4 el | Rates
‘.'c £ output
= 15 [ s, i iy 1k T :
:‘O: -E : Rl_f- T EN I i
i 2 |
3 -5: E | Ry e rates T
- l |
« ]
| Re/o=Rsse'T)  Step2 |
| i |
: I Rs /o ond Rg/o
| rates | -
| |
| |
l Ris/o)e=2Ry/o l
I Ria/o)e=2Ra/q I
| |
I R(s/0)c and '
| R(a/o)c rates |
| | SIS J
Fig. A11—Flow Chart Outline of Phase Il
L . : .
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Step 1. Step 1 operates by first reading into core memory the complete
(= 1000 records) equipment sample or sabsample file for the job. It then reads
in the events for which the rate is to be calculated for the sample or subsample.
Having read in all the data for an event, it counts events E;; and equipment ex-
posures Vi,- for each age intervalj and for each failure orderi, in the following
manner: _

(1) An event record (equipment number N,, equipment age when event oc-
curred A,, and event orderl) is noted.

-~ (2) Anequipmentrecord(equipmentnumber N, , equipment age A, when last

observed in sample, and equipment age B, when first seen in sample) is noted.

(@) I N, <N, the item is regarded as having experienced none of the
events in question, and the equipment counts V;; are all augmented by 1 for i =1,
veey 9, and j = h ’ ...12 ,

where
J1 = (B,/s)+ 1 truncated to nearest lower integer,
Jo = (A,/s) truncated to nearest lower integer,
and by
UJy-By/s)orj = J -1,
and by

(A /s—Jallorj = Jo+1;

the process continues at 2 with the next equipment record.

(b) H N, =N, the event count E;; for i =1, j =]3, where J3 = (4,/s) + 1
truncated to nearest lower integer, is augmented by 1 (unless A,> A, in which
case the event it ignored), and the equipment count V; for i =1, =], ..., ]3 is
augmented by 1, and forj = J; - 1 by [J; - (B,/s}], and for j = J3 + 1 by
[(A./s) = I3]; now the next event is read, the event and equipment exposure are
counted as just described if the event occurred on the present item; when it did
not, 2a is executed except that i is limited to i > highest order event observed
for the item.

(c) I N,> N, the event is regarded as having occurred to an item not in
the sample and is ignored; the next event is read, and the process beginning at
2a (not 2) is repeated.

Step 2. Step 2 operates on the counts made in step 1. The Ry, rates are
computed directly from

Rissens = Eij/Vip»
the R/, rates are computed by

Risonij = Kij Ty
which is specified by . .

i1 =

T, =1- 3 R,

in
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and R,/ rates are cdmputed by

Riajoy = = Rsjopiyi

the cumulative rates are simply

R R

(s/o)ije = kEI (s/o0)ik
and

j
Riasoric = 2, Riasop.

Output. The output of Phase II is a magnetic tape from which a six-page
‘listing is printed for each part analyzed according to a given type of event and

a usage interval of a given type and size. The format and a sample of the
printed output are shown in Figs. A2 to AT in the first section of this appendix.

Three notes on interpretation of out put are in order:

(@) Zeros are printed when the rate is 0 and when no equipment exposure
occurred during the interval. The former meaning applies only if there was
equipment exposure during the usage interval.

(b) Event order numbers have their intended meanings only when the
complete history of the event in the sample is known (i.e., only when all events
the sample has experienced since issue are known). This is detectable by ex-
amining the equipment count (V) page and knowing the sample population: if V)
is equal to the sample population for i >2 and if V;; decreases monotonically
with increasing j, the basic data for the sample is regarded as containing a
complete history of the event. If neither or only one of these conditions holds,
the basic data for the sample are regarded as not containing a complete history
of the event. R,/ is a valid rate for events with incomplete histories. Cumu-

lative R,/ is also valid if the age intervals in which the sample is present are
contiguous and begin at age 0. :

(c) The meaning of event order is also obscured in replacement rates for
parts that are present on the equipment in numbers >1, A replacement job or-
der may not involve the replacement of all of them. In this situation the R, ,
rate is valid; as in the case of incomplete equipment histories the cumulative

Rg/, rate is valid only if the age intervals in which the sample is present are
contiguous and begin at age 0.
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Appendix B

REPLACEMENT RATES FOR SELECTED M60 TANK AND
M113 APC REPAIR PARTS

FSNs of Tank Repair Parts Studied

For M60 Tanks in USAREUR, Based on Miles of Operation

Replacement Rates on M60 Tanks in USAREUR
B2, For Road and Idler Wheel Arms
B3. For Batteries
B4, For Eugines
B5. For Generators
B6, For Final Drive Hubs
B7. For Link Assemblies
B8, For Fuel Injector Nozzles
B9, For Fuel Injection Pumps

B10. On Starter Relays

Bl1, For Shock Absorbers

B12, For Track Shoes

B13. For Sprockets

Bl14, For Starters

B15. For Transmissions

B16. For Traverse Gear Boxes

Bi7. For Superchargers

B18, For Road and Idler Wheels

For M60 Tanks in USAREUR, Based on Manths in Service

Replacement Rates on M60 Tanks in USARE UR
B19, For Road and Idler Wheel Arms
B20. For Batteries

B21, For Engines

B22, For Generators

B23, For Final Drive Hubs

B24, For Link Assemblies

B25. For Fuel Injector Nozzles

B26, For Fuel Injection Pumps

B27. For Starter Relays

B28. For Shock Absorbers

B29, For Track Shoes

B30, For Sprockets

B31. For Starters

B32, For Transmissions

B33. For Traverse Gear Boxes

B34, For Superchargers

B35. For Road and Idler Wheels

For M€0 Tanks in 3d Armd Div, Based on Miles of Operation

Replacement Rates on M60 Tanks in 3d Armd Div
B36, For Engines

B37. For Track Shoes

B38. For Sprockets

B39, For Starters

B40. For Road and Idler Wheels
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For M60 Tanks in 1st Bn, 33d Armor, Based on Miles of Operation

341-B45. Replacement Rates on M60 Tanks in 1st Bn, 33d Armor

B47-B62.

B63-B78.

For
B79-B90.

56

B41, For Engines 98
B42. For Track Shoes 100
B43. For Sprockets 102
B44. For Starters 103
B45. For Road and Idler Wheels 105
B46. FSNs of M113 APC Repair Parts Studied 106
For M113 APCs in USAREUR, Based on Miles of Operation
Replacement Rates on M113 APCs in USAREUR
B47. For Batteries 107
B48. For Ignition Coils 108
B49. For Differentials 109
B50. For Distributors 110
B51. For Engines 111
B52, . For Track Pads 112
B53. For Radiators 113
B54. For Road Wheel Hub Seals 114
B55. For Shock Absorbers 115
B56. For Track Shoes 116
B57. For Spark Plugs 117
B58. For Sprockets 118
B59. For Starters 119
B60. For Transmissions 120
B61, For Idler Wheels 121
B62. For Road Wheels 122
For M113 APCs in USAREUR, Based on Months in Service
Replacement Rates for M113 APCs in USAREUR
B63. For Batteries 123
B64. For Ignition Coils 124
B65. For Differentials 124
B66. For Distributors 125
B67. For Engines 126
B68. For Track Pads 127
B69. For Radiators 128
B70. For Road Wheel Hub Seals 129
B71. For Shock Absorbers 130
B72, For Track Shoes 131
B73. For Spark Plugs 132
B74. For Sprockets 133
B75. For Starters 134
B76. For Transmissions 135
B77. For Idler Wheels 136
B78. For Road Wheels 137
M113 APCs in 24th Inf (Mech) Div, Based on Miles of Operation
Replacement Rates for M113 APCs in 24th Inf (Mech) Div
B79. For Batteries 138
B80. For Distributors 140
B81, For Engines 142
B82, For Track Pads 144
B83., For Road Wheel Hub Seals 146
B84. For Shock Absorbers 148
B85. For Track Shoes 150
B86. For Spark Plugs 152
B87, For Sprockets 154
B88, For Starters 156
B8Y, For Idler Wheels 158
B90. For Road Wheels 160
RAC-T-465
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This appendix presents tabular summaries cf the R, , replacement-rate
information processed by the computer routine described in App A.

Tables in the first half of this appendix provide mortality rates for M60
tanks; tables in the latter half deal with M113 APCs. Table B1, the first of a
group (Tables Bl to B45) dealing with M60 tanks, presents the official nomen-
clature of each M60 tank repair part studied and lists all the FSNs that were
included in calculating the number of ‘events that occurred for each repair part.
Table B46 gives similar information for M113 APCs. Replacement-rate data
for M60 tanks are provided in Tables B2 to B46 and for M113 APCs in Tables
B47 to B90. In the titles of these tables the official nomenclatures of the re-
pair parts have been paraphrased in order to make the titles easier to read.

The replacement rates shown in the last two columns of Tables B2 to B45

and B47 to B90 represent both the principal output of the computer routine de-

scribed in App A and the principal input to the Least Squares Statistical Routine
discussed in App C. Although the output from the first routine could be input
directly into the second routine without intermediate printouts, the unsmoothed
mortality data obtained from the Events Rates Program are frequently of con-
siderable interest in reliability and maintainability studies. For this reason-
and in order to illustrate the kinds of analyses conducted during the develop-
ment of the forecasting methodology—replacement-rate information is pre-
sented in considerable detail in this appendix.

Various types of replacement-rate data are provided:

(@) R,/ ratespresented are based on two usage measures, miles of opera-
tion and months of service. For the selected USAREUR M60 tank and M113
APC repair parts analyzed, the tables showing rates based on 100-mile usage
intervals are immediately followed by tables based on 1-month usage intervals.

(b) Each App B mortality table contains two types of R,/ rates, one based
on the quantity of parts replaced and a second based on the number of mainte-
nance actions. Previous sections of this paper have emphasized rates calcu-
lated on the former basis because supply analysts are more concerned with the
number of parts replaced than with the number of times parts are replaced.
The Rq/, rates indicating the frequency of maintenance actions have been in-
cluded because of their importance in vehicle reliability analysis. When only
one repair part of a given type is used on each vehicle per maintenance action,
the two rates are identical.

(c) In order to illustrate the calculation of rates at different organiza-
tional levels, rate tables were included for selected M60 tank repair parts at
division and battalion level and for selected M113 APC repair parts at division
level. To offset the marked decrease in vehicle sample size at the lower or-
ganizational levels it is frequently desirable to increase the length of the usage
interval. For comparative purposes Tables B41 to B45 and B79 to B90 present
R;/, rates computed on the basis of each 100 miles and each 500 miles of operation.
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M60 TANKS

TABLE BI
FSNs of M60 Tank Repair Parts Studied

Official nomenclature of part FSN Official nomenclature of part FSN
Arm assemblies, road and idler 2530-678-3147 | Pump, metering, fuel injection 2910-473-8003
wheel 2530-678-3148 2910-783-7063
2530-678-3149 | Relay, starter, modification kit 2920-297-6732
2530-678-3150 | Shock absorber, direct actinn 2540-690-2756
2530-678-3151 | Shoe assembly, rubber track 2530-337-6969
2530-678-3152 | Sprocket, final drive 2530-318-0229
2530-678-3157 | Starter assembly, engine 2920-678-4679
Battery, storage 6140-057-2554 electrical 2920-710-1752
Engine assembly 2815-679-4963 2920-796-2616
2815-856-4996 | Transmission assembly 2520-333-3522
Generator assembly, engine 2920-607-2623 2520-649-8542
accessory 2920-786-1175 2520-670-5379
2920-830-6660 2520-774-8333
Hub, sprocket, final drive 2530-736-4134 | Traverse gear box assembly 2520-621-9567
Link assembly, track adjusting 2530-602-5738 | Turbosupercharger, engine 2990-678-4677
2530-602-5739 assembly 2990-678-4078
Nozzle, fuel injector 2910-707-8784 | Wheels, road and compensating 2530-678-4133
idler 2530-784-9292
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TABLE B2

Replacement Rates for Road and Idler Wheel Arms on M60 Tanks in USAREUR

Quantity of: R, /o replacement rate for:
) Usoge Vehicles "
interval, Mainte- Ports Maint
R observed Ry arts ain .enonce Parts riplaced
. replaced a~tions
actions
0-100 329.0 0 0 0.000 0.000
101-200 329.0 0 0 0.000 0.000
201-300 331.2 o} o} 0.000 0.000
301-400 341.3 1 ol 0.003 0.003
401-500 370.9 0 0 0.000 0.000
501-600 Lik.o 0 0 0.000 0.000
601-700 465.9 0 o} 0.000 0.000
701 -800 152.5 2 2 0.004 0.004
801-900 546.2 i 1 0.002 0.002
901-1000 567.0 2 2 0.004 0.00k4
1001-1100 579.6 1t 1 0.002 0.002
1101.-1200 593.0 4 4 0.007 0.007
1201-1300 598.4 1 1 0.002 0.002
1301-1400 603.8 2 2 0.003 0.003
1401-1500 607.7 0] G 0.000 0.000
1501-1600 607.0 2 2 0.003 0.003
1601-1700 607.4 1 2 0.002 0.003
1701-1800 602.6 1 1 0.002 0.002
1801-1900 59¢.3 3 3 0.005 0.005
1.901-2000 581.1 5 7l 0.009 0.012
2001-2100 562.6 1 i 0.002 0.002
2101-2200 544 .1 h 5 0,007 0.007)
22012300 513.5 3 3 0.006 0.006
2301-2400 460.9 0 0 0.000 0.000
2401-2500 L409.0 L 4 0.010 0.010
2501-2600 353.1 2 2 0.006 0.006
2601 -2T00 312.4 b N 0.013 0.013
2701-2800 273.7 1 12 0.004 0.0k
2801-2900 240.4 0 0 0.000 0.000
2001 - 3000 215.8 1 1 0.005 0.005
3001-3100 189.1 1 1 0.005 0.005
RAC-T-465
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" TABLE B3

Replacement Rotes for Botteries on M60 Tonks in USAREUR

Quantity of: R, /o replacement rate for:
. Usage Vehicles :
nrTal, b d Matiss Pert Maintenance
miles QDagrvS nonce ' . Parts replaced
. replaced actions
actions
0-100 329.0 0 0 0.000 0.000
101-200 329.0 2 2 0.006 0.006
201-300 331.2 2 2 0.006 - 0.006
301-400 341.3 1 1 0.C0% 0.003
401-500 370.9 3 L 0.008 0.011
501-600 §k.o 2 12 0.005 0.025
601-T00 469.9 1 1 0.002 0.002
701-800 512.5 0 0 0.000 0.000
801-900 546.2 1 1 0.002 0.002
901-1000 567.0 3 in 0.005 0.007
1001-1100 579.6 2 3 0.003 0.005
1101-1200 593.0 1 1 0.002 0.003
1201-1300 598.4 4 10 0.007 0.017
1301-1400 603.8 0 0 0.000 0.000
1401-1500 607.7 2 5 0.003 0.008
1501-1600 607.0 3 4 0.005 0.007
1601-1700 607.4 2 6 0.003 0.010
1701-1800 602.6 2 2 0.003 0.003
1801-1900 596.3 1 it 0.002 0.002
1901-2000 581.1 I 5 0.007 0.009
2001 -2100 562.6 5 12 0.009 0.021
2101-2200 54k, 1 3 8 G.006 0.015
2201-2300 513.5 T 2 0.002 0.00L
2301-2400 L60.9 3 9 0.007 0.020
2401-2500 Lo9.0 1 1 0.002 0.002
2501-2600 353.1 0 0 0.000 0.000
2601-2700 312.4 1 2 0.003 0.006
2701-2800 273.7 3 15 0.011 0.055
2801-2900 240.4 3 3 0.012 0.012
2901-3000 215.8 0 0 0.000 0.000
3001-3100 189.1 1 1 0.005 0.005
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TABLE B4
Replacemeni Rates for Engines on M60 Tanks in USAREUR
Quantity of: R, /. replacement rote for:
.Usege Vehicles :
interval, Mainte- .
s observed - Parts Mami.enonce Parts; reploces
m . replaced actions
actions
0-100 539.0 7 A4 0.003 0.003
101-200 639.0 2 2 0.003 0.003
201-300 638.0 i i 0.006 0.006
301-400 637.0 5 5 0.008 ©.008
401-500 634.6 4 N 0.006 0.006
501-600 634.0 7 7 0.011 0.011
601-T00 632.9 ]! 1 0.002 0.002
701-800 631.0 4 l 0.006 0.006
801-900 630.C 3 3 0.005 0.005
901-1000 630.0 5 5 0.008 0.008
1001-1100 628.8 I h 0.006 0.006
1101-1200 628.0 jl 3l 0.002 0.002
1201-1300 625.9 5 5 0.008 0.008
13G1-1400 621.7 i il 0.011 0.011
1401-1500 61G.2 8 8 0.013 0.013
1501-1600 614.6 L3l 11 0.018 0.018
1601-1700 608.7 17 17 0.028 0.028
1701-1800 602.6 11 11 0.018 0.018
1801-1900 596.3 23 23 0.039 0.039
1901-2000 581.1 12 13 0.022 0.022
2001-2100 562.6 16 16 0.028 0.028
2101-2200 54l .1 16 16 0.029 0.029
N 2201-2300 513.5 10 10 0.019 0.019
2301-2400 L60.9 20 20 0.043 0.043
2401-2500 409.0 13 13 0.032 0.032
2501-2600 353.1 12 12 0.03h4 0.034
2601-2700 312.4 9 9 0.029 ».029
2701-2800 . 273.7 11 11 0.040 0.040
2801-2900 240.4 8 8 0.033 0.033
2901-3000 215.8 5 5 0.023 0.023
3001-3100 189.1 4 h 0.021 0.021
3101-3200 162.4 L in 0.0725 0.025
3201-3300 134.5 3 3 0.022 0.022
3301-3400 109.3 4 L 0.037 0.037
3401-3500 97.6 i L 0.041 0.041
3501-3600 86.5 1 1 0.012 0.012
3601-3700 75.2 2 2 0.027 0.027
3701-3800 61.5 2 2 0.033 0.033
3801-3900 51.3 1 1 0.019 0.019
3901-4000 441 i 1 0.023 0.023
Loo1-4100 37.0 2 2 0.054 0.054
4101-4200 29.0 0 0 0.000 0.000
4201-4300 20.4 1 1 0.0k9 0.04k9
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TABLE BS
Replacement Rates for Generators on M60 Tanks in USAREUR
Quantity of: R,/ replacement rate for:
. Usage Vehicles .
interval, b d Mainire: Parts Maintenance
miles observe nance 5 Parts replaced
. replaced actions
actions
0-1.00 329.0 0 0 2.000 0.0600
101-200 329.0 3 3 0.06¢ C.00%
201-300" 331.2 3 3 1.00¢ 0.00¢
301-400 341.3 1 1 0.003 0.003
401-500 370.9 3 3 0.008 0.008
501-600 Lk .o 2 2 0.005 0.005
501-T700 469.9 3 3 0.006 0.006
701-800 512.5 4 L 0.008 0.008
801-900 sh6.2 2 2 0.004 0.00k
901-1000 567.0 I L €.007 0.007
1001-1100 579.6 3 3 0.005 0.005
1101.-1200 593.0 il 1 0.002 0.002
1201-1_00 598.4 2 2 0.003 0.003
1301-1k400 603.8 3 3 0.005 0.00% 0
1401-1500 607.7 6 6 0.010 0.0i0
1501~-1600 607.0 L b 0.007 0.007
1601-1700 607 .4 5 5 0.008 0.008
1701-1800 602.6 14 1k 0.023 0.023 .
18011900 596.3 6 6 0.010 0.010
1901-2000 581.1 L i 0.007 0.007
2001-2100 562.6 5 5 0.009 0.00¢
2101-2200 544 .1 4 i 0.007 0.007
2201.-2300 513.5 6 6 0.012 0.012
2301-2L00 460.9 T 7 0.015 0.0i5
2401-2500 409.0 5 5 0.012 0.012
2501-2600 353.1 3 3 0.008 0.008
2601-2700 312.4 5 5 0.016 0.016
2701-2800 273.7 2 2 0.007 0.007
2801-2900 2ko . 4 2 2 0.008 0.008
2901-3000 215.8 1 1 0.005 0.005
3001-3100 189.1 3 3 C.0l6 0.01%
3101-3200 162.4 2 2 0.012 0.012
3201-3300 134.5 1 1 0.007 0.007
3301-3400 109.3 1 1 0.009 © 0.009
RAC-T-465
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TABLE B6
Replacement Rates for Final Drive Hubs on M60 Tanks in USAREUR
Quantity of: /o replacement rate for:
. Usgage Vehicles :
interval, Mainte- .
ek observed o Parts Maintenance Patts reploced
il Fetlorts replaced actions P
0-100 329.0 o} 0 0.000 0.000
101-200 329.0 0 0 0.000 0.000
201-300 331.2 0 0 0.000 0.000
301-400 341.3 0 0 0.000 0.000
401500 370.9 0 0 0.000 0.000
501-600 Lig.o 1 2 0.002 0.005
601-T00 469.9 0 0 0.000 0.000
T01-800 512.5 1 1 0.002 0.002
801-900 546.2 0 0 0.000 0.000
901-1000 567.0 1 2 0.002 0.00k4
1001-1100 579.6 0 0 0.000 0.000
1101-1200 593.0 0 0 0.000 0.000
1201-1300 598.4 0 0 0.000 0.000
1301-1400 603.8 o} 0 0.000 0.000
1401-1500 607.7 i 1 0.002 0.002
1501-1600 607.0 0 0 0.000 0.000
1601-1700 607 .4 2 2 G.003 0.003
1701-1800 602.6 5 5 C.008 0.008
1801-1900 596.3 L 9 0.007 0.015
1901-2000 581.1 5 8 0.009 0,01k
2001-2100 562.6 L 8 C.007 0.014
2101-2200 54k .1 L T 0.007 0.013
2201-2200 513.5 10 14 0.019 0.027
2301-2400 L60,9 1 19 0.024 0.0%1
2401-2500 409.0 6 11 0.015 0.027
2501 -2600 353.1 2 i 0.006 0.011
2601~-2700 312.4 in 6 0.013 0.019
2701-2800 273.7 8 1k 0.029 0.051
2801-2900 2404 6 8 0.025 0.033
2901 -3000 215.8 3 3 0.014 0.01k4
3001-3100 189.1 3 3 0.016 0.016
3101-3200 162.4 1 2 0.006 0.012
3201-3300 134.5 2l 1 0.007 0.007
RAC-T-465
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TABLE B7

Replacement Rates for Link Assemblies on M60 Tanks in USAREUR

FOR OFFICIAL USE ONLY

Quantity of: R,/ replacement rate for:
Usage Vehicles .
interval, Mginte- .
Hiles observed nonce Ports Mcnm.ononcc Parts replaced
. repiaced actions
actions
0-100 329.0 1 1 0.003 0.003
101-200 329.0 0 0 0,000 0.000
201-300 331.2 0 o} 0.000 0.000
301-400 341.3 0 0 0.000 0.000
401-500 370.9 o} 0 0.000 0.000
501-600 k14 .0 4 L 0.010 0.010
£01-T00 469.9 3 3 0.006 n.006
701-800 512.5 0 o} 0.000 0.000
801-900 546.2 0 o} 0.000 0.000
901-1000 567.0 1 1 0.002 0.002
1001-1100 579.6 1 1 0.002 0.002
1101-1200 593.0 0 0 0.000 0.000
1201-1300 598.4 0 0 0.000 0.000
1301-1400 603.8 2 2 0.003 0.003
1401-1500 607.7 1 1 0.002 0.002
1501-1600 607.0 1 1 0.002 0.002
1601~1700 607.4 1 1 0.002 0.002
1701-1800 602.6 2 2 0.003 0.003
1801-1900 596.3 2 2 0.003 0.003
1901 -2000 581.1 4 5 0.007 0.009
2001-2100 562.6 3 3 0.005 0.005
2101 -2200 shl .1 3 3 0.006 0.006
2201-2300 513.5 3 i 0.006 0.008
2301-2400 L460.9 n 5 0.009 0.011
0101 -2500 409.0 3 3 0.007 0.007
2501 -2600 353.1 2 3 ©.006 0.008
2601~-2700 312.4 2 3 0.006 0.010
2701 -2800 273.7 1 1 0.004 0.004
5801 -2900 240.4 0 o} 0.000 0.000
901 -3000 215.8 2 2 0.009 0.009
3001-3100 189.1 1 1 0.005 0.005
3101-3200 162.4 1 1 0.006 0.006
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TABLE B8

Replacement Rates for Fuel Injector Nozzles on M60 Tanks in USAREUR

Quantity of: R,/ replacement rate for:
) Usoge Vehicles Moi
mte.rval, observed C e Parts Maintenance
miles nonce riploced —— Parts replaced
actions
0-100 329.0 3 5 0.009 0.015
101-200 329.0 5 5 0.015 0.015
201-300 331.2 2 2 0.006 0.006
301-400 341.3 1 1 0.003 ©.003
401-500 370.9 1 1 0.003 0.003
501-600 bik.0 L 10 0.010 0.024
601-700 469.9 3 3 0.006 0.006
701-800 512.5 3 N ©.006 0.008
801.-900 5hé.2 1 2 0.002 0.004
901-1000 567.0 1 1 0.002 0.002
1001-1100 579.6 2 2 0.003 0.003
1101-1200 593.0 3 5 0.005 0.008
. 1201-1300 598.4 3 3 0.005 0.005
1301-1400 €03.8 5 10 0.008 0.017
1401-1500 607.7 3 9 0.005 0,015
1501-1600 607.0 5 8 0.008 0.013
1601-1700 607.4 6 15 0.010 0.025
1701-180C 602.6 9 19 0.015 0.032
1.801-1900 596.3 5 21 0.008 0.035
1901-2000 581.1 Y 15 0.007 0.026
2001-2100 562.6 5 23 0.009 0.011
2101-2200 54l .1 8 33 0.015 0.06L
2201.-2300 513.5 L 19 0.008 0.037
2301-2400 "460.9 L 18 0.009 0.039
2401-2500 Log.0 2 13 0.005 0.032
2501-2600 353.1 3 5 0.008 0.014
2601-2700 312.4 3 17 0.010 0.054
2701-2800 273.7 2 13 0.007 0.047
RAC-T-465
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TABLE B9

Replacement Rates for Fuel Injection Pumps on M60 Tanks in USAREUR

Quantity of: R,/ replacement rate for:
. Usoge Vehicles .
interval, Mainte- .
miles observed —E Parts Maintenance Parts replaced
' replaced actions
actions R
0-100 329.0 0 0 0.000 0.000
101-200 329.0 1 1 0.003 0.003
201-300 331.2 0 o} 0.000 0.000
301-400 341.3 o} 0 0.000 0.000
Lo1-500 370.9 1 1 ©.003 0.003
501-600 Lik.0 2 2 0.005 0.005
601-T00 469.9 2 2 0.00k4 0.004
701-800 512.5 0 0 0.000 0.000
801-900 546.2 3 3 0.005 0.005
901-1000 56T.0 2 2 0,004 0.004
1001-1100 579.6 2 2 0.003 0.003
1101-1200 593.0 1 1 0.002 0.002
1201-1300 598.4 3 3 0.005 0.005
1301-1400 603.8 L L 0.007 0.007
1401-1500 60T.7 L N 0.007 0.007
1501-1600 607.0 11 11 0.018 0.018
1601-1700 607 . 4 10 10 0.016 0.016
1701-1800 602.6 T T 0.012 0.012
1801-1900 596.3 5 5 0.008 0.008
1901-2000 581.1 N L. 0.007 0.007
2001-2100 562.6 3 3 0.005 0.005
2101-2200 5441 13 13 0.024 0.024
2201-2300 513.5 3 3 0.006 0.006
2301-2400 L60.9 3 3 0.007 . 0.007
2401-2500 Log.0 2 2 0.005 0.005
2501-2600 353.1 3 3 0.008 0.008
2601-2700 312.4 2 2 0.006 0.006
2701-2800 273.7 0 0 0.000 0.000
2801-2900 2Lc.4 1 1 0.004 0.004
2901-3000 215.8 6 6 0.028 0.028
3001-3100 189.1 2 2 0.011 0.011
3101-3200 162.4 0 0 0.000 0.000
3201-3300 134.5 1 1 0.007 0.007
3301-3400 109.3 3 3 0.027 0.027
3401-3500 97.6 2 2 0.020 0.020
3501-3600 86.5 0 o] 0.000 0.000
3601-3700 75.2 2 2 0.027 0.027
3701-3800 61.5 1 1 0.016 0.016
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TABLE B10
Rggloc_ement Rates on Starter Relays on M60 Tanks in USAREUR

Quantity of: R/, replacement rate for:
.U“” Vehicles .
interval, Mainte- 4
! observed Parts Maintenan~e
.miles nance : Parts replaced
: replaced actions
actions
0-100 329.0 5 5 0.015 0.015
101-200 329.0 13 13 0.0%0 0.040
201-300 331.2 4 L 0.012 0.012
301-400 341.3 11 11 0.032 0.032
L01-500 370.9 6 6 0.016 0.016
501-600 hik.0 22 22 0.053 0.053
601-700 469.9 1 1 0.002 0,002
7Q1-800 512.5 6 6 0.012 0.012
801-900 shé.2 0 0 0.000 0.000
901-1000 567.0 0 0 0.000 0.000
1001-11C0O 579.6 2 2 0.003 0.003
1101-1200 593.0 6 6 0.010 0.010
1201-1300 598.L4 4 I 0.007 0.007
1301-1400 603.8 9 9 0.015 0.015
1 401-1500 607.7 12 12 0.020 0.020
1501-1600 607.0 11 11 0.018 0.018
1601-1T700 607.4 12 12 0.020 0.020
1701-2800 602.6 L I 0.007 0.007
1801-1900 596.3 6 6 0.010 0.010
1901-2000 581.1 8 8 0.01k 0.01h
2001-2100 562.6 7 T 0.012 0.012
2101-2200 Shli,1 13 13 0.024 0.024
2201-2300 512.5 3 3 0.006 0.006
2301-2400 L60.9 5 5 0.011 0.011
2401-2500 409.0 2 2 0.005 0.005
2501-2600 353.1 1 1 2.003 0.003
2601-2700 312.4 0 0 0.000 0.000
2701-2800 273.7 0 o} 0.000 0.000
2801-2900 240 h 1 1 0.004 0.004
2901-3000 215.8 2 2 0.0C9 0.009
3001-3100 189.1 1 . 0.005 0.005
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TABLE 311 :
Replacement Rates for Shock Absorbers on M60 Tanks in USAREUR
Quantity of: R, ,, replacement rate for:
i::::?:" Vb'hid‘; Dt Port Maintenance
miles oBagTve nonce ropluc:d acfions Parts replaced
octions

0-100 329.0 0 0 0.000 0.000
101-200 329.0 0 0 0.000 0.000
201-300 331.2 0 0 0.000 0.000
301-400 341.3 0 0 0.000 0.000
Lo1-500 370.9 0 0 0.000 0.000
501-600 hik.o 0 0 0.000 0.000
601-T00 469.9 0 0 0.000 0.000
701-800 512.5 0 0 0.000 0.000
801-900 546.2 0 0 0.000 0.000
901-1000 567.0 1 1 0.002 0.002
[1001-1100 579.6 1 1 0.002 0.002
[1101-1200 593.0 1 1 0.002 0.002
1201~1300 598.4 0 0 0.000 0.000
[1301-1400 603.8 1 2 0.002 0.003
1401-1500 60T.7T 0 0 0.000 0.000
5501-1600 607.0 2 1 0.002 0.002
1601-1T700 607.4 1 1 0.002 0.002
[1701-1800 602.6 0 0 0.000 0.000
1.801-1900 596.3 2 L 0.003 0.007
1901 -2000 581.1 2 2 0.003 0.003
P001-2100 562.6 1 1 0.002 0.002
5101-2200 544 .1 L 8 0.007 0.015
2201 -2300 513.5 2 5 0.00k4 0.010
2301 -2400 460.9 L 8 0.009 0.017
2401-2500 4og.0 2 4 0.005 0.010
2501 -2600 353.1 7 17 0.020 0.048
2601-2700 312.4 1 9 0.003 0.029
2701-2800 273.7 5 8 0.018 0.029
2801-2900 240.4 I 14 0,017 0.058
2901 -3000 215.8 5 10 0.023 0.046
3001-3100 189.1 N T 0.021 0.037
3101-3200 162.4 0 0 0.000 0.000
3201-3300 13k.5 1 1 0.007 0.007
3301-3400 109.3 1 1 0.009 0.009
3401-3500 97.6 o] 0 0.000 0.000
3501-3600 86.5 1 1 0.012 0.012
3601-3700 75.2 2 6 0.027 0,080
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TABLE B12
Replacement Rates for Track Shoes on M60 Tanks in USAREUR
Quantity of: R,/, replacement rate for:
.Usoge Vehicles .
interval, Mainte- .
miles observed e Ports Maintenance Parts replaced
gk replaced actions
0-100 329.0 0 QR 0.000 0.000
101-200 329.0 0 o 0.000 0.000
201-300 331.2 3 5 0.009 0.015
301-400 341.3 2 ] 0.006 0.1h4k4
401-500 370.9 3 36 0.008 0.097
501 %00 bik.o 6 61 0.014 0.1h4k7
601-T700 k69.9 5 60 0.011 0.128
701~-800 512.5 3 175 0.006 0.341
801-900 546.2 1 162 0.002 0.297
901-1000 567.0 3 323 0.005 0.570
F 001-1100 579.6 5 468 0.009 0.807
[ 101-1200 593.0 in 167 0.007 0.282
[ 201-1300 598.4 5 21 0.008 0.035
.301-1400 603.8 S 333 0.008 0.552
[ 401-1500 607.7 | 10 1215 0.016 1.999
2501-1600 607.0 9 669 0.015 1.102
r601-1700 607. 4 8 660 0.013 1.087
1701-1800 602.6 19 2436 0.032 iy, 0k2
1801-1900 596.3 23 2829 0.039 4 7l
1501-2000 581.1 45 5439 0.077 9.360
2001-2100 562.t 52 7388 0.092 13.132
£101-2200 5441 66 8972 0.121 16.k90
2201-2300 513.5 50 9076 0.117 17.675
2301 -2L00 L60.9 57 8378 0.12k 18.177
24,01-2500 409.0 52 7782 0.127 19.027
2501-2600 353.1 35 5L16 0.099 15.338
2601-2700 312.h4 24 3483 0.077 11.149
2701-2800 273.7 21 3185 0.077 11.637
2801-2900 240.4 23 3413 0.096 14.167
2001 -3000 215.8 247 2501 0.979 11.589
3001-3100 189.1 16 2187 0.085 11.565
3101-3200 162.4 8 1294 0.049 7.968
3201-3300 134.5 6 752 0.045 5.591
3301-3400 109.3 7 972 0.064 8.893
3401-3500 97.6 L 239 0.0b1 2.449
3501~3600 86.5 5 658 0,058 7.607
3601-3700 75.2 3 L 82 0.040 6.410
3701-3800 61.5 3 480 0.049 7.805
3801-3900 51.3 9 975 0.175 19.006
3901 -4000 k1 3 L82 0.068 10.930
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TABLE B13
Replacement Rates for Sprockets on M60 Tanks in USAREUR
Quantity of: R, /o replacement rate for:
.U"’” Vehicies Mai
mto'rval, observed ainte: Parts Maintenance
miles nance replaced i, Ports replaced
actions
0-100 329.0 0 0 0.000 0.000
101-200 329.0 0 0 0.000 0.000
201-300 331.2 1 1 0.003 0.003
301-400 341.3 0 0 0.000 0.000
L01-500 370.9 0 0 0.000 0.000
501-600 k4.0 1 b)) 0.002 0.002
601-T00 469.9 0 0 0.000 0.000
701-800 512.5 0 0 0.000 0.000
801-900 546.2 0 0 0.000 0.000
901-1000 567.0 3 10 0.005 0.018
1001-1100 579.6 0 0 0.000 0.000
1101-1200 593.0 1 N 0.002 0.007
1201-1300 568.4 1 4 0.002 0.007
1301-1400 603.8 i 12 0.007 0.020
1401-1500 607.7 9 32 0.015 0.053
1501-1690 607.0 10 26 . 0.016 0.043
1601-1T700 607.4 8 25 0.013 0.0kl
1701-1800 602.6 13 Lo 0.022 0.066
1801-1900 596.3 9 26 0.015 0.044
1901-2000 581.1 21 T 0.036 0.122
2001-2100 562.6 22 79 0.039 0.140
2101-2200 shh .1 15 A8 0.035 0.125
2201-2300 513.5 19 76 0.037 0.148
2301-2400 460.9 28 106 0.061 0.230
2401-2500 409.0 23 - 7] 0.056 0.225
2501-2600 353.1 16 59 0.045 0.167
2601-2700 312.4 14 53 0.045 0.170
2701-2800 273.7 22 88 0.080 0.322
2801-2900 240.4 19 70 0.079 0.251
2901-3000 215.8 15 kg 0.070 0.227
3001-3100 189.1 3 12 0.016 0.635
3101-3200 162.4 6 22 0.037 0.135
3201-3300 134.5 3 8 0.022 0.059
3301-3400 109.3 1 2 0.009 0.018
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TABLE B14
Replacement Rates for Starters on M60 Tanks in USAREUR
Quartity of: R, /o replacement rate for:
Use o Vehicl
a ehicles 0
interval, b d Maints- Ports Maintenance
miles opserve nance % Parts replaced
] replaced actions
actions
0-100 329.0 9 9 0.027 0.027
101-200 329.0 8 8 0.024 0.024
201-300 331.2 9 9 0.027 0.0287
301-400 341.3 10 10 0.029 0.029
401-500 370.9 11 11 0.030 0.030
501-600 414 .0 T 7 0.017 0.017
601-T00 465.9 8 8 0.017 0.017
701-820 512.5 10 10 0.020 0.020
801-%00 sk6.2 11 11 0.020 0.020
901-1000 567.0 13 13 0.023 0.023
1001-1100 579.6 12 12 0.021 0.021
1101-1200 593.0 11 11 0.019 0.019
1201-1300 598.4 9 9 0.015 0.015
1301-1400 603.8 10 10 0.017 0.017
1401-1500 607.7 18 18 0.030 0.030
1501-1600 607.0 24 24 0.040 0.0k0
1601-1700 607.4 15 15 0.025 0.025
1701-1800 602.6 19 19 0.032 0.032
18011900 596.3 20 20 0.034 0.034
1901-2000 581.1 9 9 0.015 0.015
2001-2100 562.6 15 15 0.027 0.027
2101-2200 5hh .1 11 11 0.020 0.020
2201-2300 513.5 8 8 0.016 0.016
2301-2500 460.9 10 10 0.022 0.022
2401-2500 Log.0 12 12 0.029 0.029
2501-2600 353.1 2 2 0.006 0.006
2601-2700 212.4 6 6 0.019 0.019
2701-2800 273.7 5 5 0.018 0.018
2801-2900 240.4 6 6 0.025 0.025
2901-3000 215.8 i I 0.019 0.019
3001-3100 189.1 3 3 0.016 0 716
3101-3200 162.4 4 i 0.025 0.025
3201-3300 134.5 0 0 0.000 0.000
3301-3400 109.3 1 1 0,009 0.009
3401-3500 97.6 1 1 0.010 0.010
3501-3600 86.5 3 3 0.035 0.035
3601-3700 75.2 1 ! 0.013 0.013
3701-3800 61.5 o] 0 0.000 0.000
3801-3900 51.3 1 h) 0.019 0.019
RAC-T-465
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TABLE B15

Replacement Rates for Transmissions on M60 Tanks in USAREUR

FOR OFFICIAL USE ONLY

Quantity of: R,/ repiacement rate for:
Usoge .
interval, Vehicles Mainte- 2
A observed Ports Maintenance
miles nance sasioced - Parts replaced
Vi place actions
0-100 639.0 2 2 0.003 0.003
101-200 639.0 2 2 0.003 0.003
201-300 638.0 3 3 0.005 6.005
301-4%00 637.0 0 o] 0.000 0.000
401-500 634.6 1 1 0.002 0.002
501-600 634.0 I 4 0.006 0.006
601-T00 632., 1 1 0.002 0.002
701-800 631.0 2 2 0.003 0.003
801-900 630.0 4 L 0.006 0.006
901-1000 630.0 3 3 0.005 0.005
1001-1100 628.8 3 3 0.005 0.005
1101-1200 628.0 1 1 0.002 0.002
1201-1300 625.9 0 o} 0.000 0.000
1301-1400 621.7 2 2 0.003 0.003
1401-1500 619.2 5 5 0.008 0.008
11501-1600 614 .6 3 3 0.005 0.005
1601-1T00 608.7 3 3 0.005 0.005
1701-1800 4 602.6 2 2 0.003 0.003
1801-1900 596.3 2 2 0.003 0.003
1901-2000 581.1 5 5 0.009 0.009
2001-2100 562 .6 I 4 0.007 0.007
2101-2200 skl .1 2 2 0.004 0.004
2201-2300 513.5 7 7 0.014 0.014
2301-2400 460.9 3 3 0.007 0.007
2401 -2500 409.0 N b 0.010 0.010
-|2501-2600 353.1 3 3 0.008 0.008
2601-2700 312.4 6 6 0.019 0.019
2701-2800 273.7 3 3 0.011 0.011
2801-2900 240.4 N 4 0.017 0.017
2901 -3000 215.8 1 1 0.005 0.005
3001-3100 189.1 L I 0.021 0.021
RAC-T-465




FOR OFFICIAL USE ONLY

TABLE B16
Replacement Rates for Traverse Geor Boxes on M60 Tanks in USAREUR
Quantity of: R,/ replocement rate for:
: Usage Vehicles .
interval, b d Mainte- Part Waing
miles observe nance il ginjenance Parts replaced
- replaced actions
actions
0-100 329.0 2 2 0.006 0.006
101-200 329.0 2 2 0.006 0.006
201-300 331.2 3 3 {.009 0.009
301-400 341.3 o] 0 < )00 0.000
401-500 370.9 1 1 v.003 0.003
501 -600 bi1k.0 2 2 0.005 0.005
601-T00 462.9 0 0 0.000 0.000
T01-800 512.5 2 2 0.004 0.004
807-900 5k6.2 2 2 0.004 0.00k4
90.-1000 567 .0 2 2 0.004 0.00k
1001-1100 579.6 3 3 0.005 0.005
1101-1200 593.0 1 1 0.002 2.002
1.201-1300 598.4 0 0 0.000 0.000
1301-1400 603.8 2 2 0.0903 0.003
- +01-1500 607.7 5 5 0.008 0.008
1501-1600 607.0 i I 0.007 0.007
1601-1700 60T .4 3 3 0.005 0.005
1701-1800 602.6 2 2 0.003 0.003
1801-1900 596.3 2 2 0.003 0.003
|1901-2000 581.1 4 4 0.007 0.007
2001-2100 562.6 4 4 0.007 0.007
2101-2200 sl .1 2 2 0.00k 0.004
2201-2300 513.5 2 2 0.004 0.00h4
2301-2400 L60.9 3 3 0.007 0.007
2401-2500 409.0 4 n 0.010 0.010
2501-2600 353.1 3 3 0.008 0.008
2601-2700 312.h 5 5 0.016 0.016
2701-2800 273.7 2 2 0.007 0.007
2801-2900 240.4 3 3 0.012 0.012
2901-3000 215.8 1 1 0.005 0.005
3001-3100 189.1 3 3 0.016 0.016
RAC-T-465
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TABLE B17
Replacement Rates for Superchargers on M60 Tanks in USAREUR
Quantity of: R,/ replacement rate for:
Unge. Vehicles :
MR, observed MmN Parts Maintenance p laced
miles nance ruplaced s arts replace
actions
0-100 329.0 0 0 0.000 0.000
101-200 329.0 0 0 0.000 0.000
201-300 331.2 3 3 0.009 0.009
301-400 341.3 o} 0 0.000 0.000
401 -500 370.9 0 0 0.000 0.000
501-600 kik.0 o} 0 0.000 0.000
\ 601-T700 469.9 1 1 0.002 0.002
701-800 512.5 0 0 0.000 0.000
801-900 546.2 1 1 0.002 0.002
901-1000 56T.0 1 1 0.002 0.002
1001-1100 579.6 1 1 0.002 0.002
1101-1200 593.0 1 1 0.002 0.002 -
1201-1300 598.4 0 0 0.000 0.000
1301-1400 603.8 0 0 0.000 0.000
1401-1500 607.7 3 3 0.005 0.005
1501-1600 607.0 1 1 0.002 0.002
1601-1700 60T7.4 1 1 0.002 0.002 ’
1701-1800 602.6 i 1 0.002 0.002
1801-1900 596.3 0 0 0.000 0.000
1901-2000 581.1 1 1 0.002 0.002
2001-2100 562.6 0 o} 0.000 0.000
2101-2200 shly .1 1 1 0.002 0.002 ”
2201-2300 513.5 0 0 0.000 0.000 ‘
2301-2400 460.9 2 2 0.004 0.00bL
2401-2500 Lo9.0 0 0 0.000 0.000
2501-2600 353.1 0 0 0.000 0.000
2601-2700 312.4 2 2 0.006 0.006
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TABLE B18

Replacement Rates for Road ond Idler Wheels on M60 Tanks in USAREUR

Quantity of: R, /o replocement rate for:
.U”” Vehicles .
interval, Mainte- .
miles cbserved i Parts Maintenance Parts replaced
o replaced actions
0-100 329.0 0 0 0.000 0.000
101-200 329.0 0 0 0.000 0.000
201-300 331-2 0 0 0.000 0.000
301-400 341.,3 0 o} 0.000 0.000
401-500 370.9 L 6 0.011 0.016
501-600 kik .0 0 0 0.000 0.000
601-700 L69.9 4 k 0.009 0.00%
701-800 512.5 3 5 0.006 0.010
801-900 546.2 I 6 0.007 0.011
901-1000 567 .0 2 14 0.004 0.025
1001-1100 579.6 3 € 0.005 0.010
1101-1200 593.0 I 9 0.007 0.015
1201-1300 598.4 h 17 0.007 0.028
1301-1400 603.8 8 22 0.013 0.036
1401-1500 607.7 6 9 0.010 0.015
1501-1600 607.0 5 8 0.008 0.013
1601-1T700 607.4 Y 14 0.007 0.023
1701-1800 602.6 8 15 0.013 0.025
1801-1900 596.3 14 38 0.023 0.064
1901-2000 581.1 17 L 0.029 0.076
2001-2100 562.6 20 52 0.036 9.092
2101-2200 skl .1 12 36 0.022 0.066
2201-2300 513.5 16 42 0.031 0.082
2301-2400 L460.9 12 35 0.026 0.076
2401-2500 409.0 17 52 0.0k2 0.127
2501-2600 353.1 T 20 0.020 0.057
2601-2700 312.4 16 61 0.051 0.195
2701-2800 273.7 16 70 0.056 0.256
2801-2900 240.4 16 L4s 0.067 0.187
2901-3000 215.8 13 51 0.060 0.236
3001-3100 189.1 12 43 0.063 0.227
3101-3200 162.4 4 6 0.025 0.037
3201-3300 134.5 I 16 0.030 0.119
3301-3400 109.3 Y 8 0.037 0.073
3401-3500 97.6 1 1 0.010 0.010
3501-3600 86.5 3 9 0.035 0.104
3601-3700 75.2 4 15 0.053 0.199
3701-3800 61.5 L 6 0.065 0.098
3801-3900 51.3 3 4 0.058 0.078
3901-4000 kL1 3 5 0.068 0.136
Loo1-4100 37.0 3 12 0.081 0.32h
) 4101-4200 29.0 0 - 0 0.000 0.000
L201-4300 20.4 2 3 0.098 0.147
4301-4koo 15.4 L 10 0.260, 0.649
4401-4500 10.6 2 2 0.189 0.189
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§
IN USAREUR, BASED ON MONTHS IN SERVICE
TABLE BI19
Replacement Rates for Road and Idler Whee! Arms on M60 Tanks in USAREUR
Quantity of: R, /. replocement rate for:
if:::\/g:l, Vbchiclo; Mainte- P Moi
months observe nence arts UIM.OHMCQ Pcms pr'OCCd
A replaced actions
actiong
0-1 330.5 0 ) 0.000 0.000
) 1-2 335.1 0 0 0.000 0.000
- 2-3 435.2 0 0 0.000 0.000
< 3-4 529.6 3 3 0.006 0.006
4-s 539.2 1 1 0.002 0.002
5-6 545.2 2 2 0.004 0.004
6-7 562.7 1 1 0.002 0.002
7-8 598.7 2 3 0.003 0.005
8-9 618.2 0 .0 0.000 0.000
9-10 616.6 h L 0.006 0.006
10-11 616.2 1 1 0.002 0.002
11-12 614.5 in L G.00T 0.007
12-13 613.0 3 3 0.005 0.005
13-14 612.1 2 2 0.003 0.003
14-15 605.1 3 4 0.005 0.007
15-16 583.2 3 3 0.005 0.005
16-17 569.6 1 1 0.002 0.002
17-18 548.9 7 18 0.013 0.033
18-19 534.8 9 11 0.017 0.021
19-20 533.7 3 3 0.006 0.006
20-21 498.1 3 3 0.006 0.006
21-22 326.8 L I 0.012 0.012
22-23 249.6 L 4 0.016 0.016
23-24 151.7 1 5 0.007 0.033
aL-25 50.3 3 3 0.060 0.060
g
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TABLE B20

Replocement Rates for Batteries on M60 Tanks in USAREUR

Quantity of: R, /o replacement rate for:
Usage Vehicles
intervel, observed il Parts Maintenance
months nonce , Parts replaced
" replaced actions
actions
0-1 330.5 2 2 0.006 0.006
1-2 335.1 4 10 0.012 0.030
2-3 435.2 2 2 0.005 0.005
3-4 529.6 3 8 0.006 0.015
4.5 539.2 0 0 0.000 0.000
5-6 545.2 3 8 0.006 0.015
6-7 562.7 2 2 0.004 0.004
7-8 598.7 2 3 0.003 0.0C5
8-9 618.2 2 3 0.003 0.005
9-10 616.6 2 3 0.003 0.005
10-11 616.2 I 8 0.006 0.013
11-12 61k4.5 3 5 0.005 0.008
12-13 613.0 3 3 0.005 0.005
13-14 612.1 3 8 0.005 0.013
14-15 605.1 3 12 0.005 0.020
15-16 583.2 3 8 0.005 0.014
16-17 569.6 1 2 0.002 0.00k
17-18 548.9 3 3 0.005 0.005
18-19 534.8 2 8 0.004 0.015
19-20 533.7 i 15 0.007 0.028
20-21 498.1 T 15 0.014 0.030
21-22 326.8 3 3 0.009 0.009
22-23 249.6 5 20 0.020 0.080
23-24 151.7 1 6 0.007 0.040
24-25 50.3 0 0 0.000 0.000
25-26 38.0 2 10 0.053 0.263
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TABLE B21
Replacement Rates for Engines on M60 Tanks in USAREUR
Quantity of: R, /o replacement rate for:
Usage Vehicles [~
interval, observed - Ports Maintenonce
months s replaced actions Parts replaced
actions
0-1 639.0 N L 0.006 0.006
1-2 636.9 8 8 0.013 0.013
2-3 635.0 8 8 0.013 0.013
3-4 633.9 3 3 0.005 0.005
4-s 633.0 T 7 0.011 0.011
5-6 629.9 T T 0.011 0.011
6-7 629.0 3 3 0.005 0.005
7-8 628.4 3 3 0.005 0.005
8-9 625.0 3 3 0.005 0.005
9-10 622.0 6 (S 0.010 0.010
10-11 621.0 8 8 0.013 0.013
11-12 518.0 23 23 0.037 0.037
12-13 615.0 14 14 0.023 0.023
13-14 613.4 24 24 0.039 0.039
14-15 603.2 31 31 0.051 0.051
15-16 582,2 22 22 0.038 0.038
16-17 569.6 19 19 0.033 0.033
17-18 548.9 27 27 0.049 0.049
18-19 534.8 19 19 0.036 0.036
19-20 533.7 10 10 0.019 0.019
20-21 4o8.1 15 15 0.030 0.030
21-22 326.8 8 8 0.024 0.024
22-23 249.6 5 5 0.020 0.020
23-24 151.7 7 7 0.046 0.046
24-25 50.3 o] 0 0.000 0.000
25-26 38.0 2 2 0.053 0.C53
26-27 17.9 1 1 0.056 0.056
§
¥
f.'.
¥
&
i
8 RAC-T-465




e i o

s T

B Gy VTR

A TR R

FOR OFFICIAL USE ONLY

TABLE B22

Replacement Rates for Generators on M60 Tanks in USAREUR

Quantity of: R,/ replocement rate for:

; Usage Vehicles [

interval, Mainte- 4

months cbserved nonce Parts Momt?ncnce Parts replaced

) replaced actions
octions

0-1 330.5 2 2 0.00€ 0.006

1-2 335.1 5 5 0.015 0.015

2-3 435.2 5 5 0.011 0.011

3-4 529.6 1 1 0.002 0.002

4.5 539.2 5 5 0.009 0.009

5-6 545.2 2 2 0.004 0.00k

6-T 562.7 6 6 0.011 0.011

7-8 598.7 5 5 0.008 0.008

8-9 618.2 2 2 0.003 0.003

3-10 616 .6 5 5 0.008 0.008
10-11 616.2 5 5 0.008 0.008
11-12 614.5 7 i 0.011 0.011
12-13 613.C L i 0.007 0.007
13-14 612.1 9 9 0.015 0.015
14-15 605.1 15 1c 0.025 0.025
15-16 583.2 € 6 0.010 0.010
16-17 569.6 9 a 0.016 0.016
17-18 548.9 6 6 0.011 0.011
18-19 534.8 10 1¢ 0.019 0.01%
19-20 533.7 6 6 0.011 0.011
20-21 L4eB8.1 3 3 0.0¢( 0.006
21-22 326.8 2 < 0.006 0.006
22-23 - 249.6 1 1 0.00k 0.004
23-24 151.7 1 1 0.007 0.007
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TABLE B23

Replacement Rates for Final Drive Hubs on M60 Tanks in USAREUR

Quantity of: R, /o replacement rate for:
.Usoge Vehicles .
interval, b d Mainte- P Moi
hs observe AERCe orts ainfenonce Parts reploced
mgnt K replaced actions P
actions

0-1 330.5 0 0 0.000 0.000
1-2 335.1 0 0 0.000 0.000
2-3 435.2 0 0 0.000 0.000
3-4 529.6 0 0 0.000 0.000
L5 539.2 0 0 0.000 0.000
5-6 545.2 0 0 0.000 0.000
6-7 562.7 1 1 0.002 0.002
7-8 598.7 0 0 0.000 0.000
8-9 610.2 o] 0 0.000 0.000
¢-10 616.6 0 0 0.000 0.000
10-11 616.2 3 3 0.005 0.005
11-12 614.5 5 T 0.008 0.011
12-13 613.0 3 i 0.005 0.011
13-14 612.1 3 3 0.005 0.005
14-15 €05.1. 2 2 0.003 0.003
15-16 583.2 5 8 0.009 0.01%
16-17 569.6 7 10 0.012 0.018
17-18 548.9 1 2 0.002 0.00k
18-19 534.8 5 5 0.009 0.009
19-20 533.7 20 31 0.037 0.058
20-21 498.1. 17 32 0.034 0.06k
21-22 326.8 9 14 0.028 .0.043
: 22-23 249.6 2 3 0.008 0.012
23-24 151.7 0 0 0.000 0,000
24-25 50.3 0 0 0.000 0.000
25-26 38.0 0 0 0.000 0.000
26-27 17.9 1 2 0.056 0.112

FOR OFFICIAL USE ONLY
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TABLE B24
Replacement Rates for Link Assemblies on M60 Tanks in USAREUR

-

Quantity of: R, /o replacement rate for:
. Usage Vehicles .
interval, Mainte- '
ideths observed s Ports an'_ononce Parts replaced
oefis replaced actions
0-1 330.5 0 0 0.000 0.000
1-2 335.1 2 2 0.006 0.006
2-3 b35.2 0 0 0,000 0.000
3-4 529.6 3 3 0.006 0.006
4es 539.2 4 4 0.007 0.007
5-6 g45.2 o] o} 0.000 0.000
6-7 562.7 3 3 0.005 0.005
7-8 598.7 1 1 0.002 0.002
8-9 618.2 1 1 0.002 0.002
9-10 616.6 1 1 0.002 0.002
10-11 616.2 5 6 0.008 0.010
11-12 61k4.5 h 4 0.007 0.007
12-13 613.0 5 5 0.008 0.008
13-14 612.1 2 2 0.003 0.003
1k4-15 605.1 2 2 0.003 0.003
15-16 583.2 3 3 0.005 0.005
16-17 569.6 2 3 0.004 0.005
17-18 siB8.9 3 y 0.005 0.007
18-19 534.8 L L 0.007 0.007
19-20 533.7 .2 L 0.00k4 0.007
20-21 bg8.1 3 3 0.006 0.006
21-22 326.8 1 1 0.003 0.003
22-23 249.6 5 T 0.020 0.028
23-2k 151.7 1 1 0.007 0.007
24-25 50.3 1 1 0.020 0.020
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TABLE B25
Replacement Rates for Fuel Injector Nozzles on M60 Tanks in USAREUR
Quantity of: R, /o replacement rate for:
i:::rove:l, Vehicles Mainte- P Mai
months obssrved g arts cm'.onom:o Parts replaced
. replaced actions
actions
0-1 330.5 N 6 0.012 0.018
1-2 335.1 5 5 0.015 0.015
2-3 435.2 y 10 0.009 0.023
3-4 529.6 y 15 0.008 0.028
4-s 539.2 I 5 0.007 0.009
5-6 s545.2 2 2 0.004 0.004
6-7 562.7 1 2 0.002 0.004
7-8 598.7 5 7 0.008<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>