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INTRODUCTION

An inpertant action in the management of equipment fleets is the replace-
ment of an item of equipment. Replacement is a simultaneous declaration of
the final consumption of the investment in the old item and of the commitment
of a significant added investment for the new item. Important factors that should
be considered inreaching a decision to replace are obsolescence of equipment
relative to its defined mission, obsolescence of the defined mission in current
and future tactics, and the total cost of fulfilling the mission effectively. In this
study, projections of the first and third of these factors are combined in deter-
mining an “effective life”~an age at which more effective performance per dollar
in the long run can be achieved by replacing an item than by continuing to operate
the old item in its then current condition. The second factor is treated by as-
suming that the range of mission requirements will remain relatively unchanged.
This appendix consists of four parts. The first is a detailed description
of the effective life model. The second is a discussion of the formula modifica-
tions necessary to reflect changes in vehicle utilization. The third is a descrip-
tion of the development of the necessary parameters from the study data. The
fourth is a presentation of the detailed results of the calculations of lifetimes made.

-

MODEL

The in-use effective life of the equipment under study is defined as the
age at which the minimum of a specific mathematical function combining meas-
ures of vehicle effectiveness and cost occurs when the function’s parameters
are those determined from field experience data.

Two monetary costs are considered: the initial investment cost and the
maintenance costs. Costs are amortized in equal amounts for each time period
in the life of the itemn beginning with the time period in which the cost was in-
curred. Costs are allocated against a defined effectiveness by attributing the
effectiveness over a finite time period to the total of the costs amortized in the
same time period. - :

Relative effectiveness is defined as a product of three factors: a measure
of technological competitiveness (the inverse of obsolescence), a measure of
equipment reliability, and a measure of equipment availability.

The model assumed that relative competitiveness C(t) decays in time con-
tinuously and exponentially as C(t) - (1+i)~! , where i is the obsolescence rate
expressed as the ratio of competitiveness lost during a unit of time to the com-
petitiveness at the beginning of the unit of time. With this convention, relative
competitiverniess can always be assigned unit value at an arbitrary zero time.

RAC-T-460 5




‘Reliability in unit time is defined by R(t) = 1-h(t), where h(t)is the frequency
of equipment failures per end item per time unit. The formula is an approxima-
tion to e~ "t The latter form must be used when hit) is not small.

Availability is defined by A(t) = 1-1hit), where X is the mean time out of
service per equipment failure regardless of reason. The formula is an approxi-
mation to 1/[1+xh(t)] for small values of the product Ah(l).

The condensed symbolic statement of relative effectiveness ¢(t) is: g{t)
= C(1) - R(1) - A(1). <

A perfect, ageless item would have to have no decay in competitiveness
(i = 0) and no failures during use [h(t) = 0] . For such an item its relative effec-
tiveness remains at unit value indefinitely. Real items have changing effective-
ness values of less than unity.

The oede D eeabices eosts and wffective ness by forminy an onlimited
number of quotients ¢(t)/q(t) that may be regarded as expressing an amortized
cost per unit of perfect effectiveness at time t. The model determines the mean
E(T) of the guotients over a life T. The effective in-use life is defined as the
age T, for which E(T) is minimum.

Ihe mathematical staiement of E(T)1s a specilic cuhisiluct using the deas
and notation introduced above. Letl be the cost of replacing the item, ¢; the
cost of maintenance in time period i, and g; the relative effectiveness in time
period i. For discrete intervals the average cost per unit of perfect effective-
ness at the end of the first time period is (I+¢y) a5 after the second period it is

](1/2+51/2 l/2+c1’2+c2>, =
= + ;
2

q1 q2
at the end of the nth period it is
. Vi 7 e o — / / /(b L. /94 ¢
Vn Ln+ev/n I/ntcy/nrcs (n ])+. ) .+I ncp/nrcg/ (=1 4. o cp1/20 ¢
a4 qq G5

A rearrangement of the last expression gives as the average cost per
unit of perfect effectiveness per time period at the end of n periods

i Pl H‘ ,
Ey=1n{ln & 1q + % |c/h-1+1) X 179 .
1= 1 T j= T !

The model for discrete intervals has been made continuous by deriving
the limiting form as the time periods are made arbitrarily small and the age
t represented by the n original intervals is held constant, to yield

EM =11t [1 { [0" ds q(s) + Jul((s) (t-s) {sldr/q(r) ds:l

as the average cost over aget per unit of perfect effectiveness per unit of time
at age t. The effectiveness function g(s) is q(s) = (1 + D75 [1=h(s)1{1-rh(s)]; h(s) was
approximated from field data by h(s)-a+bs , and q(s) was then quite well approxi-
mated by q(s) - fe™%5. The maintenance cost function ¢() was approximated from

6 RAC-T-460




field data by c(s) = A+Bs. Introducing these functions into the expression E(t)
gives :

EQ) =1/t [m fO‘ ds/fe=3s + foﬂ(Aa—Bs)/(‘t—s) [fdr/fear ds]_

Integrating E(f) yields as the working expression used in this study for the
average cost per unit of perfect effectiveness per unit of time over the age t

E(1) = 1(e8 =) /fat? — A/f e8Ygt §l(‘—gl)’"/m(m!) ~ Bt/fe8%at 21 (=at)/mlm+1)!
3 "= me== -

E(nis evaluatedfor values of t until T such that E(T) = minimum E(t) is found.
T is the defined effective in-use life of the iter.

MODIFICATION OF FORMULA FOR CHANGES
IN VEHICLE USE

In order to compare current vehicle models with those studied previously
it was necessary to convert field observations to a common rate of vehicle use.
Such conversions are also necessary to determine in-use lives at any other
moderate levels of vehicle use.

Two of the input functions are considered to be explicitly sensitive to
utilization. Of course any derived functions that depend on those two input
functions are also sensitive to vehicle utilization. The lives of parts were
considered to be the same with respect to miles for moderate changes in
utilization. Costs were considered to consist of a portion constant with re-
spect to time and another portion unchanged with respect to miles for moderate
changes in vehicle utilization.

Let u, be the observed rate of use.. Let u be some other rate of use. Then
the assumptions about sensitivity to rate of use when applied to the linear esti-
mates derived from direct observation yield for another rate of use u:

h(t) = u/u, La+ u/u ) bt]

) = Apsu/uy LAgrw/u ) Bt}

where A;is the portion of cost always constant with respect to time and A, is
the portion of cost that remains the same with respect to miles.

To emphasize dependence on utilization the input functions are sometimes
represented by hit, u) and c(t, w). Any rate function that depends only on mileage
transforms along a time axis according to the functional relation

Fl, W = w/u [t e u
ﬁEVELOPMENT OF MODEL PARAMETERS -
The input data required by the model are of two categories: cost and

effectiveness.
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Costs

The end-item replacement costs | were taken to be an average of recent
procurement prices for vehicles for which lives were computed in this study.1
Table Al contains the values of the I parameters used in the life formula.

TABLE Al

Replacement Casts | of Vehicles and Mability Systems
.Considered in the Study

Replacement
cost,

Vehicle type dollars

M60 tank 146,000

M60 tank mobility system 67,500

M113 APC 26,700

M113 APC mobility system 11,500

M88 recovery vehicle 132 000

TABLE A2
Direct Track Costs per Yehicle
\ _ Dollars per
Vehicle type
Complete Mile Montho
set

M60 tank 4520 2.05 266.50
M113 APC 3415 .95 137.75
M88 recovery vehicle 6553 4.05 380.60

aAt gbserved usage rates.

The mobility systems of the M60 tank and the M113 armored per sonnel
carrier (APC) were considered to consist of the power train and the suspension
system. The mobility system cost for each vehicle was developed by totaling
the replacement cost of individual parts and components.

Maintenance costs comprised the following: parts, parts management
overhead, and labor. Parts costs were treated in four ways, one for each of
three categories into which parts were classified during the study, and a special
one for track.

Track cost was considered as having been incurred evenly over the track
life. Track life varies only slightly. In reality track costs are incurred cycli-
cally over short, well-defined periods of vehicle life, resulting in temporary
maintenance costs that are as much as five times the amount incurred during
periods when track is not replaced. With track costs made uniform the more
gentle maintenance-cost trends of other parts can be well represented by a
linear approximation. Table A2 shows track costs for the vehicles discussed
in this study.

The three general categories into which parts were classified are major
assemblies, selected parts, and other parts. Selected parts were parts con-
sidered to be important both for their costs and for their impairment of vehicle

8 RAC-T-460




effectiveness on failure. The selected parts, including major assemblies, are
listed for M60 tanks and M113 APCs in Tables 12 and 13, Chap. 5, Vol 1. Data
for major assemblies and selected parts were collected for all vehicles in the
RAC sample. Data for all other parts were collected for only twc battalions of
tanks and three battalions of APCs. From replacement rates based on the total
sample, selected parts costs were computed for each interval of observed
vehicle life. By a least-squares regression a straight line was fitted to these
points. The ratio of other parts costs to total parts costs excluding major
assemblies and track was calculated for the units from which all parts data
had been collected and analyzed. This ratio was assumed to be constant over
vehicle life, and the regression coefficients of the selected parts costs were
enlarged to include other parts as well. ‘

Major assembly (engine and transmission) costs were computed as were -
selected parts costs, and a least-squares linear regression was applied to them.

The approximation of total parts cost is a straight line that is the sum of
the individually calcuiated major assembly and non-major assembly lines.

Parts management overhead, often called “stock, storage, and issue” (SS1)
costs, was taken to be 52 percent of the cost of parts excluding major assemblies
and track. This factor is taken from “The Cost of Supply Operations”2 and is
the same as that used in the previous RAC combat vehicie study.

Labor costs at crew, company, and battalion level were taken essentially
from Ref 3, with adjustment inthe pay rate to reflect recent military pay raises.
The conversion of the units in the RAC sample to ROAD TOEs occurred late in
the study, so that through most of the study the TOE maintenance support re-
mained as it had been during the previous study. The crew sizes of the vehicles
did not change. The distribution of all available maintenance man-hours at
company and battalion levels among the several studied and nonstudied vehicle
types was assumed to be the same as that determined in the previous study.
Field-maintenance labor costs were derived from data of the current study.
Labor costs for all field maintenance performed were determined from a two-
battalion subsample of tanks, a three-battalion subsample of APCs, and the total
sample of M88 recovery vehicles. For each vehicle an average field-maintenance
labor cost per vehicle month was computed for the observed vehicle life. Table
A3 shows crew, company, battalion, and field (i.e., first-, second-, and third-
echelon) labor costs for the three vehicles.

TABLE A3
Labor Costs per Vehicle per Month

Echelon M60 M113 M88
Crew (first echelon) $342.74 $ 77.00 $ 0 @
Company (second cchelon) 164.18 140.58 262.90
Battalion (second echelon) 66.80 65.56 98.78
Field (third echelon) 2.80 1.56 2.29
Total 576.52 287.70 363.977

Vo repularly assigned crew. Crew filled from regular maintenance personnel.
aN gularly gned (C filled f gul t p 1

Figures Al, A3, and A5 show all assigned maintenance costs for the three
vehicles including the labor costs as shown in Table A3. For purposes of -
comparison Figs. A2, A4, and A6 show all assigned costs when crew labor costs

RAC-T-460 9
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are excluded and when the only second- and third-echelon maintenance labor
costs included are those based on man-hours actually recorded on job orders.
The resulting labor costs are considerably lower than those shown in Table A3,
with a corresponding decrease in total maintenance costs.

Effectiveness

Three pieces of information are required to express effectiveness as it
is defined in the preceding part of this appendix: i = obsolescence rate, h(t)
= vehicle failure frequency, and A = mean time out of service per failure. All
except one of the obsolescence rates used in this study were taken from RAC -
T-409.° The exception is that used for the M60 tank, which was taken from a
more recentanalysis® of the kird done in RAC-T-409,° and which included a
longer history of tanks. (The obsolescence rate used for the M48 tank was
0.050 [5 percent per year]. The effect of using 0.050 instead of 0,056 for the
M#60 tank would be to extend the effective in-use lives from 6200 miles and
48 months to 6500 miles and 50 months.) The obsolescence rate is assumed
constant over the time frame considered by the study. Obsolescence rates
used for vehicles in the study are shown in Table A4.

TABLE A4 TABLE A5
Annuol Obsolescence for Vehicles Meon Time Out of Service per Mointenonce
ond Mobility Systems Job Order Involving Replocement of
Prime Mobility Ports
Yearly
obsolescence, Job duration,
Vehicle type i Vehicle type Months
M60 tank 0.056 / M60 rank 0.19
M60 tank mobility system 0.020 M113 APC 0.22
M113 APC 0.020 M88 recovery vehicle 0.35
M113 APC mobility system 0.020
M88 recovery vehicle 0.020

The vehicle failure frequency was taken to be the sum of failure frequencies
of prime mobility parts. (Lists of the parts for the M60 tank and the M113 APC
are contained in Table 6 of Chap. 4, Vol 1.) A least-squares linear regression
for the failure frequencies and vehicle ages was made and used as h(l) in life
calculations. Figures A7 to A9 show h(t)for the vehicles discussed in this study.

The mean time out of service per maintenance job was derived from data
taken from field-maintenance job orders for third-echelon work and from the
deadline report for second-echelon work. The mean time out of service per
maintenance job was assumed constant over vehicle life. Table A5 shows the
mean times out of service per job for the vehicles studied.

RESULTS
Detailed results of the many lifetime calculations made in the course of

this study are contained in Tables A6 to A8. In addition to results based on the
“standard” parameters (those presented in the previous section), the influence

RAC-T-460 .13
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of variations of use rate on tank and APC lives has been examined because of
the significant differences between the rate of utilization of the current model
vehicles and that of their predecessors.

Furthermore, tank lives were computed for a variety of purchase prices,
at both the “standard” obsolescence rate and at a zero obsolescence rate, Also,
lives were computed assuming a reduction in downtime of 50 percent.

Labor man-hours as they were recorded on job orders were costed and
used as an alternative labor cost input to the calculation. A set of lives to show
this effect was also computed.

Finally, lifetimes for mobility systems of the M60 tank and the M113 APC
were computed.

All these results are contained in Tables AS§ to A8. In most cases the
direction of change in the calculated in-use effective life resulting from chang-
ing a given parameter is predictable. The magnitucde of change is also of inter-
est. For example, the effect of improving (reducing) support system response
time by 50 percent is to extend the life 10 percent or less at moderate rates
of use. .

Graphs of the cost-effectiveness ratio, based on’'the standard parameters
for each vehicle, are plotted in Figs. A10 to A12. These figures show the
minimum points that are defined to be the effective in-use lives. The flatness
of the curves around their minimums is striking and is discussed in Chap. 7, VolI.
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INTRODUCTION

All operational and maintenance data analyzed by this study were collected
directly from Seventh US Army, USAREUR combat and supporting units. The
3d Armd Div and 4th Armd Div were the principal sources of M60 tank data.
The 24th Mech Inf Div and 3d Armd Diviwere the sources of most M113 APC
information. The records of M88 recovery vehicles were extracted in all
visited units that possessed themi. More than 1400 combat vehicles comprise
the total sample.

Five battalions were designated “depth” or maximum-detail units. In
these five battalions all data relating to all combat-vehicle maintenance activity
were extracted. In the remaining units, data extraction was confined to infor-
mation related to a limited list of parts and assemblies. The depth units were
among the first in USAREUR to receive the then new models of combat vehicles.
They were also among the first to inaugurate the “temporary appointment pend-
ing establishment of register” (TAPER) record-keeping system, the immediate
predecessor of The Army Equipment Records System (TAERS).

SOURCE RECORDS: TAERS

TAERS followed TAPER and was begun by some units in Europe as early

_ as January 1962. By October 1962 TAERS had been introduced to all units.

Most of the data analyzed in this study describe events that occurred during
periods of TAERS coverage.

A TAERS logbook is assigned to each combat vehicle. The book consists
of the following operational, maintenance, and equipment historical records:

The Equipment Daily-Monthly Log (DA Form 2408-1)

This form provides a daily record of miles and/or hours operated and
fuel and oil consumed. It also provides a month-by-month summary of vehicle
operation.

Equipment Maintenance Record (Organizational) (DA Form 2408-3-1)

This form provides a record of maintenance service and parts replace-
ment performed by organizational (second-echelon) personnel.
Equipment Maintenance Record (Support Echelon— Field
and Depot) (DA Form 2408-6)

This form provides a record of field-maintenanc e {third-echelon) repair
and parts replacement.

20 RAC-T-460




Equipment Transfer Record (DA Form 2408-7)

The date of issue of a vehicle to the possessing unit is recorded on this
page.
Forms not contained in equipment logbooks were also examined.

Transaction Register for Supply Actions

In the five depth battalions the parts-requisition regislers were photo-
copied at four 6-month intervals to provide a 2-year record of all parts requi-
sitioned by the battalions.

Maintenance Request (DA Form 2407)

This form is used by organizational units to request maintenance services,
repairs, and modification work orders {(MWO) to be performed by their support-
ing field-maintenance units. Field-maintenance units complete the form by re-
cording their responses to the requests.

Although all field-maintenance work on each vehicle should have been
recorded on the DA Form 2408-6 page of its logbook, séveral instances of
omission were discovered, In order to guarantee completeness of vehicle
histories the supporting field-maintenance units were visited and their re-
cords carefully examined.

Earlier Sources

Prior to the introduction of TAPER and TAERS the principal sources of
information at organizational units were the Organizational Equipment File
(DA Form 478) and the Current Work File (CWF). DA Form 478 provided a
reasonably accurate record of major-assembly history that could be checked
against data at field-maintenance units. The Current Work File was often too
sketchy and too subject to local interpretation to offer more than a fraction of
the type of data desired from it.

DATA COLLECTION

RAC data collection teams vistied USAREUR four times from February
1962 through September 1963. Earlier experience had shown 6 months to be
an efficient and convenient interval between collection trips.

The data for each vehicle examined were recorded on an individual RAC
data sheet. Important identifying information was used to head each page: '
using unit, vehicle type and model, USA registration number, bumper number,
and date of issue. The serial numbers of original and replacement engines
and transmissions were recorded when available. The columnar arrangements
of the main portion of the RAC data sheets closely corresponded to those of the
logbook pages.

Experience showed that logbook data extraction-in-depth battalions gen-
erally required 4 to 5 man-days and that '/, to '1 man-day was required for
reproduction of the parts-requisition register. Other battalions generally
required 2 to 4 man-days for the extraction of loghook data. Data extraction
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.at a supporting field-maintenance unit averaged 1 to 1% man-days with varia-
tion depending directly on the number of sampled battalions supported by the
visited unit. At field maintenance only the DA Forms 2407 for units belong-
ing to the RAC sample were pulled and recorded. Man-hours were also con-
sumed in entrance and exit interviews, travel, team conferences, and personal
and mechanical maintenance. Several special tests and exercises were attended
by one or two team members. All involved headquarters-coordinated visits and
thereby greatly boosted team efficiency.

DATA REDUCTION TO PUNCHED CARDS

To be of value the collected data had to be reduced to a workable data bank.
Because the data were intended to be used as the input to various analyses by
this and other projects, it was advisable to convert the original data to accessible
sortable form. Punched cards were chosen as being best suited to the manifold
requirements. They could easily be used both for the many required one-time
mechanical sorts and counts and also for the more highly repetitive sorting,
counting, and calculating routines performed electronically. The project’s
efforts can be described in order as:

(a) The coanstruction of an empirical history file of maintenance and
parts events.

(b) A series of different analytic operations all performed on the history
file (data bank).

(c) Interpretations of all processes and analyses.

The transfer of data to punched cards may be considered to mark the
completion of the first of these three steps.

The original data were all converted to one of four card arrangements.
All these cards are being retained at RAC for future analyses. Arrangements
can be made for responsible agencies and individuals to gain access to the bank
of reduced historical data. The four types of punched cards are described in
the following paragraphs.

History Card

There is one history card for each vehicle in the sample. 1t contains
identification by vehicle type and model, using unit, USA registration number,
date and mileage at issue, and date and mileage at last observation. Any per-
tinent remarks describing such things as evacuation, transfer, or wrerkage
are also included. All calculations of the days in use and mileages that elapsed
prior to some event must be determined by reference to the history cards.

Parts Card

The parts card contains several kinds of information extracted from. .
equipment logbooks. The title “parts card” has been used because most of the
included information describes parts replacements; however, other types of
events are also recorded. For the five battalions studied in detail, all parts
repairs, adjustments, and replacements are described. 1n the other units,
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only activity directly involving certain selected parts (Table 13, Vol I) are

" recorded. For all units, scheduled maintenance jobs (Q services) are each
represented by a card. Both organizational- and field- maintenance-activity
data are described in parts cards.

Field-Maintenance Cards

Previously unrecorded data (i.e., missed at using units) discovered at
supporting field-maintenance units are identified by a separate type of card
with format and contained information very similar to that of parts cards. The
only real distinction between parts and field-maintenance cards is the source
of their included information. In an early stage of data reduction, information
that appeared in both organizational and field-maintenance units also appeared
in two separate RAC cards. Duplication was later eliminated by retaining only
the more complete card. When both a parts and a field-maintenance card were
complete, the latter was dropped.

Requisition Register

Information included on the photocopies of requisition registers was punched
directly into cards. The cards contain using unit, vehicle bumper number, ve-
hicle USA registration number, date of order, date of delivery, quantity, federal
stock number, abbreviated parts nomenclature, and disposition (filled or can-
celed).

Summary

Data reduction was the most time-consuming phase of the project’s efforts.
The processes employed were all straightforward. The data came from dozens
of units and had to be edited for consistency and nondupiication at all steps.
Editing and correcting were primarily manual operations. It was not practical
to develop a computer routine general enough to handle all the editing chores.
The analytical routines employed in later stages of the study required highly
refined input. If the only objective had been to print histories of vehicles, a
much less refined data bank would have been sufficient and much editing could
have been omitted. However, multiple edits and checks were required to pul
the TAERS-type data into a form analyzable by RAC. '

SAMPLE DENSITY BY UNIT

One of the basic operations performed on the data bank of vehicle histories
was the construction of a descriptive summary of the density of the sample and
the average vehicle age and mileage for the various udits studied. Battalion-

_by-battalion listings of the number of vehicles studied, months of coverage,
average monthly mileage, and average accuraulated mileage are given for
M60 tanks, M113 APCs, and M88 recovery vehicles in Table B1l.

Distributions of months covered and accumulated mileages are shown for
the total samples of each vehicle in Figs. Bl to B6. In Figs. B7 to B10, distri-
butions for each armored division of M60 tanks of the sample are shown.
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Sample of Three V

TABLE B1

chicle Fleets, Seventh Army, USAREUR

Number Average Average Average
of months in miles per total
Unit vehicles service month mileage
M60 Tank
3d Armd Div 250 23 - 142 3264
3/33d Armor 54 2 124 2859
3/12th Armd Cav Regt 31 19 79 3406
2/32d Armor 66 22 137 3024
1/33d Armor?® 77 24 161 3856
2/33d Armor 22 23 117 2702
4th Armd Div 323 20 115 2305
9/15th Armd Cav Regt 20 20 124 2473
24th Engr 7 6 145 870
2/35th Armor 55 21 112 2347
1/37th Armor 55 20 120 2391
3/37th Armor 48 20 124 2485
9/37th Armor? 56 21 118 2472
4/35th Armor 72 21 103 2173
Special training veh 10 15 96 1434
24th Inf Div 67 29 131 2871
1/70th Arnior 33 22 27 2792
2/70th Armor 34 22 134 2047
Total average, .
USAREUR 640 21 130 2739
M113 APC -

924th Inf Div 357 18 164 2945
3d Bde i 14 173 2418
1/19 Inf 68 18 132 2382
1/21 1nf 82 18 157 2830
2/21 Inf 72 17 174 2957
1/34 Inf 31 18 158 2840
3/19 Inf® 78 A, 174 3656
2/34 Inf 19 20 139 2772
3d Armd Div 185 1B 155 2796,
3/33 Armor 14 14 108 1506
1/33 Armor 17 14 129 1806
3/36 Inf® 61 20 155 3097
1/48 nf? 27 19 189 3583
2/48 Inf 66 16 170 2726

Ath Armd Div
51st Inf 63 14 111 1557
2d Armd Cav Regt 64 37 116 1964
1/2 Armd Cav Regt 20 17 128 2184
2/2 Armd Cav Regt 23 18 110 1973
- .3/2 Armd Cav Regt 21 16 109 1744
14th Armd Cav Regt 38 2.2 100 2206
1/14 Armd Cav Regt 19 23 98 2265
2/14 Armd Cav Regt 19 20 107 2147

Total average,

USAREUR 707 18 147 2654
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TABLE B1 (continued) .

Number Average Average Average
of months in miles per total
vehicles service month mileage
M88 Recovery Vehicle
3d Armd Div 26 19 93 1760
3/33 Armor 5 18 92 1654
3/12 Armd Cav Regt 6 17 105 1783
2/32 Armor 5 20 80 1607
1/33 Armor 6 18 109 1963
3/36 Inf 1 29 59 1722
2/36 Inf 1 15 109 1630
2/33 Armor 2 20 91 1815
4th Armd Div 27 17 98 1662
2/35 Armor 6 16 103 1643
1/37 Armor 6 19 92 1754
3/37 Armor 1 19 111 2109
2/51 Inf 3 18 68 - 1217
4/35 Armor 6 17 105 1793
2/37 Armor 5 18 90 1615
24th Inf Div 10 20 76 1516
3/19 Inf 5 19 45 857
1/70 Armor 2 22 101 2226
2/70 Armor 3 20 107 2142
2d Armd Cav Regt 10 19 79 1508
1/2d Armd Cav Regt 2 22 88 1933
2/2d Armd Cav Regt 4 16 82 1310
3/2d Armd Cav Regt 4 20 75 1492
14th Armd Cav Regt 10 21 114 2404
1/14 Armd Cav Regt 6 24 119 2847
2/14 Armd Cav Regt 4 19 992 1740
Total average,
USAREUR 33 19 94 1746

ASubject of intensive data collection and analysis.

RAC-T-460




26

100 — — = — T
| : .
! | %
o= | =
@ L | &40 veh .
g 5 g 3
1 T g
& | 1 |
; | [ L"I
§ 40 L.._.] l——_l L_I ~
5 Mar 62 Sep 2| |
547 veh 615 weh | |
20 - : | | ]
| [
-
L r
0 Rk 11
A A A
0 6 12 18 30

TIME SINCE 1SSUE, MONTHS

Fig. B1—Age Distribution of M60 Tanks Observed in USAREUR
during Four Data-Gathering Trips

A Average age of sample at end of each of first three data-gathering periods

A Average age of total vehicle sample
- — — Age distribution of sample observed during each of first three datu-gathering trips -
Age distribution of total vehicle sample

100 = S T |
= R
| | v :
| - }
o ML .
o ! ks B
3 : Sep 62—  Mar 63\; Sep 63
o L -
6 | L 615 veh ‘11 591 veh L_: 640 veh I
> i
L.
& L " :
= L !
2 b1 3 Ry 1
w40 - 'L—,‘_ N [ = —
S Mar 62 ——=1 g -
w 547 veh 1 - L l_‘—l_‘
1 Lo s
20 o L *a.. 1L
L el ey, |
- ~n
S, I .
L‘\ L‘-\.
] kel T4 ]
0 = A A
0 1 2 ] 4

DISTANCE TRAVELED SINCE 1SSUE, THOUS OF MILES
Fig. B2—Mileage Distributior of M60 Tanks Observed in USAREUR
during Four Data-Gathering Trips

A Average mileage of sample at end of each of first three data-gathering periods

A Average mileage of total vehicle sample
— —~ Mileage distribution of sample observed during each of first three data-gathering trips
——— Mileage distributian of total vehicle sample

RAC-T-460

P




100 ——= s T T T T g
80 - =
u
Lé
5
z 60 LM
> | "
w Sep 62 ] _Ep &3
3 554 veh | 722 veh
& 40 — L—- Ly
O " 1
@ ]
& I 1
o = |
H L
| =
- i 5
20 1
L
_
1
g : 5 : Fuy : -
0 & 12 % 24 30

TIME SINCE ISSUE, MDHTHS

Fig. B3—Age Distributian of M113 APCs Observed in USAREUR
during Three Data-Gathering Trips

A Average age of sample at end of each af first twa data-gathering pericds

A Average age af tatal vehicle sample
~——Age distributian of sample observed during each of first two data-gothering trips
Age distributian af tatol vehicle sample

100 —T {' I
|
| il
e
80 | : i _
@ =
o )
=] |
T 60 | -
> |
w S
o 1
= I
] 40 = - b 1 B
& 1 ta L,
e Mar 62— L —, Sep 62\.__' Lq
372 veh L__,‘554 veh [ L
20 | : L 1
=
Lo *
[
t 1i |111"L—' g
g 7oy oY 5 A
0 i 2 4

DISTANCE TRAVELED SINCE ISSUE, THOUS OF MIL ES

Fig. B4—Mileage Distribution af M113 APCs Observed in USAREUR
during Four Data-Gathering Trips

A Average age af sample at end of each af first three data-gathering periads

A Average age of total vehicle sample

——— Age distributian of sample observed during each of first three data-gathering trips
Age distributian af tatal vehicle sample .

. RAC-T-460

21




28

80
[
w
-
9
T 60 |-
w
>
w
o
=
&40
9]
@
w
0.

20

0 | i | i

0 6 12 18 24
TIME SINCE ISSUE, MONTHS
Fig. B5—Age Distribution of M88 Recovery Vehicles
Observed in USAREUR
A Average age of tatal vehicle sample

100 ¢ .

BO
i il
b 1
o 4
G Sep 63 -
I.: P A7 veh = —|
: ]
Q.

20 LI_

- | Jhos - = i,
A
0 1 2 3

DISTANCE TRAVELED SINCE ISSUE, THOUS OF MILES

Fig. B6—Mileage Distribution of M88 Recovery Vehicles
Observed in USAREUR

A Average mileage of total vehicle sample

30

RAC-T-460




100 1
|
! |'
! i
80 |- ' 1
l I
bt ' I
iy |
Y I |
I 60 |- |
= Mar 62 I Sep 62 |
K 243 veh | 239 veh |
& | [
';“Z, 40 | I
& | |
w
a '———ﬂ..] S AL |
20 | l'
I
I I
| I
0 | |1 1|
A Fi Fuy F Y
0 6 12 16 24 ki

TIME SINCE I1SSUE, MONTHS

Fig. B7—Age Distribution of M60 Tanks Observed in 3d Armd Div, USAREUR
during Four Data-Gathering Trips

A . Average age of sample at end of each of first three dota-gathering periods

A  Average age of total vehicle sample
~—— Age distribution of sample observed during eoch of first three data-gothering trips
Age distribution of totol venicie sample

E  =p— .—.1 - —_
i =
I L,
L
a0 - 1 &5
' L
o "'I 1
d by 1
W el - Mor 62 | Sep 62 _
I'. 243 weh T L123‘?vc|‘|
r:\ I
|_ i
w40 Lo
& H
s e |
51 b |
20 - [
L
Ly .
| | e [l - |
b yay oY g =
0 1 2 : 3 4
DISTANCE TRAVELED SINCE i$SUE, THOUS OF MILES
Fig. B8—Mileage Distribution of M60 Tanks Observed in 3d Armd Div,

USAREUR, during Four Data-Gathering Trips

A Average mileage of sample at end of each of first three data-gathering periods

A Average mileage of total vehicle sample
— —— Mileage distribution of sample observed during each of first three data-gathering trips
—— Mileage distribution of total vehicle sample

RAC-T-460

29




30

e = |

TLES
=
i

2

Mar 62

Mar 63 | Sap 63
3]’1 \'L‘Il.- 303 "

3213 weh

257 weh

PERCENT DF VEHICL
Fe
=
=i
; R
o
LTS
I e

7 .
- i I _|
! =9 ok
Lsy | |
| | | J
! — e | a
0 X s A i
0 6 12 18 24 30

TIME SINCE ISSUE, MONTHS

Fig. B9—Age Distributian of M60 Tarks Observed in 4th Armd Div,
USAREUR, during Four Data-Gathering Trips :

A Averoge age of sample at end of eoch of first three doto-gothering periods

A Average age of totol vehicle sample
——— Age distribution of sample observed during each of first three data-gothering trips
Age distribution of totol vehicle sample

I_.I [ X
. i |
1 1 ¥
| I :
BO i ! 5
1
| L)
i 1 !
i . b
U I _-: I -
= Q- | i { Bk
= [ i I
:_ Mar 621 Sep &2 _ | Mor |‘_'-':-._ [ _3&.5 &3
= 114 voh) 309 veh "7 287 weh L 127 veh
= |
- | |
g | | :
[ i ! |
w by =
i I
! ~ | I
r i i i
20 i i i
i i i
1 | P ]
[ S :-‘ ey
y Lot
: i O SR . T Ly by _
iy Y B Fy
a 1 2z 3 4

DISTANCE TRAVELED SINCE 1SSUE, THOUS OF MILES

Fig. B10—Mileage Distributian af M60 Tanks Observed in 4th Armd Div,
USAREUR, during Faur Data-Gathering Trips
A Average mileage of sample at end of eoch of first three dara-gathering periods
A Averoge mileoge of totol vehicle sample
— —— Mileage distribution of sample observed during each of first three dato-gathe-"ngtrips
——Mileage distribution of total vehicle somple

RAC-T-460




Appendix C

MAINTENANCE EVENTS RATES COMPUTER ROUTINE
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INTRODUCTION

The ideas of “maintenance event” and “maintenance-event rate” are basic
to an analysis of effects of maintenance on operations. A “maintenance event”
is any action taken to correct or prevent an equipment operational deficiency;
for example, engine replacement, lubrication, point-gap adjustment, or radiator
repair. A “maintenance-event rate” is the frequency at which a maintenance
event occurs. Frequency is the ratio of actual occurrences to the total possible
occurrences. A maintenance-event rate may be used as a convenient base from
which to estimate equipment availability and costs of maintenance by associating
labor, parts, supply, storage, and issue costs and elapsed periods of equipment
unserviceability with each maintenance event. For events associated with ve-
hicle disablement, the event rates are direct measures of equipment unreliability
due to those events and the appropriate combination of all such event rates is
a measure of the equipment reliability. And, when the event is a part replace-
ment, the event rate is a parts demand rate.

The reduction of raw data of the form “event x occurred to equipment
number y at equipment age z” to an event rate for event x at equipment age z
is an important step in maintenance analysis. The computer program described
below performs this basic reduction of events data to events rates as a function
of equipment age. The equipment sample size may vary with equipment age;
the program is designed to process changes in the numbers of event occurrences
and of possible event occurrences.

RATES

The calculation is oriented toward events that can occur only once to a
particular component of an item of equipment, e.g., “replacement of the second
replacement engine.” For such events a hazard rate for first (original) com-
ponents is developed, and a quasi-hazard rate for second~ and higher-order
components is developed. “Hazard rate” is the event rate expressed as a fre-
quency of event occurrence among only those components that have not yet
experienced the event. “Quasi-hazard rate” is used here to describe a rate
expreséed as a frequency of occurrence among only those items of equipment
that have not yet experienced it but is not a true hazard rate in two ways:

(a) items of equipment are included in the rate’s divisor (rate is a ratio:
occurrences/possible occurrences) regardless of whether they have yet expe-
rienced necessary prior events (e.g., the divisor of third engine replacements
includes all equipments that have not yet experienced third engine replacements,
including those that have not yet experienced even their second or their first);
(b) it is expressed as a function of equipment age rather than of comporent age.

32 RAC-T-460




Then, from first-event hazard rate, first-event rate is developed, and from
second- and higher-order-event quasi-hazard rates, second- and higher-order-
event rates are developed. The calculation proceeds to event rates via hazard
and quasi-hazard rates to avoid bias in the censoring of the sample by the
sample age distribution; the bias introduced when the proportion of event-
experiencing equipment among items appearing in age interval but not inn+ 1
differs from the proportion among all equipment appearing in age interval n.

In addition, the true hazard rate is itself a fundamental quantity.

Rates for events that are not truly ordered in the sense of N e ok e B
nth are also computed using the same routine. However, for these events the
output of hazard rates, quasi-hazard rates, and Ist-, . . ., nth-order event
rates have no readily useful meaning with respect to event order. The sum of
the so-called “lst-, . . ., nth-order event rates,” called simply the “event rate”
for an event has the intended meaning. Events of this kind may be characterized
by any one or combination of the following: the event may occur more than once
to the same component; the order of the event may be unknown; and more than
one of the same kind of component may be present in the equipment in such a
way that the particular one experiencing the event may be unknown.

A brief technical exposition of the rates may be found in App D in the
section “Replacement Rates and Mean Lives.”

ROUTINE

An outline of the flow and generation of information in the events rates
routine is shown graphically in Fig. C1 and verbally below.

The rates-computation routine requires events data consisting of event
identification code, equipment serial number,; equipment age when the event
occurred, and a code indicating whether the event is amenable to an ordered
rate interpretation such as that described in the first paragraph of the preceding
section, or whether it is amenable to only the nonordered interpretation described
in the second. The routine also requires parent-sample identification data, con-
sisting of the serial number, the age at which observation in the sample began,
and the age at which obseryation ended for each item of equipment in the sample.
These data are regarded as two files: an events file and an equipment file.

The rates routine assumes the existence and use of an appropriate sort
routine. Beginning with the two sorted files, the rates routine proceeds in two
phases: in Phase I the desired elements of the two basic data files are placed
on one tape; in Phase II the output tape of Phase I is the input from which the
rates are computed. In Phase I it is possible to form any subsample of the
sample so that rates can be computed on the basis of subsamples, and it is
possible to select among the events. The format of Phase 1 output is a sequence
of one or more “jobs,” each job being at least two data blocks of which the first
is the sample or a subsample, and each of the others is an event the rate of
which is to be computed for the equipment sample or subsample of the job.
Phase II computes a rate for each event block on the Phase I output tape.

Phase II has two parts: part 1 is a frequency count of actual and possible events
for age intervals of a length specified as an input to Phase II, beginning at age
zero and ending with the interval containing the age of the oldest sample or
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subsample item; part 2 computes hazard and quasi-hazard rates and event

rates for each age interval.

The printed output for an event rate is contained on six pages.®® The
first page is a cover identifying the event, the sample, and the age interval
size. The remaining five pages are of the format shown in Fig. C2, and con-
tain information shown in the accompanying tabulation.

Page ; Contents
2 Event count
3 Equipment exposure count
4 Hazard and quasi-hazard rate
5 Event rate
6 Cumulative event rate

A set of output pages for M60 tank engine replacements is shown in Figs.
C3 to C8.

STUDYRPT74 .1 i 29704 64

MTNC EVENTS RATES VS AGE

VEHICLE PEU TANK

SAMPLE TOTAL

AGE SEGMENT TOU-®ITES - -1
EVENT ENGINE Jo

Fig. C3—Cover Page, Page 1 af the Six-Page Set Canstituting
M60 Tank Engine-Replacement-Rate Output

w
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RUNRP74.1 29 04 64 RATES M6O ENGINE RPL JO 100. MILES

E

3.

ESUM 235,

Fig. C4—Event-Count Page, Page 2 of the Six-Page Set Constituting
M60 Tonk Engine-Replacement-Rate Output
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Fig. C5—Equipment-Exposure-Count Poge, Poge 3 of the Six-Page Set
Constituting M60 Tonk Engine-Replocement-Rote Output
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Fig. C6—Hazard- and/or Quasi-Hazard-Rate Poge, Page 4 -~
of the Six-Page Set Canstituting M60 Tank Engine-
Replacement-Rate Output
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Fig. C7—Event-Rate Page. Page 5 of the Six-Page Set Constituting
M60 Tonk Engine-Replacement-Rate Cutput
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Fig. C8—Cumulative Event-Rate Page, Page 6 of the Six-Page Set
Constituting M60 Tank Engine-Replacement-Rate Output
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INTRODUCTION

In this appendix are collected brief formulations of a number of notions
discussed in the body of the report.

AVAILABILITY POTENTIAL

By definition the availability potential B relative to some disability or
disabilities is

B =1/(1+h)),

where his rate of occurrence of the disability(ies) per unit of nondisabled

time, and A\‘is the time consumed in restoring serviceability. The word
“potential” has been included in the name because both hand X may vary with
time and because the entire process is subject to chance effects. The availa-
bility potential as defined is the steady-state probability that an item selected

at random from a homogeneous collection of items that fail at the constant

rate k and are restored in the constant mean time ) is operable; it is the value
toward which such actual probabilities in a dynamic situation tend instantaneocusly.

SUCCESS INDEX

The age-dependent march-success index (s, ) is defined as

S(s, 1) = e~ LR L1 s/t )]

march distance
rate (per unit of distance) of occurrence of disabilities
mean duration of a disability
vehicle age in time units

= vehicle age in accumulated use
This formula concisely expresses the likely success of the combat vehicle in
its dual role. ‘it includes the availability potential as the measure of probability
that a vehicle is available (operable) in 1/{1+(s/t) h(s)] and the probability that an
available vehicle will complete a march of length L unimpaired in ,-Lh(s). As
the product of these probabilities the success index is a measure of the proba-
bility that a vehicle is both ready and durable enough to attain a destination for
engagement a distance L away. The expression e~ Lh(s) is an approximation of
exp [ ;': "L n(s) ds) valid when h(s) changes very little over a range L.

where L
h(s)

X

t
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PIPELINE NOMOGRAM

The number of items in an overhaul pipeline at equilibrium is

P & Nua/s,
where P = number of items in the pipeline
; N = number of in-use items
u =item use rate
X =time required to restore an unserviceable item to serviceability

S = mean item use per replacement

By equilibrium is meant a situation in which N, u, X, and S are constant.
The pipeline discussed in this model has the following characteristics:

(2) It is the sole source of serviceable items.

(b) It is the sole recipient of unserviceable items.

(¢c) All items not in use are in it. : .

The equilibrium assumption has its value in that even the most changeable
parameter, S, changes slowly enough that approximate equilibrium obtains for
many items over periods of time on the order of a supply cycle in length.

ANNUAL “BILL” OF A BALANCED FLEET

The annual bill of a balanced n-part fleet is

C=.

1

I 4=

L N [ar,/8) + Ml

where C =the annual cost
i = one of the fleet segments
N; = the number of vehicles in segment i
u; = the mean annual usage of vehicles in segment i
I; = is the cost for fleet segment i to acquire a vehicle (I, is the cost
of a new vehicle; subsequent |, represent rehabilitation and trans-
portation costs associated with transferring the vehicle from seg-
ment i-1toi)
S, E the usage a vehicle accumulates during its presence in fleet seg-
ment i
M7 = the operating cost per unit of usage of a vehicle in fleet segment i
The balanced fleet discussed is characterized by the following:

(@) There is a flow of vehicles from fleet segmenti-1 to fleet segmenti
fori=2,3,. . .n.

(b) Every vehicle makes this passage.

(c) The numbers of vehicles, usage each accumulates, and use rates in
the segments are such that for each segment the inflow is exactly equal to the
outfiow.

(d) Only new vehicles flow into fleet segment 1. _

{e) Vehicles flowing out of fleet segment n flow into salvage. Such balance
implies the following relations: -

Nu/L), = (Nu 1)y B By Be . . g

1
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CONFIDENCE LIMITS FOR MILES PER
JOB-ORDER CALCULATION

The confidence limits plotted in Figs. 19 and 20 in Chap. 4, Vol I, were
derived by assuming that replacements of prime mobility parts were Bernoulli
events occurring in a sequence of independent trials, where a trial was taken
to be the exposure of one vehicle to 100 miles of operation. With this conven-
tion a sampled 500-mile interval contained as many as several thousand trials.
Actually the confidence limits were placed on the number of events observed,
and the confidence limits of the reciprocals, “miles per replacement action,”
were taken to be the reciprocals of the confidence limits of the number of events.

REPLACEMENT RATES AND MEAN LIVES

Replacement Rates

Raw data of the kind “at vehicle age x miles vehicle number y had its
engine replaced for the ith time” were reduced to replacement rates as a
function of vehicle age by the following calculation: Let the part under discus-
sion be engines. Let Ny; be the number of vehicles observed during the ith age
interval that had experienced no engine replacement in the previous (i-1) inter-
vals. LetM,;,be the number of first engine replacements observed among the
Ny;vehicles in the ith age interval. The ratio

Ryy =M /Ny

was formed. In much literature ky; is referred to as the hazard rate. By

recursion
np=ky Yy Yy o 10

were computed. The ry; are called simply the first-engine-replacement rate.
The k;;are estimates of conditional probabilities of first-engine replacement—
the condition being that the vehicle is known to have not yet experienced its

‘ first engine replacement. The rj;are estimates of probabilities of first-engine
replacement if it is not known whether the first replacement has occurred.
Cumulative first replacements through n age intervals are

=

7

"y cum = 1=1 Frit
For replacements beyond the first one an analogous approach was taken. Let
N;; be the number of vehicles observed during the ith age interval that had not
experienced a jth engine replacement in the preceding (i-1) intervals. Let Mji
be the number of j th engine replacements experienced in the ith age interval
by the Nji vehicles. Then

were computed, and by recursion

i lztiji,& 1.0.

jl
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The kﬁ, j # 1 are not hazard rates as were the klj-. They are merely a
3 convenient device for computing Tii, I # 1, which when cumulated approximate

the cumulative rate dérived via true hazard rates to within 0.5 percent near
the median lives. Proceeding to replacement rates via hazard and quasi-
hazard rates (as k}-i, j # 1, have been coined) removes whatever bias may exist
in the censoring of the sample between age intervals i andi+1of the kind “the
proportion of vehicles observed in n but not in n+1that had experienced j th-en-
gine replacement was o # r,, . .”

The theoretical replacement rates for major assemblies were derived by
fitting a known distribution function to the first-replacement curves and assum-
ing that subsequent assemblies would perform as well as the firsts. Let the
distribution fitted to first replacements be fs , where sis the age of the assembly
measured in discrete age intervals. Let hy; be the expected second-replacement
distribution if the second assemblies perform the same as the originals, where
i is the age of the vehicle. Such a process is called a “renewal” Frocess, and by
the renewal equation’

i
hyi= 551 fg- f(i—s)'
Similarly,

i

317 = hyo fii- o

s=1

h
and in general :
B 5 ol ey © )

s=1

The probability of replacement of any order is

The projection of major assembly replacements from 3000 out to 5000 miles
was made by deriving a linear approximation to the ky;and projecting that to
5000 miles. Then, by the procedures described above, ry; were computed and
set equal to i, and h, were computed.

Mean Lives

Mean lives quoted in the body of the report are derived by

where 4 = the mean life

r1; = the probability of a first replacement of the assembly in question
in age interval i
an age interval

n

i
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INTRODUCTION

This appendix contains the basic engine and transmission replacement
data that were the basis of the theoretical curves shown in Chap. 2, Vol 1.
The first portion of this appendix gives actual repiacement rates for the total
USAREUR sample as a function of mileage; the second portion gives cumulative
replacement rates for the two armored divisions and for the total USAREUR
sample as a function of both age and mileage.

ACTUAL ENGINE AND TRANSMISSION REPLACEMENT
RATES FOR TOTAL USAREUR SAMPLE '

The actual engine and transmission replacement rates from which the
theoretical curves of Chap. 2, Vol I, were derived are shown in Figs. E1 to E3.
The raw data and computed rates are contained in RAC unpublished doc-'ments.F®
A detailed description of the contents of these references is contained in App C.

The calculated rates tabulated in the references are for 100-mile incre-
ments of age. The points plotted in this section of App E are not the tabulated
points but are the tabulated points smoothed by threes; i.e., a point X, plotted
for 100-mile increment i is

Xp=(_y vip vt /3,

where the t’s are the values tabulated in the RAC studies.?”®

In the terms of App D in the section entitled “Replacement Rates and Mean
Lives,” the replacement rates plotted are simple (r), not conditional (k), rates.
They are r= S5 tji » where j is the order of failure. Thus they are replace-
ment rates for all orders taken together. In practice, i = 0,j > 3, for the age
range shown.

CUMULATIVE ENGINE AND TRANSMISSION REPLACEMENT RATES ®

The remaining figures of this appendix show raw cumulative replacement
rates of the major assemblies discussed in this study plus those of the prede-
cessor M48A2 tank plotted as a function of mileage and time since issue.of the
vehicles. Various comparisons are made. Figures E8 and E9 contain com-
parisons of separate plots of the 3d and 4th Armd Divs.

The effects of rate of utilization should be kept in mind when examining
comparisons of vehicles or divisions, especially when their rates plotted in time
are compared. In particular the divergence of the curves of Fig. E10 could be
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largely accounted for by the fact that the M60 tank was being used at almost
twice the rate of the M48A2 tank if one held that thé replacement rate depended
mainly on miles since issue. Further support could be adduced to the similarity
of the curves of Fig. E11. The reverse case could be made in Figs. E8 and EY,
considering that the use rate of 4th Armd Div tanks was only about 81 percent ]
that of 3d Armd Div tanks. Still other accountings are possible if it is assumed
that over a range of moderate rates of use a higher use rate results in fewer
replacements per mile, Such an assumption makes the mileage comparison of
divisions (Fig. E9) show greater similarity and the mileage-comparison of ve-
hicles (Fig. E11) show less similarity.

Replacement carves in Figs. E4 to E21 have been extended to the greatest
age (beyond the sample average) at which the sample still included 100 vehicles.
Replacement-rate curves for M88 recovery vehicle parts are exceptions to this
rule because only 83 M88 recovery vehicles were observed. M88 vehicle curves
stop at the average M88 vehicle age of 19 months.
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INTRODUCTION

Shortly after the M60 tanks were assigned to units of the Seventh Army,
USAREUR, Deputy Chief of Staff for Logistics (DCSLOG) designated the 17 tanks
of B Co, 1st Bn, 33d Armor, 3d Armd Div, as test vehicles in a study of the en-
durance of the M60 tank under continual use. During this test only the normal
maintenance support was to be provided. DCSLOG then requested that RAC
collect the pertinent data, develop a detailed maintenance history of these tanks,
and analyze these histories in terms of endurance limits.

It is recognized that this special study has limited value because the number
of tanks in the sample is too small to provide a suitable statistical basis, It is,
however, the most complete history to date of the maintenance requirements for
tanks that have experienced more than 5000 miles of continual use. erenan

MAINTENANCE HISTORY

Introduction

A comprehensive sf"udyiof several types of newly issued tracked vehicles
was undertaken by RAC in 1962. The findings of this study are presented in
this memorandum. Because it is based on a very limited sample this memo-
randum cannot be used as a basis for predicting the maintenance requirements
of a fleet of several thousand tanks. Although the number of tanks constituting
the sample is small, the data collected on them represent the most complete
maintenance history ever developed on tanks that have an average of nearly
6000 miles of utilization. This appendix is intended to show the maintenance
history of 17 tanks by presenting what actions were performed in relation to
miles of operation, what echelon of maintenance performed the work, the labor
man-hours involved, and the cost of parts replacements. In an effort to make
the data more meaningful some interpretations and comparisons with data on
other tanks are made.

For approximately 2 years, maintenance and operational data were col-
lected on a large sample of these vehicles assigned to battalion-sized combat
units stationed in Germany. Five of these units were designated by RAC as
“depth units,” i.e., units from which all pertinent maintenance data would he
collected in as detailed a form as possible for the three types of vehicles.

The 1st Bn, 33d Armor, 3d Armd Div, was selected as a “depth unit” because
it was the first armored battalion in USAREUR to receive itg complement of
M60 tanks. B Co of this battalion was subsequently designated by DCSLOG as
the unit to test the endurance of the M60 tank. Relative to this test, DCSLOG
requested that RAC prepare a paper based on the maintenance data collected
on the tanks from this company.
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Since it was the first battalion-sized unit in the Seventh Army to receive
its complement of the new tanks the 1st Bn, 33d Armor was immediately sub-
jected to close observation by personnel from various interested agencies in-
cluding RAC. Because of this surveillance some unavoidable bias on the plus
side is probably reflected in the maintenance data collected from the unit. With
the exception of B Co the collection of data from the battalion was completed
as of 30 Sep 1963; collection of B Co data continued through June 1964. Although
B Co’s tanks were still in operation in Dec 1964, most of the other tanks in the
battalion have been turned in for depot repair.

With few exceptions the new tanks were assigned to the battalion over a
3-Jday period in May 19€1. B Cu received ite complement of M6BU tanks on 15
May 1961. About a month after issue one of the original tanks was replaced.
This replacement tank was in turn replaced but it had logged over 400G miles
before this occcurred. The maintenance data related to this vehicle have been
rotatied aud ieleded i caletlatious Ppertorined throtgh its tast mileage ol
approximately 4200 miles. The maintenance and operation data collected on
B Co’s M60 tanks represent a continuous maintenance history covering 613
tank-months and 97,000 tank-miles. On 30 June 1964 the original tanks assigned
to the company had an average of 5707 miles per tank. The variation around
this average end-mileage ranged from a low of 4888 miles to a high of 6077
miles. During the 30 months for which operation data were available the tank
utilization per month averaged 162 miles. The range of average utilization for
these tauks was fiuiir 25 to 312 uuiles per wonth, The average miles per month
were derived from the data collected from the Equipment-Daily-Monthly Log
(DA Form 2408-1) of the A1 my Equipment Records System (TAERS). This is
one of the several forms contained in the TAERS logbook, which is placed on
vehicles under this system for the purpose of collecting pertinent maintenance
and operation information. This system was introduced in the 3d Armd Div in
January 1962, and the collection of monthly mileage data began at that time.

In addition to the TAERS logbook, information was collected from the
Organizational Equipment File (DA Form 478), the Current Work File (CWF),
Document Register for Supply Acticns (DA Form 2064), and Maintenance Re-
quest (DA Form 2407). For ease and efficiency the information collected was
transferred to electronic accounting machine (EAM) cards. This facilitated
the elimination of duplicate data, development of part replacement rates, and
the numerous information sorts required for an analysis.

Parts Replacement

Between May 1961 and June 1964 the records show that 1463 replacement
actions were performed on B Co’s tanks. A replacement action can involve the
replacement of one or more parts with the same Federal Stock Number (FSN)
at the same time; e.g., one replacement acticn could mean the replacement of
1 track-shoe assembly or 162 track-shoe assemblies. Table F1 shows the total
number of replacement actions, FSNs used, parts used, and total cost of the
parts replaced.

In the absence of actual overhaul cost, engines and transmissions were
costed on the same basis as that used for crediting an economically reparable
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allowed on such items is 70 percent leaving a 30 percent charge for the item.
This method of costing has been used to develop a price for major assembly
replacements. All other parts replaced have been costed at list price.

TABLE F1

Maintenance Replacement Activity
{B Co, Ist Bn, 33d Armor)

Replacement FSNs Parts Parts
aciions used used castd
1463 418 TS $115.451

afngine and transmission at 30 percent of list price,
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Fig. F1—Frequency of Parts-Replacement Actions per M60 Tank
of B Co, Tst Bn, 33d Armor

915 Tanks Company Tanks

A graphic representation of B Co’s tank-parts replacement activities by
1000-mile increments is shown in Fig. F1. The scale on the left-hand axis of
the chart shows the number of replacement actions per B Co per 1000 miles;
the scale on the right-hand axis shows the average replacement actions per
tank per 1000 miles. From this chart it can be seen that, as the tanks aged
in miles, replacement activity increased from 83 actions for the 17 tanks in
the first 1000-mile interval to 350 in the sixth 1000-mile interval. It also
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shows that the average number of replacement actions per tank in the sixth
1000-mile interval more than quadrupled the number that occurred in the first
1000-mile interval. Miles per replacement action decreased from 205 in the
first 1000-mile interval to 43 miles in the sixth 1000-mile interval. This is
indicative of the loss in reliability and availability that B Co’s tanks are expe-
riencing as their age in mileage increases. It will also be noted that although
maintenance activity invelving parts replacement increases as mileage in-
creases, it increases at a slower rate.

In Fig. F2 a comparison is made of the parts-replacement activity per
tank of B Co with the battalion less B Co and the total battalion. During the
first 1000 miles of operation the replacement activity of B Co’s tanks was
about the same as the rest of the tanks in the battalion. Over the following
2000 miles of operation, B Co’s tanks performed somewhat better than the
other tanks in terms of parts replacement. As illustrated in previous figures,
this figure also shows the pronounced increase in replacement activity that
takes place in the third 1000-mile interval. It will be noted in the fourth and
fifth 1000-mile intervals that the battalion less B Co shows a decrease in re-
placement activity. The recorded replacement data provide no indication as
to why this decrease in activity took place. It may have been caused in part by
the anticipated turn-in of these tanks for overhaul. It is also possible that
maintenance work was performed but not actually recorded.

Figure F3 presents the total quantity of parts replaced on the battalion’s
tanks and the average number of parts replaced per tank by B Co and the
battalion less B Co over the several 1000-mile intervals. This chart is based
on a count of the individual parts replaced as identified by FSNs. For example,
replacement of a complete set of tank track would be recorded as 162 track-
shoe assemblies, FSN 2530-337-6969, and such recordings were counted as
162 parts. When the previous statement is related to the mean track life,
which for this battalion was found to be 2205 miles, it can be deduced from
the figure what degree of impact track replacement had on the number of parts
replaced in the third 1000-mile interval. The chart further provides a good
indication of the volume of parts required to support a battalion of tanks during
approximately 2 years and 290,000 miles of utilization.

The parts (identified by FSN and nomenclature) having the highest frequency
of replacement demands for B Co’s tanks are shown in Table F2. For compara-
tive purposes the frequency of replacement of these parts is also shown for the
1st Bn, 33d Armor,less B Co and the 2d Bn, 37th Armor. From this table it
will be noted that parts related to the suspension system have the highest in-
cidence of replacement. Only parts that had been demanded in 15 or more
replacement actions were included in the list. \

B Co’s maintenance records show that 11,777 parts have been replaced.
When these parts are identified by FSN it is found that these 11,777 parts
represented 418 stock numbers. An analysis of parts replacements in relation
to FSNs is presented inFig. F4. From this chart it can be seen that 57 percent
or 238 FSNs were replaced once whereas only 17 percent or 63 FSNs were re-
placed five times or more. Of the later FSNs, 23 are related to the parts
nomenclature listed in Table F2. Starters and road wheels are identified by
two individual FSNs each. The distribution shown in Fig. F4.s very similar
to that of the battalion as a whole and to that found for the 2d Bn, 37th Armor,
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4th Armd Div. The distributions of the FSNs used by the 1st Bn, 33d Armor,
and the 2d Bn, 37th Armor, are presented in Figs. F5 and F6 respectively.
Although the distributions shown in these figures are quite similar when they
are considered in relation to Table F2, it can readily be seen that a stockage
list based on any one of these units would not provide an effective list for
either of other units. (A list of the parts replaced, identified by FSN, appears
in Table F3.)

TABLE F2

Federal Stock Numbers Most Frequently Used in Replacement Actions in B Ca
Compared to Their Frequency of Replocement in the 1st Bn,
33d Armor, less B Co and the 2d Bn, 37th Armar

Replacement actions:-per 1000 miles

FSN Nomenclature
B Co® 15 Bn, S8d, Nrrr. 2d Bn, 37th Armor®
less B Co

1220-675-1173 Computer 0.154 0.018 0.007
2815-679-1963 Engine 0.165 0.078 B 0.188
$6105-873-5379 Motor, blower 0.154 0.128 "’ 0.029
2530-78 1-9293 Plate 0.154 0.037 —

33;8:;;2:;;‘:’2 Starter 0.165 600 0.442
1240-676-2178 Telescope M105C 0.165 0.005 0.01.t
2530-602-5741 Shim 0.175 0.073 0.051
2530-678-3159 Retainer, road wheel 0.186 0.201 0.058
2540-711-0661 Seal 0.186 0.164 0.051
2910-678-3490 Filter, fuel 0.166 0.151 —

2590-693-3604 Seal, hatch 0.196 == —

2540-678-9030 Seat 0.196 0.123 —_

5315-769-9609 Pin 0.237 0.256 0.181
6240-019-0877 Bulb - 0.258 0.119 0.59

2530-318-0229 Sprocket, F. O. 0.320 0.178 0.290
2530-602-5740 Pin assembly 0.330 0.128 0.116
6240-368-1972 Head lamp 0.371 0.151 0.181
2530-678-3161 Excluder, road wheel 0.381 0.379 0.261
5330-678-4753 Seal, arm assembly 0.381 0.129 0.428
g;ggféféﬁg Wheel, road 0.133 0.301 0.239
2530-337-6969 Shoe, track assembly 0.526 0.452 0.311

85700 average miles/tank.
3800 average miles/tank.
€2500 average miles ‘tank.

The replacement rates of a number of items selected because of their
high-dollar cost and importance to tank operation are shown in following
figures. B Co’s tank-engine replacement rate is shown in Fig. F7, where it
is compared with the engine replacement rate of the battalion less B Co and
to the rate of the total tank sample (640 tanks). From the comparison of B Co
with the battalion less B Co it can be seen that the company’s tanks over the
first 100 miles of operation experienced a higher proportion of replacements
than did the other tanks in the battalion. If these early replacements are
ignored it will be noted that the replacement rate of the B Co tanks approximates

RAC-T-460 71

3




' SIsqUMu PIPIOIAT S8 PIPNTOUT 4NQ G4 HUTsq 10U SsB pezTufossys
- m i T ] 2520 Lol GooT B
i z 1520 LOL $00T UTE
F G L € 2960 057 00T Suradg
w r T 22€0 003 $00T £ssy *413¢
= r T QTE0 059 ¢0CT
X ¢ z STEC 039 $00T
z 1 1 #OEC 039 G00T SPTTS
5 L : T TCEC 039 $00T BELELN
4 T T L£28 059 $00T
F S T 2050 0T9 500T uTd
2 € £ COEC 508 SO0T HIIDG
1 L T 9150 009 $G0T oTsuRLXy
. I T 5568 009 S00T 20708133
H ¥ c 9962 T4$ S00T £ssy *ped
: T T 2020 136 GO0T urd
4 I T 022T $85 600T . ePITS
- T T T69€ T0S $00 Butadg
¢ T T 9T5€ 0§ §30T Sutads
- i T 5199 65€ €00T drap
¢ ‘e It T 9€L9 66€ 0T dnp 20T
= g 2 1599 66€ S00T DIENG
3 T T ¥0560 L0 T00O eI “yuel
T 1 *0EGE 980 T0OO Lssy DY
2 T T «hSGT 9.3 0000 3ITH
4 T T #09£2 g€g 0000 2104
T T #0£9¢ 1AL 0000 Lssy "D D
m T T #7190 091 0000 oY
T T *0G9t 0mL 0000 REisac oy
& T T £819% 07T 0000 soordg
g T T *£200 000 0000 1898
& T T ¥T200 000 0000 oY ‘1Ees
P T T ¥gTO0 000 0000 Iy
X T T *TTO0 000 3300 %007 ‘utd
= it 6656 [ 564G | 6661 | 6Ahq | 66GE 66mE | 66062 | toneg | G66T | 66MT | obo | 6ot Dpaprodsy
usy -0055 1-0006 | -00S+ | -000% |-005€ | -000€ |-00¢z |-0o0z | ~005T, | ~cooT 006 | -0 SUOT}Y - o o i
PapIodsy ,_ qusmeon [dag jagety 847 1BTOUSWON
GEEECINY SUCTI0Y qusudoeTday B

NSd 4q payjnuap
sind juawadnjday papioaay syup] (9K ‘2owiy psgiug sy’ 0 g
. £d 378v1

RAC-T-460

72




P T T 975 T2t 016z Futads
i T T 702 550 £6h2
% T T 092 9EE o9gnz JoyenIay
iy T T +0T6 299 03t Suryeng
: T T 2 4Tfe 959 02te zeyme 4Ty
T T T QL9% QL9 05T
T T T 6£90 1L S28T Futadg
£ L _ T 0588 Lak $99T surads
¥ €T | € 9T QLTE 9.0 oxeT oo adonsaTal
1 T 1 €LTe 919 Oz Z5puTy ofumy
ok g L g I T : L 9ENT 219 Onel qs58apRoY
. 5 i 2 2 5 gGLL Y19 o%2T 15538l
g T i a5o 555 onat qo3TAS
1 S T TLOG 9HE On2T 3saIpRaH
i & 1 w$Ho 959 0ZeT zegnduo)
12 £T fe ¢T €LTT $19 oz:T zegnduo)
m. L 1 1258 00 LSTT utd
5 it T 1999 65€ 50T 4o3TAs
3 I T 996y ££g STOT Trous
W ; e T £ STy @lg ST0T >
E. i K n RI€7 9L $T0T Sugy
- N T 4 i 70€4 L9 GTOT J1070BI38Y
g T T g0€H 9L9 STOT 2090811
= T 1 204 9u9 6T0T utg
3 K g € Lé2n glo 10T JOVDEIGHE
& T T z 962 8Lo STOT J10308I9%H
1 T T glen Lo STOT utd
b T 8 5 €709 %29 GT0T MoRg -0l
A T T goel. 519 STOT ysnag
m. i T €200 L&Y SO00T 1708
- g z 2906 0LL S00T proTge
3 L T 6£80 69L S00T Futads
P I T €490 +9L, €00% Sutadg
£ 2 2 2129 ol G001 T3400)
i I T 8514 £EL §00T
- T T 0800 TEL €H0T uTd
k L i 2 4ol $TL $Y0T REECLNEY
e 6666 | 667G | 6660 | 68hn | GEOE | 66nE | 46be | 6bna | BRAT | 66wl | 666 | &on PESERY
e | -00S5 170006 | -00sH | -000 |-00s§ | -000¢ [-006z | -0002 | -006T | -000T | ~005 | -0 su0TI0Y o ——
Pl AususoeTdey = v ;
ageIany SUOTLOY qususoeTdsy TB10]

(penuyuod) g4 3g9V1

73

RAC-T-460




m it i it T T 4 %922 §0g 0Lse ; GUo) AL T HTA
3 T T 0616 200 0663 | aFeuTT
439 W g g T kit LT LG 209 08se WS
i 7 P ? K s T L T 1 19 onlS 209 0£52 Assy utd
: : L ¢ | © 9 6ELS 209 0853 a8equT]
T i 2 T T T 9 8ELS 209 0862 agRuT]
J T 0L0OG 65 0EST SurIead
; t t S 6870 0LS 0€s2 apTy I93us) ‘3T
; ! I 9L 90§ 0£52 uid
- T T 1669 GLy 0£52 B
T T 9txz £6§ 0562 90T
it i T 1 8 6 L 4 T | e 16 6969 LEE 0SsT yorag, ‘20ug
& 6 3 R , E L T 1€ 6220 OTE 0£62 15300405
: T T CEeT 002 0£57 Toaup]
T T TEQL 9LL 0252 1958D
= K -2 c T T £ £ YT zfzl 0LL 0252 19YSED
A T T z 6Lyl 6L 0262 uoRl ‘4Jeus
m.m € ¢ (06 260 0263 | uOTSSTUSURLL, ‘SATEA
; 3 I ¥ € €l6e €.9 ozse Io%q TWEUBIT)
5 : F ’ £ ££6Q fLL 0252 UOTSSTWSUBL],
3 T T 6LEG 0L9 0282 TOTSSTUSUBL],
2l t T £ ! f 6 02Ty TS 0252 BurTdnoy
m t T F6TE G9% 0258 07 BTIMDDY
! T z 06 €95 0263 zo9depy
m T il © T T T 9 G966 T9S 0262 43MSED
- E T 0LCT 665 0262
= : T 9800 2£€ 0268 wrug
L & f QL00 2E€E 0ese Futads
m [ T 4 2L00 2EE 03he £s8Y J09BRIOY
£ b T LZTS 96L 0762 953y Yord
= 4 T E g gglz 6L ot dweTs
= E g T . 7 £T6g 269 OTSE Tea0
E T o9y T69 0748 2800
. g T ¢ ZLTT 069 0162 uoTyYsn)
: £ E it 9.LnE 8Lg 0162 Sutread JATTOY
: : T 960z TE€9 0TS xog
: 3 g 6z 096 0142 § 12UTBYY
o - L. T 6665 _Tek 0162 Suradg
qmmm mmm mgm gaGr | 6onn | 665C | Bont | 6662 | Gowe | 66T | 66nl | 6b6| €Gn|  papiodsE
onlt 000! 00SH |-000% |-00SE | -000€ | -0052 | -0008 00GT | -000T |-00G] -0 p:wﬂmwwwmwm isd S —
S3BI9AY SUcT3oyY suowsdrTday Te10L

(penunuod) €4 3NAVL

RAC-T-460

<t
~




[ —

v
-
(- ’, T T T 2 € T 6 9%Lg 069 ox%E ¥ooyg ‘I8GI0SaY|
5 2 3 n g £ 51 0505 8Ly onsa jueg
g T T 0l19 9Lo onsz qeag
il T T 69.9 §l5 o%52 Butadg
" ¢ ¢ it S STeh g9 ons2 LoTYRTEUT]
E T T 0lTy QL9 053 drasg
i L T 15TH glo onGe Sutysng
H T T i & < 9592 T9 0%52 STPUEH
& T T OREE $35 0163 utadg
i L T 66T 670 0452 O3 TAG
& T T )9 6£0 OR52 10edg
- T . T ohiS 299 9853 uL]
i c T ¢ 76g2 TLg 06z L]
S S i T 4 2 T ST £626 3L 0£5 838Td]
s 2 e 2lon 9tL 0£s aniy
S T T 002 9€L 0gse qnH
€ i i T T 2 9. €T 9fL 0£62 72y001ds quij
! r c 2 1162 90L 0£62 Furadg
g iL T 0J06 659 0562 FuTIEed]
L g I £ Ul € T 7T HOT6 259 0552 Futysng
T 4 2 T9TE 6.9 0E52 ISPNTOXY
I [ T 7 T T 5 L6TH 8Lo 0ESe 29.8Td]
B T 3 f T 6 96T 9.9 0§62 | T -dng MIL ‘OB
& i 8 ot | g T T n€ 536 9L 0553 @ Teou
©oT g < T T 1 g €CTH gL9 0EST NERREELT
; S T T 1€TH 9.9 0E6E an)
T 2 T T f 06Ty gLo 0€42 3701d]
0L 8 g i v T 6 8 T L£ T9TIE 99 0£58 ptH “XopToNT
O T : T 091E glo 0f4e 13pnToxy
£of i T 9 f T 4 9T 65TE 8l9 085e Feursiad
- T T 2 LGTE gLg 0L6e WIv]
F. T T 26TE glo 0ESe jussy
S Z i o QnTE BLY 0862 £sey wry]
9 i T T T 11 INTE gL 0f6e Lsoy w1yl
T 15 T 920t gL9 ofse 2381
e T T LT0¢ gl9 ogse s
= T T ol 259 0852 utd v
SanoH G6HC | B6NG | 666 | Gbih| 66LE | 6oME | 6obe | 6hhg | 636T | 66nT| 556 661 PIPIODBY o
BN -0065 |-0008 | -0064 | -0007 | ~00SE | ~C00E | -00S2 | ~0008 | ~00ST | -000T| -005 | -0 SUOTROY ’ ©
PapIocOTY qususorTday ned 3INLE [UDUOH <t
s8e1say SUOTI0Y quausdRTdey i T80T mk
t
(psnuijuod) g4 3@V L @)
<
o




I T 4 T 7 3 9 51 055E gL9 0162 a0 ‘U9 TTA
2 i 2 ¢ 00%€ QLY 0Toe sTzzeN
(€] 10 T T T 7 g6z 9L9 0762 R S0
= T T z 2oet 8l 0Tée 123714
i T T T € ahes §Lo 0To2 REN L
g T T 172 gL9 0T6T 38YSB)
¢ 0T T g T b gHe6 Ly 0Tog
g T T £90L €9l 0T6C
66T T T T T 7 €008 €i1 0T6C
i i T 4929 790 0162
7T T T T T 2 € T € 2 ST €964 6.9 ST82
i T T 9Tet 9.9 G192
5 g i 2 $TeS gLo $18e DTOJTUsH
el T B T 2 1 4TeE gLS GTge PTOITUBH
- T ’ T £12€ gL9 STge PTOITUBK
0T T T %gL3 Lol 0192 °TZZ0N
F T T 92 §L9 0Llg ad1d
T T . T 0g9T Onl 0662 FuTIdG
5 2 4 £o0% GEL 0652 qo3TAG
\ € T 4 #9€6 TTL 065S paBEN)
- c 2 9 6 6T 109€ €69 0652 eS8
T T T o6hE €69 0562 a8
= T T qLhE glo 056E FEXEL]
T T T 064E €490 0562
- T T 9L9¢ G20 0652
g F € 7 094t #5g 0rSE Teag
([ i T (56E9 6L onse 3TN
G T T T990 GAL OnSe
H # q 9990 TTL O%%2 295
= T T £990 TTL 0762 13000
T ki L f 2 T [ T 9T T990 T On%e . Imes
T it % T € £ e 21 £2q0 69L onse “aiqesy
= T T GE6T 99 OHGE Bas
G e € 1 € Tt 016€ Lok 0n5e ¥
G 0 T 6T2g 90L onse
= i T T € QTe6 269 Onse
i ™ T LET6 269 07se !
< ; Z 2 1 £T6Q 269 0nSe
SINOH GB6C | 66HG | 6obh | Gbhh | 606t | GonE | 6602 6otz | 6661 | 66MT | 6566 661 EEEGEEN
el ~0066 | -000G | -00%H | -000% | ~00GE | -Q00E | 0042 | -0002 -Q06T | -000T | -00G | -0 SU0T}OY e 5N BTOUBUON
PSPI0OST quaweoBTdSY
sdexany SHOTaoY juswsoBTdsY 8108

(penuliuod) £4 3GV L

RAC-T-460




|

9 T T gloy 9Ls 0562 (B4) 981EYD 0qINL
L 1 T 2 LLow 8L9 0662 (H1) xe8xey) ogInyL
= T T 2 792€ L9 0662 adrd
c 2 2 262€ §L9 066 adrg
G I T T . € TS2E 8Ly 0662 adtd
& 1L T 062E 8LY 0662 adg
= T T 7130 798 016 I24TTE
i T T £g6g 92L 0%68 TarTadur
2 T T 829 669 OH6E 18¥SED
T S g LEi% glg onsz ST3Ieq
v T T 9€Ly 8L9 Onbe
c c g 2€in 8Lo onbe 950}
e i T T s T gt Qlet Lo onbe RV ELS
5 T T LL2E gL9 onbe 39%58)
[ z T T f T6TE €19 0n62 asoy
o J T T £929 0g5 OWse 193 TTd
- T T L1994 L9 otbe US2I05

ST 1 2 T € £€L9 168 02be feTay
T T T 2EL9 168 02h2 asqaetg AeTsd

69 s 2 T £ T 2 0T GLTT 98l 0262 JI03BI8USY
T T T 9279 #TIL 0352 HUING
& i £ 7 9192 95L 0262 1930838

69 f € z 1 2 2T 25LT OTL 02he 1831835
i T T 2 #Geh 8L9 0ehT £eTay
= T T G980 G 0252 £eTed

25+ T T T G T T T T 792 9E¢ 0262 03BNy
T T T 09€h $EE ocbe 10387y
¥ 18 T 2189 Log 0162
5 T T 29€9 6gL oThe SATBA
= £ n T o 7655 69 0162 Assy dung
9T T T #8LQ LOL 0TA2 aTzZoN
i T T 2gl8 LOL 0762 TESg
% T T Q665 LoL 0162 o8y
i T T 9gHT 619 0TE2
E T T 6996 8l9 0TEZ RS
7 T T 59€6 glg n15e 1OSED
g T 2 ¢ £loy glo 0152 dumg

SINOK 6666 | 6645 | 6664 | 6onn | 666E | 66uC | 6602 | 6ong | A6OT | 66MT |- 666 | 664 DAPI0D

ueR -00S85 | ~000S [-00S% | -000% | -00GE | -000€ | -005g | -000g | -00ST | ~00CT | -005 | -0 SUOT4OY NSl SAM1BTOUBHON

Poapaoosy quausoeTday :
58BIuAY SUOTIOY juauwaoeTday TEI0L

(penuniuod) £4 37gV1

7

o
©0
T
E
0
b
o




el e

1

i

—

~

¢

[SVRS\iN ]

£

W M W |

—

~

—

—
«
QN

4
<
T

— -

P Y R N e R R K K M o e B R

Olm\a OO A e N oy

SINOH
ey

POPI0DIY

938I9AY

6665
-0066

6645
-0006

5664
-005H

Gonh | 660€ | obnt | 69
-000% | -00SE | -00CE | =905

s10130y uousoe(day

G | Goat| Gont| 540
-000¢ | -005T | ~000T -00%

ook

PERECEE
0TV

queLadBTAMN
e300, 1

€TET
8Ty
€TET
00L0
€121
803¢
1280
00TO
7okt
L6Y0
69T
ROTH

0666

LEEE
ATTS
Qeel
£)69
LE09
7500
023L
0994
80en
2Tl
£QTT
ge2e
91€9
QrTI
7890
L19¢€
2Ll
7076
G686
LT9¢
STTE
7290
€560
LECO

$65
ige
€05
gEL
6oL
433
882

050
1£9
91
i
T
™9
00T
00T
£
259
5T

00T
00T

5134
199
#5154
gogs
GOES
QOES
e} 94
SOLS
90124
ones
4919
0eTs
€85y
028
0zgh
0Ly
otly
oty
o€t
SELy
0LLY
ot Ly
oely
02Ln
o167
02ty
0ToN
0£6¢
OTHE
908
02TE
oTTE
OTTE
oT1E
oTTE
OTTE
oTTE

#8103
2704
1106
1704
Hoadg
ERGI
naI2g
FLER S

3704
Butads

utd

Futaseg

1708
Furresd
Futaesg
BFUTIED

Estaty]
FurIusg
Furarsg
Furaeag

Y

1Zd

(penutiuod) g4 378V1

2aN7BTOIBUO

.

RAC-T-460

[ee)
5




[al)

m'ﬁr—l"(r‘fr—i(\[r—‘r—(«“"\r—-‘:—{r—dHHMH:—!:—!V"H—Q‘U\:—IHP&H\UHW‘\

s VI

i
Bl
d
4L
atd
hichR Mol
arg
futadp

IYSEY

EXe

PENES

aaysny
ITYSBY
REI 5T)

oo

Hoang
aTOq
ST

g Ir ] % 9 ¢ T T
< T
s S T
= T
i1 T
3 T
= T
i £ T 1
o 2 2
P T
¥ L
g 1 .
> T
s IT
® T i S
g L
T T
= T .
i T
(24 i
ST I L T
o T
3 T
5 2
= T
= T
= T
o T
& T -
5 £
= T
& T T '
g Ot 4
¥ T
oF, T e T
= T
b [
i i
SInGH 6666 | 66m5 | 365 6o | 366E | Aont| Baca 6502 | 655T | soml] ooo | 30
1= -0086 [ -000S | -005% ~000% | -00S€ | -000€ | -00$2 | -0002 [-00¢T | -0, CT ] -206] -0
PIpIooRy
aderaay SUOTFIY JUoWeoBTdoy

BO; |

{penunuod) 4 3gy)

79

RAC-T-460




. i P . .
5 T T 7189 236 4558 qouy
o 1L T 0105 LS 5656 qouy
" L e 2 T ot wonn T2R 0RES o8uTy
s e 2 6810 979 OnES utd
il T T 22,8 GT19 07€8 uty
¥ I T 2 ogan o%L o%ES Sutadg
2 T T 5104 ol 0%ES Surads
& T T SL9T onl oEs FuTIAS
s T t £€6L 002 0986 futysng
i T T SonT 297 0485 nx3g
i T 1 TLin 913 oqEs goyey
K I T z 352 7 omks Butysng
& T T 26Ty 007 0ES yozeT
T T T L5%5 Lo on€s Surads
7 T T 6684 066 2rEs TE3S
T T T S3TE €45 OmES deag
G g C Lns€ 98¢ onts suty
g <. 2 68L0 JIE 0785 utd
i1 T T TLin 9le 0%ES 03]
& T T 26€9 002 dmfs Suradg
9T T T z 0S€9 902 MES Jutads
8 4 I B 4 4 1 5 2 F L€ Kooy way ‘Teag
ki T 2 - oo
ot . " T T opnToNE
i I T T L
1 rgor
G° i T I
T 1 T [vag
% T T .
1 i T “Tee
¥ T . T TRo0
€9 [ 2 3 T 1 | TROC
i 1 T
i 1 T RETTH)
i 18 T 1DEMOT;
c i 2 T T £ 3) 1
E i k- 2 L
SION | 8855 | 400G 665h | Bonn| BGAC | GENE | Ghhe | Bong | GAiT | BonT| 45 | 5o DopAOT
By -004S | -0006| -006H | -000H | =005€ | -C00E | -00% |-0002 | -00ST | -000T | -0CS | -0 SUOTLTY . . '
EREI0 ek quswsoeTd R ot
2FBIOAY SUOT}0Y QusmaoTTIny TR104

(penuiiuod) g4 37gVL

RAC-T-460

80




I T T 7103 S0L 6710 |
¢ I g 2 T T oT w¢2z 160 ofT9 | freyqeg

< z i 7 g S 59 5LES €9 SOTO I00K
b T t 2 2 9TLg 0§ S01° 20201

3 T 2 ¢ 910 ££€ 6OTO 10104
i T T 706 669 0p6S FELES
5 T 1 7€99 TLL §153 0}
Il T T Z 3 L Lol2 ong S#5S feTog
2 : T T onls 210 $7i¢ ReToy
I e T £ g%z aly St feTo
H T T LG0 €EE G 6 Autes
T T T 1968 €£Q GG JO709TU0D

& I e € Cwé Sl 6856 101021L0D

> g 2 oo 26 5658 A01DDUUOY
I T r 965 993 565 nTd
L T T z $HER 9L D656 yogTAg
- I T z 9Ty L. 5.6 UoITAS
T € i T T 2 3 Conn €0 0858 YO4TAg

g T T T ¢ 60 2Ll €5 [oatag

5T ¢ T T it T L g £ IR, 552 s 401 TAS
R € I % Cgn 53 966 ya31As
f € g T o 4805 555 2536 4o3TNG
§ I € T g o G un1TAS

& T T 7 agep
T T T z g1 I971 TUISHRL],
: T T 9505 WBTTEESH
3 T T g4 YorTag
i t z €6 yaTag
% ; T T 160 YOYTAC
I T T . Lok Jeuagg 4TaIT)

o T 1 14 Foaag 4TAITY

g £ u ¢ Lol 92 Gt SeRtOdE 3TA0ITD

& _ T T z CHTT 238 $06 Y59 SO0
I T T 3657 992 636
£l t _ 1 35T 295 €50
= L T £o0n 564 05M8

SIN0] 5666 1 6676 | 6b6n | 6644 | 6365 | Annt | 6oz | o6hg | 666T | Ao4T | 665 POTIODTY

etz -0068 | 000§ | -00SH | -000% | -00SE [ -000E | -0052 [ -0008 | -00ST | -000T [-00G 5 TLOV o AT

PSPIOOBY i o i
age1ony SUOT307 AUsusoe[day T304,

(penunjuos) ¢4 3@V L

81

RAC-T-460




Sl T T T ¢ 9onL 2Ll 0839 5300 s ]
T T T 2gnl 26) 0899 yorl, ‘3Izyg
" I T 267G /TG 0890 231
H T T 0€€0 §6L 0299 o5y,
i 8 € ir gt € € € T [ 9¢ 2lsn 998 0nz9 dues peeH
o T o T 2La 99€ On29 WITT
7 T T T T 7 Q992 642 029 duwre]
i T T G466 992 N2 qmg
il It [ 4 7 onb6 992 OHES dure]
i T T T £ HTLg GST 029 drre
1] T T 6864 54T orEg dure
= T T 9£gL GST OnE9 durerT
= g € & T 5 7169 170 0420 dure]
i ik T On66 6TO 0129 qmg
= 9 T L 2OTE 6TO CH29 dure]
= k T T 2 T 2t £50€ 6T0 0729 qmg
d T T 2 2508 5TO 0N qrmg
= T T 7 1880 670 29 suoT
- T T 2860 A10 0n29 U3
59 9 £ 4 g S T T T T 52 LI30 5TO 0n23 ang
= T T 85L0 6TO 429 amg
w 4. 2 2 9 0209 26L 222 J00Q
3 i g z 7656 26 0ZZ0 sua1
il i T 0lng Thi 0222 BuTsnoy
S € T 1 9T Thl C3ey BTT
i i T #3918 669 0820 sud]
- e . T SOTR 59 0229 J0308TF
o 15 T 2 1018 659 ©229 susy
3 T T S0TR w09 0823 J0309TJ9:
5 i T 622y LGS 022y sua]
Tl T T c f Cong LEE 020 dure'T
& T T 4 Sznl blz oz sud]
K e z €T Lh0 022 159sED
i T ¥ T ¢ 56Ln 920 0ges 3L
c T T 919¢ §20 0222
i £ T 90TE-CTE-SHTY
i T T €900 2Ll Gq1y 5ITH
SINOH 66651 66uS| 666% | G6nn | ABRE | AARE | G5fe | S| 66T | AOnT| 666 |65 PEPIOOST
uey -0066 .-OOOm -00Gh | =000 | ~006E { ~000€ | -00%Z | 0002 | -006T | -200T | -005 | -0 SUOTIOY HSA 5 MY ETIUSON
PIPI0IBY quawsoeTday
23RIaAY SUOTRIY quomnSL | 12y TB30%L

(penutjuod) g4 379V 1

RAC-T-460




Sig) I menEs 6 992 €02 90T | 9fT | 60T | #i 62 26 | TE E9T TVIOL
i T T G6Lz $08 G066 J0303TIeY
1 T . T S6LT G028 €056
- T T 9500 164 G055 2ITH
) n € @ T T T 4 €T 9TEg TLT 0BE5 Tesg
T T #8590 00T OTT6 auop
. g g G665 HTG $899 20983 TPUT
T T 5 2 4 Gons HIS 5999 10382TPUT
T 2 2 1 4 £6HS 1TS $899 a5e)
— T T 26ohS w16 899 agen
T - T T T ¢ 06 416 $899 Bl
= T € T 4 6£9T 906 §099 I593 TUSUE LT
z T n 1 N 2 o0¢ EE€€ 6999 §eE
I 4 T 5 95£0 9LL 0899 aoqsuopaade
mmmmm Mwmm ‘mmqm 6651 | 66mY mmmm 6nE | 6bhe | 6bhe | 666T | 64T | 666 | 661 EEECEEN - .
Br A 000§ | -006% | -0007 | =00SE | =000€ | ~00G2 | -0002 | ~00ST | -000T | ~00S | -0 Pgwmwwwwwum NS 2213 ETOUDUO}|
aFesony SUOT30Y quawsdeTday Te1oL

(penuniuod) €4 378VL

83

RAC-T-460




84

CUMULATIVE RATE, %

CUMULATIVE RATE, %

100

80

o
(=]

B
(=]

20

100

80

60

20

f T I T T
’
’
4
7 4|
/"--‘
Rt
-’ B Co
/ bl
v
USAREUR W
sample ”
/ =
/ _
e ol
15 g //- =
[
/’ ’ e \ 33d Armor
,, Ve less B Co I
R A4 -
" /
——
— e dpem — | I L 1
1000 2000 3000 4000 5000 6000
DISTANCE TRAVEL ED. MILES
Fig. F7—Rates of Replacement aof Engines of M60 Tanks
T T I T
B Ca 7
g
LUSAREUR i
sample = * e
1000 2000 3000 AQNN 5000 6000
DISTANCE TRAVELED, MILES
Fig. F8—Rates of Replacement of Transmissians of M60 Tanks
RAC-T-460




the rate developed by the other tanks in the battalion. From the comparison
made between the engine replacement rate of the total USAREUR sample of .
640 tanks with that of B Co it can be seen that after the early replacements

the engines of the company’s tanks performed somewhat better than did those
of the total sample. The replacement rates related to the total sample are
shown on the several charts only up to 3200 miles because the number of tanks
having experience beyond this mileage is relatively small. The Same compari-
sons as made above are shown in Fig. F8 for the tank transmissions. From this
chart it can be seen that, as was the case with engines, B Co’s tank transmissions
did not perform as well as those of the remaining tanks in the battalion but did
outperform those of the total tank sample. It is also quite obvious from this
chart that the replacement rate for transmissions is moderate even out to

6000 miles. From these comparisons it can also be seen that all tanks in the
1st Bn, 33d Armor, performed better than those in the USAREUR sample. This
is shown by the change in direction of the replacement-rate curve for the
USAREUR sample tanks that occurred during the second 1000 miles and the
more pronounced slope of the curve.
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Fig. F9—Rates of Replacement of Track-Shoe Assemblies of M60 Tanks

In Fig. F9 the same comparison is made for track-shoe assemblies. The
track-shoe-assembly replacement rates for first, second, and third replace-
ments are shown. The first replacement is the replacement of the original
track shoes. This figure shows that all the original track on B Co’s tanks was
replaced between 1900 and 2800 miles and that the other tanks in the battalion
had 100 percent replacement between 1600 and 3200 miles. From this chart
it can be seen that although B Co experienced track replacement somewhat
later, the rate of replacement was very similar to the replacement rate for
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the other tanks in the battalion. Based on the data from which the first replace-
ment curves were derived, an average of 2200 miles was calculated as the life
of M60 tank track, and this average can be observed by an examination of these
curves. It is believed that this track life represents the most accurate figure
available, for the track supply situation at that time was such that it could
readily meet the demands. It is quite probable that after that time numerous
tanks continued to use track beyond the period where inspection justified re-
placement. This may have occurred because of the general unavailability of
tank track and because of the unsatisfactory experience of 1st Bn, 33d Armor,
willi Tebullt trask. The low nifleage e of the firet réplacoments ¢ be seen
by a comparison of the first and second replacement curves of the company or
battalion. It is probable that the first replacement track was a combination of
new and rebuilt track. The quality of this rebuilt track can be demonstrated
by the decrease in mean track life from 2200 miles to approximately 1400 miles.
It also appears that the second replacement was affected by the use of rebuilt
track. Although the replacement rate for the USAREUR sample shows that
track reptacentots ceemescd mibih ceaminik the flvee | Jir i e albe e 10Ul
miles the rates curves are quite similar. Tank experience beyond 3000 miles .
was limited for the total sample and beyond 4000 miles for the 1st Bn, 33d
Armor, less B Co. This limitation is reflected in the replacement rates in this
and following figures.

The replacement rates for two additional suspension-system parts are
presented in Figs. F10 and F11. The replacement rate for the final-drive
sprockets shown in Fig. 10 is similar to that of the first track replacement
but occurs later in the mileage life of the company’s tanks and later in the
mileage life of the battalion-less-the-company’s tanks. A rotation of the
sprocket wheels was made at approximately 1400 miles. -For the USAREUR
sample the sprocket andfirst-track-replacement rates were the same out to
1600 miles. After this mileage, however, the sprocket-replacement rate was
less pronounced than that of the track. On the M60 tank the road and idler
wheel are identified by the same FSN and the replacement rate developed was
based on this rather than on the position the wheel occupied in the suspension
system. The replacement rates based on quantity for road and idler wheels
is presented in Fig. F11 and shows that this item required only moderate re-
placement through 3800 miles in the 1st Bn, 33d Armor. After this mileage,
however, B Co’s curve indicates a marked increase in wheel replacement.
The replacement curve of the USAREUR sample is very similar to that of the
battalion out to 2500 miles, at which point a more pronounced replacement
rate begins to develop. The replacement rates for generators, starters, and
fuel-injection pumps are shown in Figs. F12 to Fi4. For these parts, as for the
previous three, B Co’s tanks experienced somewhat better performance than
did the other tanks in the battalion or the total sample as a whole. No effort
has been made to extrapolate the rates pertaining to the battalion less B Co
or the USAREUR sample beyond the actual data experience. Although additional
replacement-rate comparisons could be presented it is believed that the samples
offered apove are sufficient to demonstrate the replacement experience of tanks
with nearly 6000 miles of usage and to provide some worthwhile comparisons.

From the data collected on part replacements it is possible to differentiate
between those made in relation to scheduled maintenance from those performed -
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as nonscheduled maintenance. A graphic presentation of an analysis made on
the above basis of the replacement data from B Co and from the 1st Bn of the
33d Armor, less B Co is shown in Fig. F15. From this figure it can be seen
that a greater percentage of maintenance actions involving the replacement
of parts occurred during scheduled maintenance .on B Co tanks than on the

100 = — ; ] :

80 —

[
=}
T
|

40 + -

33d Armor less B Co
/

CUMULATIVE RATE, %

USAREUR

0 1000 2000 3000 4000 5000 6000
DISTANCE TRAVELED, MILES

Fig. F14——Rotes of Replocement of Fuel-Injection Pumps of M6Q Tanks

battalion less B Co. The total number of replacement actions represented are
1463 for B Co and 2835 for 1st Bn, 33d Armor,less B Co. The percentage of
the quantity of parts replaced in the performance of these actions related to
scheduled and nonscheduled maintenance is shown in Fig. F18.

Adjustment, Repair, and Replacement

Based on a broad and thorough review of equipment logbooks it appears
that more cmphasis is placed on the recording of information pertaining to
parts replacement than to the adjustment and repair type of maintenance per-
formed. The-latter actions, however, are of no small consequénce in relation
to time, labor, tank performance; and money. As mentioned previdusly, the
data bank for the “depth units,” 1st Bn, 33d Armor, and the 2d Bn, 37 Armor,
contains all recorded maintenance actions. An examination of these data shows
that only about 25 percent of the total recorded maintenance actions pertain to
adjustment- and -repair-type maintenance. Only a limited analysis has been
made of this type of data. For several of the analyses, adjustment and repair
actions have been combined because of the almost one-to-one ratio of adjust-
ments to repairs (230 adjustments and 253 repairs) and because of the limited
quantity of this type of data.
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All adjustment, repair, and replacement activities recorded in B Co ate
shown cumulatively distributed over 6000 miles of tank usage in Fig. F17.
Both the combined adjustment and repair curve and the replacement curve
show an increase in activity after 2000 miles with the rate of increase more
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Fig. F17—Recorded Adjustment, Repair, and Replacement Actions ™
for M60 Tanks of B Co, Tst Bn, 33d Armor

pronounced in the replacement curve, After 3000 miles both curves show a
change in direction indicating a change in the rate of activity. Although the
rate of change in relation to total activity for adjustment and repair actions
appears to be increasing at a lower rate after the third 1000-mile interval,

the limited observation between these two mileage points must be kept in mind.
When the adjustment and repair actions are combined the derived curve shows
the rate of increase indicated in Fig. F17. From the distribution shown in

Fig. F18 the variations that occur in the adjustment and repair activity for the
several mileage intervals are quite obvious. These variations must be kept in
mind when considering the combined cumulative curve shown in Fig. F17. It
should be noted that these charts are based on recorded activity only and al-
though these recorded activities are incomplete they do provide some indication
of the scope of nonreplacement maintenance activity and are therefore included
to present as broad a view as possible of the maintenance performed.

Figures F19 and F20 show the average number of recorded adjustment
and repair maintenance activities per tank for the 1st Bn, 33d Armor less B Co,
and the 2d Bn, 37th Armor, respectively. In the battalion less the company the
combined adjustment and repair activity was approximately 25 percent of the
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total maintenance data collected. In the 2d Bn, 27th Armor, it was about 20 per-
cent of the total maintenance data collected. By comparing Figs. F18 to F20 it
can be seen that the data showed no well-defined trends and that wide variations
occurred between the two battalions. A comparison is made in Fig. F21 of the
average number of all adjustment, repair, and replacement activities performed
per tank by B Co and by the battalion less B Co. The percentage of the total
actions performed by second- and third-echelon maintenance as distributed
over the various mileage intervals is shown for B Co; 1st Bn, 33d Armor, less
B Co; and the 2d Bn, 37th Armor, in Figs. F22, F23, and F24 respectively.
From these charts it is quite obvious that the largest proportion of the main-
tenance activities were performed at the second echelon. Of the total actions,
less than 15 percent were performed at the third echelon. As may be noted
from the figures the maintenance load at this echelon was relatively constant.
In Fig. F25 the data pertaining to adjustment and repair activity, like that
of parts replacements, are identified in relation to scheduled and nonscheduled
maintenance. From this chart it can be seen that 62 percent of the combined
adjustment and repair actions recorded by B Co were related to scheduled
maintenance. This figure is 40 percent greater than that of the battalion le ss
E Cu. The result uf cumbiuing the former activities with the replacement
activity on this basis is shown in Fig. F26. This figure shows that 37 percent
of all maintenance actions recorded by B Co were related to scheduled mainte-
nance and that 21 percent of the total was replacement activity. For compara-
g perpuses the dramt fietades tlie Tesalts of Yie saue dildly sis wade ol he
data from the battalion less B Co. These charts provide some indication of
the importance of scheduled maintenance in the operation of B Co’s tanks.

Direct Labor Man-Hours

Direct labor man-hours are those used in performing tank maintenance
involving either adjustment, repair, replacement, or inspection actions. These
types of data were collected to the greatest extent possible, but only a limited
quantity was available. In the 1st Bn of the 33d Armor, only 35 percent of all
adjustment, repair, and replacement data collected contained the number of
man-hours used to perform the maintenance action. For B Co only 37 percent
of the data collected showed man-hcurs. Because of the paucity of recorded
data on this subject no conclusions could be drawn. ‘

The analysis hus been restricted to the adjustment, repair, and replace-
ment actions. When these actions were performed during an inspection and
only the total number of hours required for the inspection was recorded, no
effort was made to allocate the time to the separate actions performed.

Tables ¥4 to F6 show the number of maintenance actions recorded and
the number of actions for which man-hours were recorded, segregated by
maintenance echelon and distributed by 500-mile increments, for B Co and
the 1st Bn of 33d Armor, less B Co. Based on the actual number of man-hours
recorded, the average number of man-hours per tank per 500 miles for the
combined adjustment, repair, and replacement actions is shown in Fig. F27
for B Co and 1st Bn of 33d Armor,less B Co. The marked increase in the
average number of man-hours per tank in the intervals between 1500 and 3000
miles again reflects maintenance activity related to the tank’s suspension
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system. The drop in maintenance man-hours for the battalion less B Co after ke
3000 miles may be due in part to the overhaul program that was being put into
effect at that time. :
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Fig. F27—Average Maintenance Man-Hours far Adjustment, Repair, and Replacement Actians
per M60 Tank af B Co and 1st Bn, 33d Armar, less B Ca
Actual recarded man-hours—Of all recarded maintenance
activity callected, anly about 35 percent cantained the
number af man-hours used in the maintenance
performed.

B Ca 1st Bn, 33d Armor, less B Co

S T TS

Parts-Replacement Cost

Through a careful search of price list manuals and Seventh Army stockage
lists®='? an effort was made to assign a cost figure to all parts-replacement
cards. The parts for which a price was not obtained represent legs than 1
percent of the total cost figures developed. Engines and transmissions were
priced at 30 percent of list price. All other parts were charged at fulllist
price, as norebuild-cost figures for direct-exchange items have been developed.
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