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PREFACE

An important objective of the Department of Defense is to improve
acquisition policies so as to reduce the overall life-cycle costs of a
weapon system. A major portion of these costs is the cost of owner-
ship, which is strongly influenced by policy decisions made in the
acquisition stage. An important step in determining how to improve
the management of costs of ownership is to analyze historical data on
operational weapon systems. Such analysis should provide a formal
basis for tying various cost of ownership categories (such as logistics
support costs) to acquisition policies, and the data should also help
provide the basis for developing cost-estimating relationships.

The Air Force Increase Reliability of Operatiomal Systems (IROS)
Program considers detailed cost and capability data in an effort to
increase the reliability of weapon systems and their subsystems. The
program provides a powerful tool for management and analysis. Its
principal purpose within the Air Force Logistics Command is to identify
candidates for additional engineering, component improvement, modifica~-
tions, or other reliability improvement and cost-reduction efforts by
using data that rank the costs of subsystems and component logistics
support. We believe, however, that IROS offers great promise to a
wider array of cost-analysis purposes.

In the interest of improving the collection of data used for weapon
system cost analysis, this study briefly evaluates the Air Force K051
Logistics Support Cost Ranking Reports used in the IROS program and
recommends extensions to the original design. The study results are
based on data for FY 1973, and it is possible that some of the dis-
parities noted herein have been reduced in magnitude or even corrected.
We have, however, made a sample comparison of IROS/KO51 data and the
Air Force Maintenance Collection System GOO1B base-level (66-1 data)
for the A-7D, for the first half of FY 1974; in this sample analysis,
IROS/KO51 data seem even less complete than 1973 data comparisons
showed. Therefore, we expect that the basic problems noted in this

report are currently relevant.
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This analysis was undertaken within and supports the R&D and Acqui-
sition Studies Program and the cost analysis activity at Rand. It is .
part of the on-going Rand study of the life cycles of Air Force systems.
The report should be useful to a variety of Air Force managers and cost
analysts—-both to Air Force Logistics Command personnel who manage or
use the IROS/KO51 data, and to Air Staff personnel interested in data
used to estimate the cost of owning a weapon system, in product improve-

ment decisions, and in logistic support cost modeling.

*Other work on this study includes A Weapon System Life-Cycle
Overview: The A-7D Experience, The Rand Corporation, R-1452-PR, October
1974; and Estimating Life-Cycle Costs: A Case Study, The Rand Corpora-
tion R-1518-PR, February 1975.
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SUMMARY

The Air Force Increase Reliability of Operational Systems (IROS)
Program provides logistics support costs,* and other data, on a set of
current weapon systems. Logistics support costs dominate the overall
cost of owning a weapon system and are of prime interest to cost ana-
lysts, product-improvement engineers, and reliability analysts. The
KO51 Logistics Support Cost Ranking Reports used in the IROS program
provide a unique cost profile of certain weapon systems and are poten-
tially very valuable toocls for analysis of weapon system support costs,
the’design and evaluation of new weapons, and the reduction of support
costs for a given design.

This study assesses the performance of the IROS/KO51 Logistics
Support Cost Ranking Reports and recommends extensions for use in
support of cost visibility and life-cycle cost-management analyses.

In the study approach taken, KO51 logistics support costs are deter-
mined for the Air Force A-7D Corsair II, as a case example; these costs
are compared with reference costs from data-collection systems at the
base and depot levels, for the same time period (FY 1973). The dif-
ferences between the K051 and reference costs are discussed, and,
finally, ways to improve the data are recommended.

We found that with the current design of the cost ranking reports,
certain pertinent support costs are not being collected. These include
the cost of weapon system aerospace ground equipment, maintenance,
modification hardware, and certain spares.

For those costs that the KO51 reports are designed to collect,
only about 53 percent of the total relevant base-level costs for un-
scheduled maintenance and less than 7 percent of the total relevant
depot-level costs for the A-7D are actually being gathered. Overall,

the KO51 ranking reports appear to be reflecting between one-quarter

*
The basic source of the logistics support cost rankings is the
K051 Weapon System Effectiveness Program and Models System.
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and one-third of the total maintenance labor and material, transporta-
tion, and condemnation costs they are designed to collect.* Also,
logistics support costs that are reported at the subsystem and item
level by the KO51 ranking reports are reflected in a disproportionate
manner.

To determine if our findings were currently relevant, we carried
out a partial comparison of K051 costs with the reference systems for
the A-7D for the first half of FY 1974. That comparison showed that
the KO51 data reflect less than 50 percent of the base-level costs and
less than 10 percent of the estimated depot support costs. These fig-
ures are consistent with our analysis based on FY 1973 data.

The principal reasons that the KO51 logistics support costs reflect
lower than actual costs derive from design limitations, data system
errors, and operational problems. To correct and extend the KO51 re-
ports, we recommend the following changes.

Design Improvements. The K051 ranking reports' design can be im-
proved by fully capturing those logistics support cost items called for
in its definition; in particular, costs for base material, planned de-
pot maintenance, and engine repair. Extending the reports' design by
adding costs for base-level and depot-level aerospace ground equipment
maintenance, and, eventually, pipeline spares, modification hardware,
technical training, and system management, could make the reports more
useful in support of cost visibility analysis and in the evaluation of
new weapon system designs. For those costs at the depot level that the
ranking reports are currently not collecting, new formal interfaces with
existing depot data systems should be implemented. Base identifiers
should be added to the design to allow comparative analyses of similar
items at different locations and to aid in the management of the logis-
tics support cost reports. Finally, a new ranking report should be de-
signed that ranks items by the difference between the average cost
measured and the average expected costs, by federal stock number within

work unit codes.

*
Note that in this analysis we have excluded the scheduled base-
level maintenance estimates.
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Data System Edits. Several data system edits are necessary to
improve the quality of both the input data to the KO51 ranking reports
and the logistics support cost estimates. Specifically, base-level
interrecord logic edits,* base-level edit-total checks, depot-level
input data edit checks, and partial IROS data edit checks are called
for.

Operational Changes. To facilitate the use of existing base- and
depot-level data systems, there is a need for a formal WUC:FSN:MDS
directory..l~ To perform the recommended planning, control, and evalua-
tion activities, additional IROS staff analysis will be necessary.

For certain weapon systems, a historical data base covering more than
one year would be useful, and a means for preserving the data would be
required. Formats for displaying KO51 logistic support costs have been
constantly evolving, and there is a need for a master format control
source so that early and recent data can be correlated. Finally, until
a single-thread data system$ is implemented, it will be necessary to
allocate the maintenance cost of common items. Depending upon the
nature of the subsystem or item (e,g., avionics, hydraulics), the
appropriate prorationing surrogates may be different. An explicit

task of establishing, monitoring, and evaluating the prorationing pro-

cess should be undertaken.

* .
Based on a previous Rand recommendation, this capability will be
implemented throughout TAC in the near future.

TWork Unit Code:Federal Stock Number:Mission Design Series.

¥

A single data system that provides detailed weapon system costs
at both the base and depot levels.






—-ix=-

ACKNOWLEDGMENTS

In preparing this report, we received assistance and many useful
suggestions from various persons. In particular, we would like to thank
Charles Feeley and Thelma Black at the Air Force Logistics Command,

and Stanley Besen, Brent Bradley, John DeOlden, Jean Gebman, and Alvin

Harman at Rand.






—-i-

CONTENTS

PREFACE titeiunnnnnensnossseosssaasnsssnsssassessnnnonsnsassessas 1ii
SUMMARY tvtivueneneeenosonsnsossonscosnnsassasnsuonssesonsscnonass v

ACKNOWLEDGMENTS t4vvueueevsosonsosascasesasssssnsonsssassonsasans ix

Section
I. TINTRODUCTION ttievevevncononosnsssasonsnssonnoasassscessns
Description of the Program .....coceveeeecacceascascnccce
Uses Of TROS tiuiiuitruinrenoeansecesnronasavssssasacsnnns
Study ObjJectivVe ..ieeeieeeeeeesseosotasssscsnsasssnsonss

WN e

IT. TIROS LOGISTICS SUPPORT COSTS: DEFINITIONS, COMPARATIVE
ANALYSIS, AND PROBLEMS .v.veeeees cetsesnscans ceeneens
Definitions suveeeeeseeeeeessceanssosnseoesasssesssoacens
Cost COMPATriSONS ..vieeiicesasssossscssacssassossnnansas
Analysis and Findings ..eeeceseerecessccseesennsccnonnns
Incompleteness Of KO51 LSCS eeeeevoosscscssssrsssonncnne
Implications of Incomplete IROS LSC Data ..eeeeeeevcaves

= O oot n

N

ITI. RECOMMENDATIONS FOR IMPROVING THE KO51 LSC REPORTS
USED IN THE TROS PROGRAM ...eeeessecsacoocensosnsnnns 23
Design ImMprovVEMENtS .v.veseacescssssssacssensons seconacs 23
Data System Edits to Improve the Current KO51 Reports .. 32
Operational Changes to Improve the Current IROS ‘
LSC REPOTLS tiveesnsnersosossoccscsnsoessassoscscssnsss 35

Appendix
A. ELEMENTS OF THE TROS PROGRAM ...vcvenenescccasscassconseos 39
B. IROS REFERENCES .ivveveronvaconcnasse ceesrestesaescocnssonse 41






-1-

I. INTRODUCTION

DESCRIPTION OF THE PROGRAM

The Air Force IROS (Increase Reliability of Operational Systems)
Program was implemented and operates in accordance with Air Force Re-
gulation 400-46, and Air Force Logistics Command Regulation 400-16.*

It is a program that uses logistics support costs and data from the

Air Force K051 Weapon System Effectiveness Program and Models System,
such as data on system effectiveness, availability and downtime history,
and flight safety.+ These are provided in a variety of quantitative
displays,# incorporating logistics support cost (LSC) ramkings, for cur-
rently active Air Force aircraft and ground electronic systems.

The IROS program objective of increasing the reliability and ef-
fectiveness of weapon systems is approached by using two types of infor-

mation provided by the KO51 system:

o data on cost, safety, and availability for product improvements,

and
o a data base that allows the identification and cataloging of
unreliable components so as to prevent their reentering the

Air Force inventory as a part of new weapons.

The basic inputs to the IROS program are furnished by the Air Force
Kk
GOOl1lB Maintenance Data Collection (MDC) System, the Equipment Status

*
In addition to these regulations, various reference documents were
used, some of which are listed in Appendix B.

+The KO51 Weapon System Effectiveness Program and Models System is

the basic source of the logistics support cost ranking used in IROS.
Throughout the report, this source will be referred to as the KO51 re-

ports or the KO51 cost ranking reports, for convenience.

¢As of January 1974, more than 15 output displays were being pro-

duced. The four major segments of the IROS program and their associated
display titles are listed in Appendix A.

®%
The GOOlB data are commonly referred to as MDC 66-1 data for AFM
66-1 where the data and data-collection process are described.
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Reports System 65-110, the K051 system, and several depot-level repair
management systems (e.g., GO72A/C). The IROS program also contains a
cost model in which various data inputs are transformed into desired
cost estimates.

The basic LSC management information that IROS produces is weapon
system support costs associated with base labor, depot labor, depot
material, cost of condemnation, and transportation and packing/shipping
costs. In effect, the KO51 reports are designed to collect and/or
generate the dollar costs of supporting a weapon or its components
identified by the work unit code (WUC) structure.* The KO51 cost rank-
ing reports can also be used to trace the maintenance cost back to the
federal stock number (FSN) at the depot level. It is this combination
of WUCs and FSNs within weapon systems and the separation of base-level
and depot-level costs that makes the reports unique. With these data,
IROS currently monitors the support costs for about 46 weapon systems

and 46 ground communication, electronic, and meteorological systems.

USES OF IROS

The focus of this study is on only one of the IROS products, namely,
LSCs from the Air Force KO51 Weapon Systems Effectiveness Program and
Models System. Also, we consider using these LSC reports in applica-
tions for which they were not expressly designed. Thus, where we iden-
tify shortcomings and make recommendations to improve the IROS program,
these qualifications must be kept in mind.

A major component of a weapon system's life-cycle costs (LCCs) is
its LSC, which is estimated by the KO51 ranking reports for those weapon
systems IROS monitors. Therefore, we are interested in the quality and
completeness of the KO5l-generated costs and in the limitations that
the current LSC reports may impose on weapon system support cost analy-
sis, in, for example, decisions to design and evaluate new weapons, and

in decisions for reducing or minimizing support costs for a given design.

*WUCs consist of five alphanumeric characters and are used to iden-
tify the system, subsystem, and component that required maintenance.
Basic references for the WUC system are AFM 66-1 and T.0. - 00-20.2 series
technical orders. (For example, 73FA0 is used for recording the base-
level maintenance work on the A-7D inertial measurement system.)
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Data from the K051 reports can provide relevant operational ex-
perience on certain equipment currently in use, such as whether or not
the equipment's past cost and reliability performance warrants its in-
clusion in a new design. Also, the IROS data base can help identify
potential substitutes with a functional similarity to proposed parts--
substitutes that have proven low support costs. In addition, LSC data
from the KO51 reports are a potentially valuable source for item and
support costs needed in predicting LCCs of future weapon systems. These
data can also be used as a reference source for evaluating logistic
parameters, such as base-level support costs, and in developing support-
cost-estimating relationships.

IROS LSCs and reliability data could potentially be used to help
minimize support costs for a given weapon system design. For example,
future support costs could be reduced by improving the reliability of
certain itéms that consume more support resources than they should.

The K051 LSC reports are designed to provide data that can be used to
identify high support cost items--potential candidates for reliability
improvements. These data can also be useful in comparing alternative

maintenance support policies.

STUDY OBJECTIVE

The overall objective of this study was to analyze the potential
use of IROS/KO51 LSC data for weapon systems support cost visibility
analyses and for the management of current and forthcoming weapon sys-
tems. More specifically, we wanted to investigate and answer the fol-
lowing questions relating to extended applications of the present K051

reports:

1. How complete is the IROS definition of weapon (sub)system
logistics support costs?

2. What proportion of a weapon system's LSCs do the KO51 reports
capture? '

3. In what way might the KO51 LSC reports be incomplete?

4. What specific steps can be taken, in the short run, to improve
the IROS LSC program?



e

In our approach, we first identified the K051 LSCs for a specific
contemporary weapon system, the A~7D Corsair II. The KO51 LSC estimate
was then compared with "actual" costs as reflected in extant base- and
depot-level data systems. We used the MDC 66-1 data* and the Depot
Purchased Equipment Maintenance (DPEM) reports as the primary reference
sources to determine the actual cost data. As part of the comparative
analysis we noted various limitations in the KO51 data and laid a founda-
tion for our subsequent recommendations for improvements.

In almost any cost analysis, comparative or otherwise, there are
limitations imposed by the lack of adequate data, and this study is no
exception. The basic data systems that we relied on for our reference
costs are not perfect. These data products contain ambiguities and in
some instances are possibly incomplete. However, they do reflect direct
recordings of the maintenance and material resources consumed to sup-
port the weapon system of interest.

The remainder of this report is presented in two sections and two
appendixes. In Sec. II we present a description of KO51 LSCs and evalu-
ate the KO51 LSC product for the A-7D in terms of its completeness,
relative cost rankings, and proportionate presentation of costs across
subsystems. Last, we discuss the specific limitations of the current
ranking reports and in several instances provide a quantitative measure
of the magnitude of the limitations. Section III contains suggestions
that can improve the KO51 LSC products, so as to make them a more reli-
able and effective tool for the cost-analysis applications considered
in this report. The appendixes include backup descriptions and re-

ference material,

*More specifically we used the MDC 66-1 data from the GOOlB system
for the A-7D fleet prepared at AFLC. It is our understanding that the
base maintenance MDC 66-1 data we used are the same as the input data
to the AFLC Product Performance System (D0O56), described in AFLCM 171-45.



II. TROS LOGISTICS SUPPORT COSTS: DEFINITIONS,
COMPARATIVE ANALYSIS, AND PROBLEMS

DEFINITIONS
Weapon system LSCs, as defined in the IROS program, can be repre-

*
sented in equation form:

IROS Logistics Support Costs = Field maintenance
+ Specialized repair activity (SRA)
+ Packing and shipping
+ Condemnations

+ Base material

in which

Field maintenance $9 x field maintenance hours

SRA = cost/unit x (1 - % condemned at depot)

X No. NRTS+

Packing and shipping = units shipped x 2 x weight/unit x cost/1b

Condemnations = unit price x (no. condemned at base +

no. NRTS x % condemned at depot)
¥

Base material = cost/unit x no. RTS
The Air Force Logistics Command Director of Logistics Management
(AFLC/MMOA) LSC model, which we use as a convenient reference, has

the general cost categories shown in Fig. 1. We see that the IROS

*
This information is adapted from briefing materials prepared by
Charles Feeley at AFLC/MMO.

+Not reparable this station.

*Repair this station.



LOGISTICS SUPPORT COST MODEL

Initial and replacement spares

On-equipment maintenance

Off-equipment maintenance

Inventory entry and supply management

Support equipment

Personnel training and training equipment

Management and technical data

New facilities

Fuel

W 00 N 08 i Ny
.

=
o

Spare engines

Fig. 1--Definition of logistics support costs from the
AFLC/MMOA model

definition of logistics support costs does not include the following
items: the recurring support costs for spares, management personnel,
technical training, and documentation, and the investment costs for
training and for support equipment. We also note that neither of
these includes costs for modification hardware or the maintenance of
support equipment. An overview of the LSC categories whose costs are
included in IROS and those that are not is given in Fig. 2.

These omissions in the IR0S definition naturally cause an under-
statement of the actual weapon system support costs. In a later sec-
tion we note ways to incorporate several of these omitted costs.
However, for the purposes of this analysis of the A-7D costs, we will
compare the IROS LSCs with only the base and depot manpower and material

costs in our reference systems.



o  COSTS INCLUDED
1. Field and organizational maintenance
2. Specialized repair activity
3. Packaging and shipping
4., Condemnation costs

5. Base material

o COSTS NOT INCLUDED
1. AGE maintenance
2, POL
3. TCTO® hardware
4. Pipeline spares
5. Technical training
6. Systems management

7. Initial spares

8Time compliance technical order.

Fig. 2--Overview of IROS logistics support cost coverage

Before proceeding with the analysis we need to clearly identify
the costs and the reference data used. We are concerned with field and
organizational maintenance (labor and material) costs, hereafter re-
ferred to as base maintenance costs, and SRA costs, hereafter referred
to as depot maintenance costs. We ignore packaging and shipping and
condemnation costs, since they are largely omitted in the K051 LSC re-
ports. For the base maintenance costs we include only the unscheduled
maintenance portion in our comparative analysis, as our interest is in
the cardinal rankings of the subsystem and component support costs.
The scheduled preflight and postflight activities are the largest con-
sumers of base maintenance resources, but they are more appropriately
charged against the entire weapon system.

We use MDC 66-1 data as the reference source for base maintenance

data, as does IROS. The base-level maintenance labor hours recorded by
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the MDC 66-1 system* are the direct manhours charged, by WUC activity.
In the preparation of the IRQOS LSCs, the base maintenance costs are
determined by multiplying the reported maintenance manhours by $9; this
is the standard cost per manhour and "includes both direct labor and
overbead."T

At the depot level, our reference cost data are from the DPEM:F re-
ports, which reflect the charges to item managers aggregated to the
weapon system. The particular DPEM cost data we use are prepared in
the Directorate of Management and Cost Analysis in AFLC. These costs
include the charges for labor and expense material for all direct depot-
level repair (Air Force and contractor) plus some overhead. In the
IROS program the depot-level maintenance costs are projeéted by item
(see p. 5) as a function of the base-level NRTS rate, less the number
of condemnations multiplied by the depot standard cost of repair from
the Depot Production Management System (GO72A). Those standard unit

repair costs are compatible with those used in the DPEM reports.

COST COMPARISONS

Fundamental to all K051 LSC displays are cost rankings by various

levels of WUCs in descending order of logistics resource consumption.

*The MDC 66-1 (see AFM 66-1) system is a production control system
for use in maintenance management. The base-level maintenance system
that provides the MDC 66~1 data in machine-readable form is the GOO1B
data system (see AFM 171-267 and AFM 66-1). However, the MDC 66-1 data
used in this analysis and in IROS are from Hq. AFLC, which processes and
edits the GOOlB base data.

TChapter 17, "Logistics Support Cost Ranking," AFLCM 66-18 (C6).
In that chapter, AFM 66-18 is cited as the source of the $9 per hour
cost factor. We were not able to clearly reconcile the current base
maintenance airmen wages (under $4.50 per hour) with the $9 per hour
figure, If a 100 percent overhead charge is used, the two figures can
be made compatible, but the usual base-level overhead charge is under
15 percent. However, if we interpret $9 per hour as the rate to apply
to the reported utilized manhours to reflect the worth of the total
resources available and associated overhead, and if the ratio of avail-
able to utilized manhours is about 2:1, the two figure are reconcilable.
We suspect this latter interpretation is appropriate. Nevertheless,
to ensure that the desired base-level reference costs we use are con-
sistent with the IROS costs we, too, multiplied the number of base
labor hours reported by $9.

¢See AFLCR 66-40 for a description of the DPEM reports.
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These displays are designed to reflect the proportion of resources that
each WUC consumes compared to the total logistics resources (as defined
by IROS) consumed by the weapon system. Therefore, we have the option
of comparing KO51 LSCs at different levels of detail--at the aggregate
system level, or, at the other extreme, at the item or shop repairable
unit level. The level of detail that we choose to examine is dictated
primarily by the detail reflected in the DPEM depot-level reference
cost system, which allows comparisons only at the system and subsystem
(two-digit WUC level) levels. We have chosen to compare costs in the
categories of avionics, aircraft accessories, engines, and airframe.

To compare the costs shown by the KO51 LSC reports and our two
reference systems within the selected categories, we had to ensure that
we had grouped the costs correctly. This was a problem, since our base-
level reference data provided resource consumption by WUC, and our depot-
level reference data gave costs by repair-group categories or Federal
Stock Classes (FSC).* The K051 LSC reports, however, provided costs by
WUC and matching FSN within weapon systems. Starting with the greatest
detail allowable in the DPEM data, we grouped the FSCs and associated
repair costs within the four categories noted above.+ Given the group
of FSCs, within each category, we next identified the corresponding
FSNs in the KO51 listings. Of course, we also checked for logical con-
sistency. This provided the link between the K051 and DPEM data for
the depot-level comparisons. We next identified the set of WUCs cor-
responding to the FSCs and FSNs in the KO51 reports. That list of WUCs
provided the link between our MDC 66-1 reference base maintenance data
(from AFLC) and the IROS base-level LSCs. We then multiplied the number
of base labor hours by $9 to get the base reference costs to compare

with the IROS base-level LSCs within the four categories of interest.

ANALYSIS AND FINDINGS

In the remainder of this section we make comparisons among the
KO51 totals, the rankings of the two-digit WUC levels, and the reference

cost systems at the base and depot level.

*
The first four digits of the eleven-digit FSN is the FSC.

TThe grouping of FSCs used was prepared with the aid of Thelma
Black of AFLC/ACMC.
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Table 1 compares KO51 maintenance and manhour costs with the MDC

66-1 and DPEM data for the A-7D fleet for all of FY 1973.

Table 1

MAINTENANCE MATERIAL AND LABOR COST COMPARISON
FOR THE A-7D FLEET (FY 1973)

Data System Total Cost

MDC 66-1{

DPEM tessessssscenscessnsenes $37,640,510

KOS1l..vuevieeenuneneossnsnnesannsss $11,605,000
Difference-o.o;ooo.oooonooonnoo $269035’510

If the MDC 66-1 and DPEM total of $37.6 million is representative,
then it follows that the KO51 ranking reports in this instance are re-
cording approximately 31 percent of the actual costs.

Given this total difference for the entire year of approximately
$26 million, we next determined how this difference was distributed
between the general categories of base-level and depot-level costs.

Table 2 shows this breakout for the first half of FY 1973 for the A-7D

Table 2

COMPARISON OF KO51 LSCs WITH MDC 66-1 AND DPEM
COSTS FOR THE A-7D FLEET (1ST HALF FY 1973)

Costs
Data System | Base Level? Depot Level Total
MDC 66-~1 $6,975,910 —_—
DPEM - $11,084,108 | | *18,060,018
K051 $4,061,417 $ 727,669 | $ 4,789,086
Difference | $2,914,493 | $10,356,439 | $13,270,932

aUnscheduled maintenance.
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fleet. (We used only the first half of FY 1973, because we had the more
detailed KO51 LSC data for only that part of the fiscal year.)

The KO51 reports, in this example, appear to be collecting about
58 percent of the base-level maintenance labor and material costs and
only about 6-1/2 percent of the depot-level costs. Clearly, those esti-
mates of depot maintenance costs are incomplete.

Next, we determined, at the next lower level of weapon system de-
tail, what the cost distributions were in both dollars and percents.

For convenience, we used the KO51 rank order at the two-digit WUC sub-
system level.

Table 3 shows, at the two-digit WUC level, the base-level and depot-
level costs reflected by the KO51 reports and by the reference data
systems. Again, the costs are for the first half of FY 1973 for the
A-7D fleet. At the base level, the K051 and MDC 66-1 costs are distrib-
uted over the four subsystems in basically the same proportions. Also,
the cost rankings for the two systems are the same. However, at the
depot level, neither the rankings nor the proportionate distribution
of the costs are the same. In the lower third of Table 3, we have com-
bined the base- and depot-level costs for all four subsystems. For these
combined totals, the cost rankings are the same, but the distribution
of costs over the categories is quite different. For example, the KO51
reports show that 52 percent of the total LSCs for the A-7D (excluding
all scheduled inspections and shipping and condemnation costs) are for
repair to the avionics subsystems. Compared with the actual costs
represented by the sum of the MDC 66-1 and DPEM costs, the KO51 reports
show that avionics costs account for a higher percentage of the total,
even though the relative ranking for avionics is the same. Thus, when
KO51 LSC data are used to determine which systems consume a greater
than expected share of logistics resources, and which systems should
receive corrective management actions, we always find that avionics
costs dominate for the A-7D. This is not to say that the A-7D avionics
should not be scrutinized to effect maintenance and reliability improve-
ments, but just that this subsystem is disproportionately represented
in the KO51 data.

To estimate how well the KO51 ranking reports gathered actual costs
for the four subsystems, we took the ratio of KOS5l costs to the MDC 66-1
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Table 3

COMPARISON OF KO51, MDC 66-1, AND DPEM MAINTENANCE LABOR AND

MATERIAL COSTS FOR THE A-7D FLEET (1ST HALF FY 1973)

Data System

Subsystem

Aircraft
Accessories

Totala

e~Level Costsb

MDC 66-1
Rank
Cost ($ millions)
Percent

KO51
Rank
Cost ($ millions)
Percent

6.98
100

4.06
100

DPEM
Rank
Cost ($ millions)
Percent

KO51
Rank
Cost ($ millions)
Percent

o O

MDC 66-1 and DPEM
Rank
Cost ($ millions)
Percent

K051
Rank
Cost ($ millions)
Percent

2

18.06
100

4.78
100

%Totals may not add exactly because of rounding.

bUnscheduled maintenance only.
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and DPEM costs separately and combined them by category of subsystem.

These ratios, in percents, are shown in Table 4.

Table 4

PERCENTAGE RATIO OF KO51 LSCs TO MDC 66-1 AND DPEM COSTS
FOR THE A-7D FLEET (1ST HALF FY 1973)

Subsystem
Overall
Aircraft Weighted
Ratio of Costs Avionics | Accessories | Engine | Airframe | Average
Total K051
Base® K051
MDC 66-1 61.2 61.5 43.0 50.0 58.3
Depot K051
DPEM 27.8 3.3 2.6 0 6.5

#Unscheduled maintenance only.

Thus, IROS is gathering between one-fourth (26 percent for the
first half of FY 1973) and one~-third (31 percent over the entire year)
of the costs it is designed to monitor. The KO51 cost ranking reports
do a much better job of estimating base-level than depot-level costs.
At the base level, the proportions of actual costs reflected in the
KO51 reports for avionics and aircraft accessories are both about 61
percent, but the reports capture only about 40 percent and 50 percent
of the actual engine and airframes costs, respectively. As noted, the
KO51 depot costs are quite incomplete; they reflect less than 7 percent
of the actual depot-level costs for the A-7D for the first half of FY
1973. The magnitude of this data omission problem is increased when
one recognizes that more than 60 percent of the A-7D costs IROS is de-

signed to monitor occur at the depot level.
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To determine if the above results, based on FY 1973 data, are cur-
rently relevant, we carried out a partial comparison of KO51 LSCs with
data from the reference systems for the first half of FY 1974. (Our
analysis was limited because of the unavailability of DPEM data for
this period.) The comparison of K051 LSCs and MDC 66-1 costs for the
first half of 1974 are tabulated in Table 5. The overall percentage

Table 5

COMPARISON OF KO51 AND MDC 66-1 MAINTENANCE LABOR COSTS
FOR THE A-7D (1ST HALF FY 1974)

Subsystenm
Adrcraft
Data System Avionics | Accessories | Engine | Airframe | Total

MDC 66-1

Rank 1 2 3 4 -

Cost ($ millions) 4.04 3.52 0.83 0.67 9.06

Percent 44.6 38.8 9.2 7.4 100
K051

Rank 1 2 3 4 -

Cost ($ millions) 1.78 1.54 0.46 0.37 4.15

Percent 43.0 37.1 11.0 8.9 100
Ratio of

KO51: MDC 66-1

Percent - 44,1 43.7 55.4 55.2 45.8

of costs gathered at the base level is lower in FY 1974 (45.8 percent)
than in FY 1973 (58.3 percent). However, the K051 report reflects the
proportionate distribution of costs better in FY 1974--the distribution
is nearly uniform. As a rough basis for comparison, we used the FY
1973 DPEM figures and derived an estimate of the FY 1974 depot support
costs. This approximation will understate these costs, both because
the A-7D fleet in FY 1974 was larger than in FY 1973 and because more
of the depot maintenance costs for those aircraft deployed to Vietnam
would show up in FY 1974 than in FY 1973. Therefore, the comparison

of KO51 depot costs for FY 1974 with the DPEM costs for 1973 should

overstate the percentage of actual depot costs that the KO51 reports
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reflect. The total KO51 depot cost projection for the first half of FY
1974 is $0.91 million, which is approximately 8.2 percent of the DPEM
costs for the first half of FY 1973. Clearly the FY 1974 approximation
is compatible with the figures for FY 1973. We also note that the KO51
distributions and ranking of the costs across the four categories of
interest are virtually the same for both FY 1973 and FY 1974.

To determine if the above percentages for the A-7D were represen-
tative or typical for KO51 aircraft LSCs, we looked at four other
weapon systems being monitored. This brief comparison is shown in
Table 6, which lists, for various weapon systems for the second quarter
in 1973, the reported total K051 LSCs, the percentage of the LSC total
accounted for by the top ten high cost systems, at the three-digit WUC
level, and the top three high cost items and their percentage of the
total. All the equipment is of different design, yet we see a consis-~
tent pattern for two of the three high cost items at the three-digit
WUC level, where all these aircraft have the same kind of avionics
items--an inertial measurement system and a radar. The shortcomings
of the information contained in Table 6 should be clearly understood.
As we have shown for the A-7D, during the first half of FY 1973 the
KO51 reports were capturing a greater proportion of avionics data'
relative to the other subsystem (e.g., propulsion). Consequently, the
rankings in Table 6 are based on incomplete data and do not necessarily
represent the actual or correct rankings. We use this partial data
only to indicate that the KO51 ranking reports display similar pat-
terns for different weapon systems, which tends to imply that our re-
sults for the A-7D are probably typical of KO51 LSC reports for other

aircraft as well.

INCOMPLETENESS OF KO51 LSCs

There are three reasons why the K051 report is capturing only

one-quarter to one-third of the maintenance labor and material costs

and even less of the actual weapon system LSCs:

Design Limitations. The IROS definition of LSCs, as described

in Fig. 2, does not include all the logistics support resources
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Table 6

COMPARISON AMONG KO51 LSCs FOR SEVERAL WEAPON SYSTEMS
(2ND QUARTER 1973)

Percent of Total
LSCs Spent on 10

Percent of Total
LSCs Spent on 3

Weapon Cost Most Expensive 3 Most Expensive Most Expensive
System | ($ millions) Systems Systems Systems
Inertial measurement 14.8
A-7D 3.18 52.9 Attack radar 11.2
Launch and racks 5.3
31.3
Inertial measurement 11.8
F-111A 3.60 50.5 Attack radar 9.5
Fuselage 6.6
27.9
Integrated display 46.8
F-111D 5.76 82.7 Attack radar 17.0
Inertial measurement 6.0
69.8
Inertial measurement 9.7
F-4C 5.67 48.4 Attack radar 8.3
Fuselage 5.9
23.9
Attack radar 12.7
F-4E 12.47 47.1 Inertial measurement 10.0
Fuselage 4.7
27.4
NOTE: During this period the KO51 reports were capturing for the A-7D

a greater portion of avionics data relative to the other subsystems (such

as propulsion).

data.

Consequently, the above rankings are based on incomplete
We use this display to indicate that the KO51 reports are display-

ing basically the same pattern for the A-7D as for other weapon systems.

consumed by a weapon system or subsystem.

For example, costs for AGE

maintenance, technical manuals, and technical training are not included.

These costs were therefore deleted from the reference systems in the

above comparison, so the above K051 LSC estimates, in fact, reflect a

smaller percent of actual weapon system LSCs.

The KO51 LSCs at the base level are defined as a function of the

MDC 66-1 maintenance manhours and material accrued by WUC and by a cost
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factor for direct manhours of approximately $9 per hour.* This estima-
tion process seems reasonable, yet not all the relevant MDC 66-1 hours
chargeable to weapon systems are gathered.+ This is clearly shown in
Tables 2 and 3.

At the depot level, the K051 LSC estimate is a projection deter-
mined by multiplying the base NRTS rate by the standard repair cost
for the item. The NRTS rate is determined from MDC)66-1 data, and the
cost of repair is determined from the GO72A/C Depot Production Cost
System. Thus, any work for the A-7D not generated by a base NRTS will
be missed by this procedure. These missed costs include those for
Planned Depot Maintenance (PDM) on-equipment maintenance and the off-
equipment repairs generated by PDM, support equipment, and engine over-
hauls and modifications. These costs are substantial, and in general
amount to about two-thirds of the depot LSC for a typical weapon sys-

tem.

Data System Errors. The MDC 66-1 system does not consistently
record all relevant maintenance actions. In a recent Rand investiga-
tion* it was found that base-level repair actions judged to have oc-
curred were frequently lost or not indicated in the MDC 66-1 system.
For example, within a job control number a common sequence of actions
is a pull, a repair, and a replace. When one component of this sequence
is missing in the MDC 66-1 report (e.g., if only a remove and replace
were recorded), there is a logical error of omission. These data defi-
ciencies in MDC 66-1 are seemingly passed on to the KO51 reports, since
there is no apparent input data logical sequence quality check. On the
other hand, the MDC 66-1 system is a self-recording system and one has
also to check for exaggerated numbers of maintenance hours reported--

numbers incompatible with the resources available for maintenance.

*
See the discussion on p. 8.

+Our principal interest was in measuring the difference between
KO51 and MDC 66~1 data, not in finding the causes of the difference.
However, we suspect that the problem lies in the processing of the
base data, and that the computer programs involved should be analyzed
to help solve this missing data problem.

*Working paper by Anders Sweetland, "A Maintenance Data Inter-
Record Edit Program," The Rand Corporation, 1973.



=18~

IROS is not collecting all relevant costs that are available from
the MDC 66-1 system. Important among these are the base material costs,
AGE maintenance, costs, and the base engine repair manhours. An ex-
ample of material cost omissions is illustrated in Table 7 which is a
sample TROS PN4L display for one of the A-7D avionics subsystems. For
the entire set of inertial measurement subsystems (WUC 73F) there are
no base-level material costs indicated. In part, this omission may be
due to a screening criterion that does not allow the accrual of mate-
rial consumption costs per repair that are under a certain dollar value
threshold. However, suchi a threshold would not exclude all material
costs.

As already noted, the majority of a weapon system'é costs at the
depot level are not being collected by IROS. The principal depot-level
data system used by IROS is the GO72A Depot Production Cost System,
which provides standardized costs for the planned or projected work by
FSN. Therefore, to correlate the depot item or FSN costs with the
base-level WUC-generated NRTS action, a FSN:WUC mapping is required.
This mapping is provided only implicitly by the MDC 66-1 and other IROS
reference systems and often is not complete. Consequently, the symbol
"p'" is often found in the IROS printouts, which indicates that some
cost element making up the cost for that particular WUC was missing
at the time of the computation, meaning that the repair cost was mis-
sing or a FSN:WUC match could not be made, most likely the latter.
Those costs preceded by a "p," which are at best lower-bound estimates,
are quite prevalent as indicated in the sample printout in Table 7.

Another data system problem results from the inherent confounding
of costs between the fourth—dand fifth-digit WUC levels. This diffi~
culty arises from the nature of the WUC structure, which allows line

replaceable units to be defined at either the fourth or fifth levels.

Operational Limitations. IROS is dependent upon a WUC:FSN mapping
to correlate costs from the base level and the depot level with ome
another. Currently there is no formal, regular procedure in the IROS
program for checking, updating, and monitoring the WUC:FSN mapping by

weapon system. The present procedure apparently consists of manual
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aperiodic checks, which is inadequate. When one considers that the A-7D
has approximately 3250 WUCs (at the fifth-digit level) and an even
larger number of FSNs it is easy to appreciate the mapping complexity.
This complexity is magnified by the frequent changes in the weapon
subsystems and items made throughout a weapon system's life, and in
particular during the earlier stages. These item changes often result
from modifications or new replacement parts, which in general generate
a new FSN. Consequently we find that the FSN for items frequently
change, and in fact one item can be designated by several FSNs over
time, depending upon the status of the modification or replacement
actions. Hence, the mapping between FSNs and WUCs is dynamic. In
Table 8 we illustrate this problem of multiple FSNs for several A-7D

Table 8

SAMPLE OF IROS A-7D AVIONICS WUC:FSN LISTINGS

. , a
b Unit Price
Component wuC FSN? MOD (%
Antenna
receiver 73AA0 | 5841 470 5164 8 23,727
5841 001 7066 9 59,559
Transmitter | 73ABO | 5841 470 5196 8 12,724
radar 5841 001 7075 9 28,853
Indicator
displays 73AEOQ | 5841 168 7714 8 8,756
5841 001 7091 9 21,870
Sweep 73AFO0 | 5841 105 6686 | NA 24,610
generator 5841 168 7713 | NA 30,025
5841 168 2244 | NA 30,025
5841 480 5938 | NA 13,242
5841 601 7116 NA 34,629

®The FSNs and unit prices are from IROS DO41
(Recoverable Consumption Item Requirements System)

and the relevant item manager.

bThe FSN and modification correlations are from

the item manager's file for the above items. The
FSNs for modifications 8 and 9 for the specific
items only are shown.
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avionics WUCs. For the same item we find that each modification causes
an FSN change. One problem that this FSN change can cause is that if

a base-level NRTS action is written up with reference to the FSN for

an earlier modification, and the depot repair reflects the FSN for the
latest modification, the depot and base actions will not have matching
FSNs. This problem is compounded even more when there are several

FSNs reflecting several modifications that are still in use; that is,
previously modified parts that have not been remodified to meet the
latest specification change.

A related problem occurs with respect to the unit price listed
for the items in the KO51 reports. Item price changes can occur for
several reasons, such as modifications, quantity discount, and in-
flation. The avionics sample listing in Table 8 illustrates some price
fluctuations. Also, regardless of whether the earlier purchase price
is lower or higher, it is the latest price which is carried for the
item. In those instances where there are no earlier items with a dif-
ferent FSN (e.g., those not yet modified), the entire item inventory
has to be valued at the latest unit price listed.

Perhaps the most fundamental operational limitation in the IROS
concept results from the absence of a review process that assesses
how well IROS is performing. There are no explicit performance mea-
sures to gauge data input quality and quantity, or to evaluate the
adequacy and effectiveness of the K051 reports. There is also a
genuine need for a formal feedback mechanism to monitor corrective
measures.

There is currently no provision to allow for weapon (sub)system
IROS histories longer than one year. This limits those analyses con-
cerned with tracking the reliability performance of one item over its
life (i.e., longer than one year), or tracing the transitory phases
in item maintenance support costs caused by product ''seasoning" or

modifications.

IMPLICATIONS OF INCOMPLETE IROS LSC DATA

The IROS KO51 LSC reports are intended to be used as direct inputs

to a number of weapon system, and recoverable item, management analyses.
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Exemplary decisions deal with adjusting inventory'levels, projecting
future total system and item support costs, estimating reliability/cost
tradeoffs, and identifying functional areas for applied research areas.
At the very least, the IROS program's K051 LSC ranking reports are in-
tended as a means of informing management where the support cost dollars
were spent and should provide a data base for use in LSC and LCC models.
To the extent that the KO51 LSC reports are incomplete (e.g., data
are missing), and that the partial data are reflected in different than
actual relative magnitudes, all the above decisions using TROS LSC
data will at the very least be adversely affected or at the worst im-
possible to make. Based on our analysis at the two~digi; WUC groupings,
neither the absolute levels nor the correct proportions are determinable

*
with confidence from the current KO51 LSC reports.

*

We note that the relative rankings of the IROS two-digit WUC
groupings are the same as for the combined reference base and depot
data systems.
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III. RECOMMENDATIONS FOR IMPROVING THE KO51
LSC REPORTS USED IN THE IROS PROGRAM

In the previous section we reviewed a number of substantive defi-
ciencies currently besetting the IROS LSC program. In this section we
present recommendations that should, if implemented, correct many of
these problems and provide a basis for improving the KO51 ranking re-—
ports in both the short run and the long run. However, since we have
not carried out a thorough analysis on each suggestion, subsequent
data system interface issues and resolution incompatibilities may pre-
clude the use of some of these recommendations, particularly in the
short run. In view of this possibility, we have deliberately listed
several options where it appeared reasonable that more than one data
source was available to IROS.

For convenience and to maintain consistency we will classify the
recommendations by the topical headings used earlier to discuss the
problem areas. Within each area we will distinguish, where possible,
those recommendations for correcting existing deficiencies and those
aimed at enhancing the KO51 LSC reports. We note that these latter
recommendations are intended to extend the basic design of the KO51
reports, so that they will be more useful in weapon system management

and support-cost analysis.

DESIGN IMPROVEMENTS
Currently, IROS collects only that part of the weapon system LSCs

that it is designed to monitor, and those costs are collected incom-
pletely and are reflected in a disproportionate manner relative to the
actual distributions. The KO51 ranking reports are designed to collect
all direct maintenance labor and material, transportation, and condem-
nation costs for a specific set of weapon systems. For the purposes
for which the IROS program uses the KO51 reports, it is not essential
that all such maintenance, transportation, and condemnation costs be
collected. That is, a partial set of data to provide relative rank-

ings is adequate. It is crucial, however, that this partial set of
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data be statistically significant and uniform across the functional or
WUC categories. Given a statistical sample that proportionately re-
flects the resource consumption in the different categories, it should
be possible to construct the total costs if needed. For example, for
the base-~level support cost data used in this analysis, the distribution
of KO51 LSCs and the costs based on MDC 66-1 data is very similar, and
the ratio of the costs across the categories (avionics, aircraft acces-
sories, engine and airframe) is approximately uniform; namely, 58 per-
cent and 46 percent for FY 1973 and FY 1974, respectively. Thus as a
rough rule of thumb, we could in this instance double the K051 costs
and be reasonably close to the actual total MDC 66-1 costs reported.
This hypothetical example is intended to illustrate that appropriate
cost samples can be used and not to suggest a particular operational
rule. We note that the various respective ratios of the sample costs
to the total costs, as defined by the KO51 reports, will most likely
be different for the individual items that make up the two-digit WUC
grouping and for the grouping itself. 1In the following recommendations,
however, it is assumed that the KO51 reports collect data on a continu-
ous and complete basis and hence attempt to accrue the total IROS-
defined weapon system LSCs.

There are several design changes that can improve the current
KO51 LSC reports.

Design Corrections for the Current KO51 Reports

Base Material. Base material costs represent the purchase price

of the parts used by maintenance to repair the weapon system, and a
listing by FSN is recorded for input to the MDC 66-1 system. These
costs are currently incorporated in the KO51 reports' design but are
not being collected; however, to the extent that they are reflected
in the MDC 66-1 system, they can be recorded in the KOS51 reports
system,

Without speculating on the reasons for this omission, we can
suggest two ways that IROS can collect data on base material costs.

The first approach is to use a combination of the MDC 66-1 record of
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parts used in maintenance and the base supply 1050-II system,* with or
without a WUC:FSN:MDS directory, depending upon the number of aircraft
at the base which use common items. This procedure would involve ex~
tracting the parts listed by FSN from the MDC 66-1 and then, for that
set of FSNs, determining the actual volume of transactions and the
prices from the base supply system. Presumably, the sample of FSNs
from the MDC 66-1 system would reflect all the different parts, even
though it may not reflect the total quantity of parts used. The supply
system maintains a record of parts issued and prices and could also
provide a reasonable estimate of the maintenance bench stock parts
(those consumables issued in bulk). If several MDS uysed the same
parts, an allocation of the common parts consumption would be necessary.
If there were separate maintenance facilities for the different MDS,
the allocation could be done as a function of the ratio of the fre-
quency of occurrence of the maintenance actions which used the parts

in question for the MDS, If the maintenance resources were shared by
the MDS, as is often the case, those maintenance actions using the
parts in question would have to be identified by MDS and then the

above ratio applied. The identification of the base maintenance

action to MDS can be determined from the MDC 66-1 system. To determine
the set of parts that could be consumed by a maintenance action (WUC)
within an MDS, the FSN:WUC:MDS directory could be applied.

The second approach is to estimate the consumption of these parts
on a quarterly or some periodic basis by using the WUC:FSN:MDS direc-
tory, the base supply system, and a statement of the base maintenance
capability status.+ In this procedure we would first determine from
the base repair capability statement and the WUC:FSN:MDS directory
the set of parts (FSNs) that could be used for base-level repairs by
MDS at the base. For the single MDS base, we have only to input the
list of FSNs to the base supply systems for a listing with prices of

*

The base supply system has its own computer resource, the UNIVAC
1050-1II, which has led to the current convention of referring to the
base supply system as the 1050-II system.

T The Base Maintenance Repair Capability or AF 1996 system (see
AFM 66-273) is one possible source for this information.
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the issues for the past quarter.* In those cases where there are
several MDS and a common parts problem, the total list of common parts
transactions from the supply system would have to be allocated. One
possible allocation rule is to allocate the parts in the proportion
of the ratio of the maintenance actions by MDS that use the parts to
the total of such maintenance actions. This latter information is
determinable from the MDC 66-1 data (GOO1B system).

Engine Support Costs. These include all maintenance costs for

repair, overhauls, and modifications and are only partially collected
by IROS. At the base level, all engine maintenance actions are sup-
posed to be reflected by WUC actions. In the case of the A-7D data
for FY 1973, we found that less than 45 percent of the engine-related
base~level data were reported by IROS; this percentage, of course,
completely discounts any actions not collected by MDC 66-~1. It is not
clear why the MDC 66~1 and KO51 base-level engine cost totals are
different. A special edit check at the WUC level should be designed
into the KO51 reports data input process to determine where the rele-
vant data are being lost, by WUC, and to provide information on why
the engine maintenance cost totals for the two data systems are differ-
ent.,

At the depot level, the problem of missing costs of engine repair,
modification, and overhaul is more complex than at the base level.
We do know that the current IROS technique of projecting engine re-
pairs is inadequate; very unacceptable provisions are made for engine
repair requirements generated at other than the base level. The cur-
rent KO51 design should be changed to allow interfaces with one or
more data systems. Any one of the data systems we will discuss ap-
pears to be an appropriate source for the required data, but at this
point we are not sure which system would be most effective and prac-
ticable. Consequently we have identified several candidates.

Currently engine maintenance costs at the depot level are col-

lected by several data systems, each with different cost detail or

*
The selection of a quarter as the time period is arbitrary. We
could have used a week just as easily.
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o
degrees of resolution. The Management of Items Subject to Repair Sys-
tem (MISTR)(G019C),* the Depot Production Management System (GO72A/C),+
and the Mechanized-Engine Scheduling and Control System (GOZO)* col-
lect engine maintenance and piece-part costs at the FSN-item level.
The DPEM system** reflects costs at a more aggregate level than by
FSN within MDS. Even though the DPEM cost categories are too aggre-
gated for IROS requirements, they do provide a useful total budget
check to compare KO51 totals against at the two—-digit WUC or major
subsystem levels and the MDS level.

Engine component or piece-part maintenance is tracked or projected
by both the MISTR and Depot Production Management Cost Systems. As
these systems were initially designed, the specific engine identifica-
tions (by type) which required the repairs were not retained, making
it very difficult to track the engine component repair costs back to
the engine and then to the MDS of interest. With a FSN:WUC:MDS direc-
tory and a rational allocation scheme, maintenance costs for both
common and specialized items could be distributed back to the engine
and then MDS. However, this process is indirect and somewhat awkward.
Recently, specific changes have been proposed and implemented to pro-
vide for engine identification by sequence number for piece-part re-
pairs in both the GO72A and GO19C systems.ff These changes allow the
accumulation of piece-part maintenance costs by engine series; then
all that remains is the mapping of the engine costs to the MDS of
interest. For many contemporary weapon systems (such as the A-7D and

the F-111) the engines are peculiar to a particular MDS and the engine

*
See AFLCR 171-20, especially Appendixes 3, 5, 6, and 17, for a
description of the MISTR (GO1l9C) System.

TSee AFLCM 171-71; AFLCM 66-9, Part 3, Chapter 9; and AFLCR 170-
20. See also AFLCR 66-29 for a specific discussion of the GO72C Depot
Maintenance Program and Long Range Planning System, the MDS mapping
product of which reflects the DODI 7229.29 requirements of a Uniform
Depot Maintenance Cost and Production Reporting System.

qtSee AFLCM 171~173, and AFLCM 66-1, Part 2, Chapter 2A.
*%
See AFLCR 66-40 for a description of the DPEM System.

++See AFLC Program Plan 72-10, Aireraft Jet Engine Overhaul, Com-
ponent Exchange and Repair Program, AFLC/MA, December 1973.
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MDS mapping is straightforward. For those engines that are common to
several aircraft (such as the J-57) it will be necessary to prorate
the total engine costs over the common MDS. It is probably reasonable
to assume that engine failures or occasions when repairs are needed
are essentially random events across the set of MDS that uses that
engine. If so, then one can prorate the costs as a function of flying
hours and number of engines per aircraft type. We note also that the
DPEM system data allow an aggregate mapping of engine depot maintenance
costs to MDS, and the current GO72A system data are used by AFLC/MAXP
to prorate component repair workload back to the MDS levels. In partic-
ular, their workload and cost summary by MDS appears most useful.

In the long run, the changes proposed in Project Max* will provide
engine piece-part or component variable maintenance costs by FSN and
will allow weapon system visibility for accumulating costs by MDS.

Depot Component Repair. These are back-shop maintenance costs

for other than engine components and are also only partially reflected
in IROS. Candidate systems which could be used to fill this void for
IROS are the MISTR (GO19C) and Depot Production Management Cost System
(G072A/C). Neither of these systems, however, currently provides
direct weapon system visibility. Consequently, it will be necessary
to use a WUC:FSN:MDS mapping. For the FSNs that are common to several
weapon systems, the problem of allocating piece-part maintenance costs
to the respective MDS is more complex. The most practical solution
in the short run is for IROS to use the basic prorationing methodology
currently employed in the Depot Production Management Cost System work-
load by MDS product. In the long run, the proposed changes in the
Project Max design will provide these backshop costs directly by MDS.
Depot On~Equipment Maintenance. This category includes such costs

as those for PDM and are currently not even projected by IROS. At the
depot level, all the on-equipment aircraft repairs are monitored by the
Daily Automatic Rescheduling Technique (DART),T and directly reflect

*Project Max, currently under test by the Air Force, is a mainte-
nance management system developed for application to depot-level main-
tenance activities. See Project Max System Specifications for AFLC
Depot Maintenance Workload Management and Accounting, Part 1, OOAMA/MA,
1 September 1973.

+See AFLCM 171~-128 and AFLCM 66-1, Part 2, Chapter 1A for a dis-
cussion of the DART (GO37D) data system.
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work scheduled by WUC within MDS. A possible alternative data source
to the DART system is the Analytic Internal Determination for Depot

*
Level Maintenance System (G090).

Design Enhancements to the Current K051 Reports
Additional Costs. Currently the IROS LSC definition includes

costs for base maintenance, labor and material, transportation, con-
demnations, and a projection for SRA (depot) maintenance, labor, and
material. These costs do not reflect all LSCs for a weapon system,

and adding certain potentially useful cost categories should be con-
sidered, such as costs for AGE maintenance, pipeline spares, modifica-
tion hardware, technical training, and system management (see Fig. 3).
The advantage of incorporating these costs is that the KO51 reports
alone would more nearly provide a complete data source for useful weap-
on system LSCs. However, each additional cost category should first

be subjected to a cost/benefit assessment to the IROS program. We
believe that it would be operationally feasible to include these costs
in the KO51 reports, and, as an example, we describe how AGE mainte-
nance can be incorporated as part of the IROS LSC product. There is a
set of special WUCs used in the MDC 66-1 production control system to
manage and monitor base AGE maintenance. For those base locations
where the AGE is peculiar to the weapon system of interest, all the
AGE maintenance should be carried as an LSC component (according to

the WUC breakdown) for that weapon. If the support equipment is shared
by several weapon system types (e.g., different MDS), which is com-
monly the case, the total common AGE maintenance can be prorated. A
candidate allocation function is the ratio of the maintenance manhours
of the weapon system being costed, to the total maintenance manhours
for all the aircraft at the base using the common AGE. While an LSC
component derived this way would be only an estimate, it should be suf-
ficiently accurate, since maintenance manhours are a reasonable surro-
gate for prorations of this type. It will probably be necessary to
determine ratios for each set of homogeneous common AGE; that for

avionics, propulsion, etc. Whether certain AGE is peculiar or common

)
See AFLCM 171-141 for a discussion of G098.
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to a weapon system and the location of the AGE can be determined from
the DSDCO CO 13 Aerospace Ground Equipment Acquisitions Control System
(AGEACS).* This data system monitors the AGE locations at the base
levels only. For those AGE units located at depot Air Logistics Centers
(ALCs)+ or at a contractor, the specific repair facility management
would have to be contacted. For the AGE located at other than a base,
the AGE maintenance costs can be allocated in a manner similar to that
described for the base AGE maintenance.

Base Identification.¢ Base identification should be retained in

the KO51 reports so that maintenance and reliability performance can
be compared across bases for the same weapon where, for example, the
weapon is the prime user in one setting and a tenant in the other.
Also base identification could be useful as an aid in input data error
control.

*k
Logistic Support Cost Ranking. We have already noted that the

incompleteness and disproportionate representation of the LSCs in the
KO51 reports prevent that product from being very useful for LSC or

LCC analysis. In that earlier discussion it was tacitly assumed that
if the KO51 reports reflected all the costs they are designed to pre-
sent, it would be possible to identify items consuming too much support
resources. An item can be said to be consuming a disproportionate
share of logistics resources only when it uses more support resources
than it "should." We are interested in identifying the item or acti-
vity whose proportional excess of consumption over what it ''should"
consume is greater than for other items or activities, or if it is

above a prespecified cost threshold. To make this identification, we

*
See AFLCM 57-17 for a description of AGEACS.

+We include such special facilities as Aerospace Guidance and
Metrology Center as an Air Logistics Center.

¢When MDC 66-1 data are forwarded to AFLC for use in the KOS51
(IROS) and other data systems and programs, a base identification code
is added. See AFM 300-4 for a listing of these codes. Much base-
level logistics data editing and analysis results are presented in the
Project Performance System (DO-56). See AFLCM 171-45, 21 April 1974.

k%
We thank Stanley Besen for his comments which led to the formula-
tion of this argument.
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must know what the logistics support costs should be for an item, or
at least what the target or expected cost is,* and also the absolute
costs and number repaired of each item. We can then make the item
comparisons based on the average differences (between actual costs
measured and expected costs) and the total support costs.

Currently, IROS is designed to provide only the total LSCs and not
the average differences; target or expected costs are not part of the
IROS program. To determine if an item is consuming more support re-
sources than it should, we need an estimate of the costs it should
consume and the difference between these and the actual costs it is
consuming. Ideally, we would like a marginal cost comparison, but in
general marginal costs are not collected. However, we can approximate
the marginal costs from a history of average costs. The average cost
differences between an item's expected costs and actual costs, coupled
with the related total item support costs, would be sufficient to iden-
tify candidate items for LSC analysis. A ranking of the average cost
difference by item and the total item LSC would probably be more rele-
vant to the product improvement and logistics cost analysis decisionms.

Given that we can identify appropriate candidates for reliability
improvement and/or support cost reduction, there is still the problem
of deciding whether it is cost effective to do so. We do not foresee
a direct role for IROS in this aspect of the analysis.+ These deci-
sions are based on the marginal cost of reducing support cost or in-
creasing reliability and the marginal benefit of doing so. The margi-
nal benefit for doing so could in part be measured by the potential

*Depending upon whether the weapon system or the component is
old (operational) or new, different methods to establish "expected"
costs can be used. Historical trends using simple averages, exponen-
tial smoothing, or moving averages can be used for mature components.
In those instances where few or no historical data are available, a
target LSC can be estimated by using the AFLC/MMOA LSC model, which
is a function of logistics and policy parameters generally determined
in the preproduction and testing stages.

+For a discussion of reliability analysis see, S. P. Mercurio
and C. W. Skaggs, Reliability Acquieition Coet Study, General Electric
Co., RADE-TR-73-334, November 1973.
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savings in reducing current support costs of the item to its expected

costs, or even in reducing expected costs if the total LSCs are too
high.

DATA SYSTEM EDITS TO IMPROVE THE CURRENT KO51 REPORTS

In addition to the issue of design, there is a class of related

problems dealing with data collection and data processing quality and
completeness. These problems are an issue for both IROS and for the
systems it depends upon for input data. It is virtually impossible

to eliminate all errors of omission, syntax, and logic in complex data
collection systems. Nonetheless, we feel that improved data quality
can be attained for IROS with only a reasonable degree of additional
effort. For these data-error-related problems, it is awkward to dis-
tinguish between a correction to achieve the intent of the IROS design
and recommendations to enhance that design. Therefore our suggestions

to improve the quality of IROS input data are presented in one group.

Base Interrecord Logic Edit

Currently the MDC 66-1 data are edited to detect data entry omis-
sions and to check on intrarecord syntax; e.g., whether the entry is
properly alpha or numerically coded. However, there is no interrecord
error edit check. For example, for a given WUC maintenance action
initiated for a failure, a common logical sequence of records (actions)
includes a remove, a repair, and a replace. In a recent Rand study on
MDC 66-1 data,* missing data in- the above logical sequence was fre-
quently observed. That is, if only a remove and a replace were indi-
cated for a WUC, within the same job control number, logically some
repair action had to occur but was not entered into the data collec-
tion process. (Based on Rand recommendations, new edit programs will
be implemented throughout TAC in the near future.) This interrecord
logic check would impact principally on the MDC 66-1 data. Specifi-

cally, such a check would make the data more representative of the

*
Working paper by Anders Sweetland, "A Maintenance Data Inter-
Record Edit Program,' 1973.
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actual set of maintenance actions by identifying the missing data
records and filling the "holes" with a statistically averaged time or
cost. Since IROS is fundamentally dependent upon MDC 66-1 data for
base-level maintenance histories, improving MDC 66-1 should also im—

prove IROS.

Base Edit-Total Check

The above interrecord logical error edit check is aimed at improv-
ing the quality and completeness of input data for IROS. An additional
problem is that IROS is currently not capturing all of the present MDC
66-1 data. One reason for this is due to the current IROS definition
of LSCs, which explicitly omits certain data (such as AGE maintenance
costs). However, for the set of MDC 66-1 data that IROS is designed
to collect there are still large disparities between IROS and 66-1
totals. There is a need for an edit-total check to determine if IROS
is collecting all the "IROS-design-relevant' data available in the MDC
66-1 system. This edit should statistically compare the totals at
different levels within individual work unit codes, and should also
compare the aggregate weapon system totals in the two data systems.
Over time such total comparisons would indicate trends in the perfor-

mance of IROS.

Input Data Edits

The present IROS projections of depot-level maintenance labor and

material costs are inadequate. Until a "single thread" data system

is designed that allows a logical derivation of depot maintenance
actions as a function of base-level actions (e.g., maintenance, opera-
tions, deployment, mobility) and other weapon system characteristics
(e.g., AGE, missions), IROS should interface with existing data systems
for collecting depot data; candidate data systems are the GO72A/C,
G019C, G020, and DART.* Regardless of the data system selected for

*In addition to these data systems, mention has been made of the
Product Performance System--DO 56 (see AFLCM 171-45) as a possible
source of useful data for IROS. However, we feel that the data systems
noted in this discussion are more appropriate direct sources for the
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source data, an interrecord logical error edit check should be imple-
mented as part of the IROS input data collection process;

All of the depot-level production management systems employ a
standard hour projection to reflect the depot workload. It is not
clear what the inherent limitations on IROS analyses these projections
might impose. We feel that these depot data system products can help
IROS yield improved cost estimates. However, some appraisal is in
order to assess the 'estimated" error caused by the use of work stan-
dards to project a potentially very variable workload.* It is quite
possible that at the three-digit WUC and higher levels of aggregation,
the depot workload variability will be sufficiently masked that no
accuracy problems will be introduced.

Also, the base-level on-equipment maintenance costs as reflected
by the multiplication of a cost factor times MDC 66-1 data are only
partially captured by IROS. As with the engine base-level maintenance
costs, the on-equipment maintenance actions are supposed to be moni-
tored by the MDC 66-1 system. Clearly that system is the appropriate
source for this information. What is not clear is why the MDC 66-1
and IROS data are so different. We feel that a specific edit check
should be introduced to determine how and why the on-equipment mainte-
nance data are not being captured by IROS. This editing process would

be a logical extension of the edit called for above.

Partial Data Edit Check

The IROS program currently indicates by the symbol "p" in its LSC
displays when some cost element making up the dollar cost equation was
missing at the time of computation. Clearly the intent of this nota-
tion is to indicate that these partial costs are lower-bound estimates.
However, we do not know just how '"partial" these costs are, nor do we
know which kinds of "errors' are causing this problem. For example,

the occurrence of partial data could result from a mismatch between

missing data. This does not mean that the DO 56 system cannot or
should not be used. Certainly, the C-4 Master Files of FSC and WUC
are important references.

*
This point is a central argument in the Project Max analysis
cited above.
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WUC and FSN, or new FSNs, or in-process workloads. Even with different
depot-level input data, partial costs could still occur and should be

monitored by a specific edit check.

OPERATIONAL CHANGES TO IMPROVE THE CURRENT IROS LSC REPORTS

Our recommendations to correct and enhance the IROS LSC reports
concern management and analysis. They follow logically from the design
and edit error checks noted or from a need to improve the planning
for and decisionmaking about the IROS LSC programs. Most of these

operational recommendations concern enhancement to IROS.

Operational Corrections to the Current IROS LSC Reports

WUC:FSN:MDS Directory. The current design of IROS requires the

matching of FSNs between the base and depot level in order to project,
as a function of the base-level NRTS count, depot-level maintenance
costs. Our design changes that recommend the formal linking of IROS
with extant depot data systems also require a matching of FSNs within
WUC and weapon systems (MDS). For either of these approaches to work
well, an operational WUC:FSN:MDS directory must be established and
maintained. This directory would provide either a way to directly
identify and assign support costs to a WUC within a weapon system or

a basis to indirectly allocate the costs. It is not clear who should
have the responsibility for comstructing this directory.* It is clear,
however, that the IROS program will be a major user and should contrib-
ute to the maintenance and evaluation of it. This evaluation role
should be coupled with formal feedback to the generators of the WUC:FSN
directory.

*
The most straightforward development of this directory would be
at the point where the Initial Spares and Support Lists (ISSL) are pre-
pared at the provisioning conferences after DSARC III. At this time a
master list of all repairable spares is prepared which correlates FSNs
and contractor part numbers. (See AFM 67-1, Vol. 1, Part 1, AFLCM
65-3, and AFLCR 57-25.) The contractor, in the case of the A-7D, then
prepares a WUC-contractor part number directly (see Consolidated A-7
Work Unit Code List, LIV Aerospace Company, Report No. 2-566 42/OR-5577,
Dallas, Texas, 1 March 1973). Combining and maintaining these lists
will provide the necessary WUC:FSN:MDS directory.
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Operational Enhancement to the Current IROS LSC Reports

IROS Management. To implement the various recommendations in this

study it will be necessary for the IROS supervisory staff to see that
the additional planning and control evaluation activities are carried
out. It is vital that specific performance measures be established as
a basis for assessing how well the IROS LSC products are achieving

this stated objective, or of how useful they are to decisionmakers in-
volved in logistics analysis. Currently there are nine different IROS
LSC reports,* and it is not clear just how useful they are to weapon
system management and logistics analyses. As part of the IROS manage-—
ment tasks, at least the following set of issues should be investigated

on a recurring basis:

0 What impact have the IROS LSC ranking reports had on weapon
system costs of ownership, for example, by identifying high-
payoff modifications to lower LSCs and by providing useful
reliability and LSC data to designers and managers of new
weapon systems?

© Are total costs necessary for the IR0OS program or can statis-
tical samples be used?

0 How serious is the confounding of costs between the fourth-
and fifth-digit WUC levels?

o From the point of view of IROS cost analysis, are the current
WUC structures effective? If not, how can they be improved?

0 What is the sensitivity of the IROS LSC relative rankings to
the magnitude and nature of the partial data indicated in the
output products?

o What modifications to existing IROS LSC reports are needed
to make them more relevant and useful to weapon system manage-
ment decisions? Our recommendation to use the difference
between the average expected costs and the average actual

costs by FSN within WUC is a case in point. Another has to

*
Appendix A lists the different IROS LSC products that are cur-
rently produced.
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do with making IROS a fundamental link in the development of

life-cycle cost methodologies.

Cost Allocation Rules. Even with an operational WUC:FSN:MDS di-

rectory, it will still be necessary to allocate (i.e., aggregate back)
the repair costs for FSN items common to several higher assemblies or
weapon systems. Depending upon the nature of the part (e.g., avionics,
hydraulics, or airframe) the appropriate prorationing surrogate can be
different. In some instances, for example, the surrogate could be a
ratio using flying hours or base-level maintenance manhours. The pro-
rationing of costs should be an explicit, traceable function in the
IROS management group. Also, the uncertainty introduced by any pro-
rationing of costs should be assessed.

The following two recommendations are of secondary significance,
from the viewpoint of enhancement to IROS LSC reports.

Format Control. The KO51 report formats have been changed often.

Data previously included have been deleted, and new data elements have
been added. There is a need for a format control reference to coordi-
nate early and recent data.

Historical Data Base. For certain equipment (weapon systems or

items) it is often desirable to have LSC data for longer than a year.
For example, an analysis dealing with impacts of modifications on sup-
port costs of an item would find data over the life of the item most
useful. Of course, controls must be established over the selection

of equipment for which extended historical data would be stored.

In sum, we feel that by introducing explicit editing checks, by
devising a WUC:FSN:MDS directory to identify costs directly and to
provide a basis for allocating common item costs, by using data pro-
ducts from existing depot-level data systems, and by expanding the
IROS analysis and management function, the IROS LSC products can be
improved. A general schematic of a plausible data flow which incor-
porates most of the recommended corrections and enhancements is de-

picted in Fig. 3.



-38-

uolpipdaid y1oday 957 SOY| paAcidwi up o ﬂ:wEm_mllm By

!
i
!

§1502 JNM uowwod (Juswdinba

-uo) 1odep pue aseq [e301 JO

uoldUN} B SB S1S00 NS4 8lelold °q

189S DNM uowwoo ojul NS4 deyy e
:Butuopesoad wall uowwo) @

SAW pue JNM oo

paddew NS4 AQ 1509 swall seyndad |y @
NOosyo piodss BJO) @

ul-|jl} PJ0231 papIwWo

pue 3ooyo 2160| piodasalL| @

aouguUeIUIE 3de13U0) pue duebip
105 $$89044 Bujuopeiolg pue }p3

SUOIIBULIBPUOY JO uoneUIWISIad @

NS4 Pue DNM Aq uonnquisip 1013 ¢

uoneiosd
aoueusluiew juawdinbe uowwo) e

Noayo Bugddews DNMINSHd @
329yd pJodaJ |e10l @

ui-jlly 1028l
‘paiwo pue X0ayd oibo| piodaualul @

2382014 Bujuonesord pue p3

S
1
BuiiepiQ NSd 10/pue JNM UIMIM $0ST Perdedxy pue sOST ebeisay usemleg seousisyiq jo Bupjusy &sisusp n
SOW UM NS4 Pue DNM d
Aq 53507 uoneuwepuo) pus uonuliodsuel] ‘|BlGlely pue JoqeT ‘sdususiulely Jodeq pus sseg SOUI SIenge) —.”
0]
SUOIIRUWIBPUOD JO uoneuUILLBle] ¢ B ] NSd
. pue DNM AQ suonjeuwspuos aseq |elog
SAW 01 SONM O3 51502 NS4 depy o onM

pue NS4 AQq 1unod giHN aseq [euldy
NS4 pue ONMm Aq suonngiisip 10413
peppe "Q’| eseg

uopnesoad

soueualulew juswdinbs uowwo)

¥0ayo Buiddew DNMINSS
393ys piooas [e10}

ul-{|1} p4023s PaIUWO
pue xo9ayd 9160| p4odalsalu|

ssed01d Buguoneioid pue up3

Ao WON=-20"

NS4 AQ jeusjew pue sinoyuew
dtedas jusuodwod/ruswdinba-330)

sebueyd OL-ZL dd IT4V
Yum D6L0D B a/I/V ZL 09

sjied 10) SNSH4 pue DNM Ag |eusiews
pue sinoyuew ajueualulew juawdinbas-uQ

(aL£09) L4va

A

T3A37 10434

sued 404 SNSH yim ONM Ag
{ealewl pue sinoyuew adueudjulepy

1-0501 Aiddng pue (1-99 JAW) 8LO0D

T13A37T 3Sve

—Z200Fwn



-39-

Appendix A

ELEMENTS OF THE IROS PROGRAM

This appendix contains a listing, by subject, of the major seg-

ments of the IROS program. It has been adapted from briefing materials

prepared by Charles Feeley, AFLC/MMO.
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The four major segments of the IROS program are:

Logistic Support Cost Reports

KO51.PN1L (RCS: LOG-MMO(Q)7213), "Logistic Support Cost Ranking Selected
Items"

KOS1.PN2L (RCS: LOG-MMO(Q)7214), "Equivalent Rate Ranking Selected Items"

KO51.PN3L (RCS: LOG-MMO(Q)7213), "Logistic Support Cost Ranking Work Unit
Code Status"

KO51.PN4L (RCS: LOG-MMO(Q)7213), "Logistic Support Cost Breakdown Current
Quarters Computations"

KO51.PNSL (RCS: LOG-MMO(Q)7214), "Equivalent Rate Ranking Work Unit Code
Status"

KO51.PN8L (RCS: LOG~MMO(Q)7213), "Logistic Support Cost File Maintenance
Register" -

KO51.PW2L (RCS: LOG-MMO(Q)7213), "Logistic Support Cost Ranking Item
Manager Federal Stock Number Status“

KO>1.PW3L (RCS: LOG-MMO(Q)7213), "Logistic Support Cost Ranking Rank
of Ranks":

KO51.PWAL (RCS: LOG-MMO(Q)7213), "Logistic Support Cost Ranking Weapon
System Correlation"

Availability Ranking Reports

K051.30RA (RCS: LOG-MMO(Q)7216), "Rank Sequence by Aircraft Serial Number"

KO51.30RW (RCS: LOG-MMO(Q)7216), "Rank Sequence by Work Unit Code"

KO51.30RR (RCS: LOG-MMO(Q)7216), "High Degradation Work Unit Codes"

K051.30FW (RCS: LOG-MMO(Q)7216), "System Degradation Work Unit Code
Sequence"

KO51.30FA (RCS: LOG-MMO(Q)7216), "System Degradation Serial Number
Sequence"

Flight Safety Prediction Techniques

This segment is under development in San Antonio Air Materiel Area, Pro-
cessed in G095 Data Systems. Reports are not available.

Feedback of Operational Performance and Logistics Support Histories

Will be provided to new system design personnel by means of one-year
reliability-maintainability summaries, report DO56B5527 (RCS: LOG-MMO
(AF)7220). These summaries are available for major subsystems (two-digit
work unit code level), down to the lowest maintenance significant component
(five-digit work unit code level), on an as-required basis. Processing of
summaries will be concurrent with normal monthly processing frequencies of
the D056 (AFM 66-1) data system.
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Appendix B

IROS REFERENCES

AFLC Increase Reliability of Operational Systems IROS Program, Chapter
15, Cost Analysis, AFLCM 66-18.

AFLC Increase Reliability of Operational Systems IROS Program, AFLCR
400-16.

Logistics Support Cost Ranking, Chapter 17, AFLCM 66-18.

Increase Reliability of Operational Systems (IROS) Program, AFR 44-46,
March 18, 1965.

Increase Reliability of Operational Systems (IR0OS) Program, OCAMA R

400-6, November 14, 1967.
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