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<:§Qnagoa;ﬁ£'Consulting & Research, Inc. (MCR) was taakod-byw~7r"‘

the Office of the Assistant Secretary of Defense for Manpower,
Installations and Logistics, OASD(MI&L), under Phase I of con-
tract MDAS03-82-C=-0400, to:

Y ‘fdovolop and implement a methodology for projecting the
o long-term supply of manpower, by categories of apti-
: tude, in the non=prior service youth population;

9 design a procedure for determining, very early in the
’ acquisition process, manpower demand over the life
cycle of an individual weapon system)

[ implement and validate the demand projection methodol-
ogy b{ estimating manpower requirements for the Army's
Ml Main Battle Tank) and
» recommend ways in which to generalize the manpower
! demand methodology to weapon systems in all four

Services. ™
. . 1
These four tasks have been completed and documoncod.‘J
o~ S G
~-In the second phase of its work, Mcnéﬁat_boon tasked by

OASD (MRAGL) Eo¥ ) ’

e - further demonstrate the applicability of the Early=-On
Manpower Reguirements Estimation Methodology (EMREM)
and test the accuracy of its estimates for both high
and low technology syatemsg-and . .. 7 %, 174 A

® extend EMREM to tri-Service application.

i/ TR-8217-1, Estimation of Manpower Reguirements for Weapon Systems
in the Conce xploration ase, Managemen ng &
Regearch, Inc., Falls Church, Virginia, 15 April 1983,

TR-8217=2, Aptitude Content of the Non=Prior Service Youth and
Enlisted Apprentice Populations: -2 » Management
Tonsulting & Research,; Inc., Falls GChurch, Virginia,

1 December 1983.

TR-8217-3, Demonatration of the Early-On Manpower Reguirements
Estimation Methodology: M1 Abrams Maln Battle TanE, Management
Tonsulting & Research, Inc., Falls Church, Virginia,

30 September 1983,
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This report addresses the first of the Phase II tasks listed
above. It alsoc reviews MCR's methodology for determining weapon
system-specific enlisted manpower requirements during the Concept
Exploration Phase of the acquisition process., Analysis pertormed
on the second Phase Il topic is separately documented.z/
Implementation of these manpower supply and demand methodol-
ogies is intended to provide the Department of Defense with a means
to identify probable weapon system manning constraints while
systems are atill in the earliest stages of thel: acquisition

planning.

"AEEEgath~§JF"
WIS GRART A
DPTC TAB 5
Uaamnousead B

el .

»

Just gt lention I
By, . . vaan
_Distritationy

___4_\3:11-\‘,.1 iy (’nd;T

Avr il aud/op T
Dict | Sjapiml

s e

——

|

2/ TR-8317-2, Tri-Service Applicability of the Early-On Manpower
Requirement8 Estimation EeEHoEoIog*, Management *onsuItIng &
a 8

esearch, Inc., urch, rginia, 31 December 1983,
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1. INTRODUCTION

Estimation of the manpower reqguirements for weapon systems
that are in the early stages of their acquisition process is very
important to defense planners., There are several reasons for
this., First, weapon systems are becoming increasingly complex
technologically. 8ince it takes a number of years to train
individuals to operate and maintain complex systems, planning
lead-time is needed to fully staff the operator and support pipe-
lines. Second, the supply of young men and women eligible to
enter military service is declining and will continue to do so
until the mid-1990s, Acquisition managers and weapon system
designers must be sensitive to that fact and the increasing com-
petition for a scarce resource that will ensue. Finally, person-
nel costs have been and will continue to be the single largest
portion of the Department of Defense budget. We should expect
those costs to increase, especially in light of the declining
supply of non-prior Service youth. Early estimation of manpower
requirements for a weapon system may ultimately lead to better
(i.0., more maintainable) designs and ensure the availability of

appropriate numbers of skilled operator and support personnel.

A, BACKGROUND

Management Consulting & Research, Inc. (MCR) has been tasked
by the Office of the Assistant Secretary of Defense for Manpower,
Installations and Logistics, OASD(MI&L), to develop and demon-

strate a methodology for projecting weapon system-specific enlisted

[ ST
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manpower requirements in the Concept Exploration Phase of a wea-

pon system acquilition.g/ The Early=-On Manpower Reguirements

Mt SR
B — I

. Estimation Methodology (EMREM), developed and initially demon-

v i b’ i R}

" strated on the M1 Abrams Main Battle Tank in Phase I of this

£l

e |

study, was developed in response to that requirement. EMREM is

o designed to:
. [} focus on enlisted military personnel involved in the
- operation and support of a weapon system,
[
] consider changes in manpower requirements that can
ocgur during the operational life of a weapon system,
an

° use readily available data.

s tj This manpower requirements estimation methodology is designed
to be compatible with MCR's proposed manpower supply projection
muthodology.ij For this reason, manpower requirements described

‘ I in this report are tranlllated into requirements for manpower in
particular Aptitude Clustoru.éj Aptitude Clusters are genseral

o groupings of similar skills and capabilities needed to qualify for
l jobs in the military,

MCR has been tasked in Phase II to further demonstrate EMREM fﬁ

on two additional weapon systems, the AH-64 Apache and the UH-60A i?g

~ 3/ This is part of an overall study to develop and demonstrate :T

' methodologies for estimating the long-term supply and demand for fgﬂ
enlisted military manpower, presented in terms of aptitude cate- o0

N gories. .ié
; - 4/ tr-8217-2, Aptitude Content of the Non-Prior Service Youth and v
O Enlisted Apprentice Populationsi - » Managemen onsulting o)
N % Research, Inc., Falls Church, virginlia, 30 September 1983, s
. . :.1

. S/ A complete description of Aptitude Clusters is contained in the 'ﬂ
Y MCR report TR-8217-2 referenced above. An overview of the R
-[ cluster concept is contajined in Appendix A. -
i

L, 1-2 -
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V.
Black Hawk helicopters. These demonstrations are intended to

! address the ability of analysts and designers to evaluate the

" impact on manpower requiremsnts of different technologies. The

E‘ AH-64 was chosen to represent a high technology system; the

- UH=-6UA was chosen as the counterpart low technology system.

E This report documents MCR's application of EMREM on both the

ﬁﬁ AH-64 Apache and UH-60A Black Hawk helicopters. In applying the

- methodology, we have attempted to use only data that were avail-
able in the early stages (i.e., Pre-DSARC Milestone I) of both

' weapon system acquisitions, A true test of the methodology

ﬁ would have been achieved if all the data used were prior to 1972,

e the end of the respective AH-64 and UH-60A Concept Exploration

M Phases, However, because the complete historical files on both

i systems are unavailable, certain concessions were made in this

i demonstration of EMREM. The result is a demonstration of the
methodology as it could have been performed later in the respec-

" tive acquisition cycles. However, if the historical record were
3 intact, a "Concept Exploration Phase estimate" of the manpower

requirements for both weapon systems could have been made using
EMREM., The larger goal of demonstrating early technology impli-

cations on manpower requirements has been achieved.

“. B. ORGANIZATION OF THIS REPORT

vis

. Section II of this report provides an overview of the EMREM

y methodology developed by MCR.E/ Also included in that section is

1

[_ 6/ A more detailed description of the methodology and considerations
relating to its use are contained in the MCR report documenting

- the first task in Phase I of the study: TR-8217-3, Demonstration

e of the Earlyv-On Manpower Requirements Estimation Methodology:

AR MT Abrams Maln Battle Tank, referenced above.

e e e
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E a brief discussion of the data available and appropriate for use
in these demonstrations.,

! Sections III and IV document the EMREM analyses for the
AH-64 and UH-60A helicopters, respectively. These two sections
parallel each other and are structured according to the parts of
the EMREM, 1Included in each are summaries of the hardware char-
acterization for the new systems, a d1IQUI‘ion of the possible
baseline systems, and a description of the new system in terms of
the appropriate baseline system/subsystem characteristics. The
actual development of manpower requirements estimates starting
with the identification and collection of relevant data, and
ending with the calculation of the estimate and the translation
of the estimate to Aptitude Cluster requirements, are also
briefly described.

Overall conclusions regarding this demonstration of EMREM
are presented in Section V.

Following these sections is a set of appendices which pro~
vide additional technical information and document the references

uged in this analysis.
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Il1. AN OVERVIEW OF THE EARLY-ON MANPOWER REQUIREMENTS
ESTIMATION METHODOLLGY
This section describes the basic structure of MCR's Early=-on
Manpower Requirements Estimation Methodology (EMREM). This dis-
cussion concentrates on the structure of the methodology, the
sources of data needed to implement the methodology on Army sys-

tems, and the data available for use in the current demonstrations.

A, STRUCTURE OF THE METHODOLOGY

The structure of the proposed manpower demand projection
methodology is illustrated in Exhibit 1I-1, There are two major
parts to the methodology, comprising a sequence of six analytical
steps. These are:

Part 1, Hardware Characterization

‘& Identify Baseline Weapon System
b, Determine Baseline Weapon System
Characteristics Changes
Ce Develop New Weapon Bystem Description
Part 2. Manpower Requirements Estimation
a. Identify and Collect data on Manpower and Planned
System Applications
b, Develop Manpower Estimates for New Weapon System
C. Translate Requirements into Aptitude Clusters
A brief description of the methodology is provided below,
1, Hardware Characterization
The first part of the MCR methodology focuses on the
identification of the hardware characteristics of the "new"

system. By "new", we mean a weapon system concept that is being

considered for acquisition and is the focus of the new design




-

Mission Need Statement

PART 1. HARDWARE CHARACTERIZATION

Identify Basealine Weapon Systam

Detearmine Basaline Weapon System
racteristics Changes

ws
-~

-

Devalop New Wcipon
System Description

: PART 2. MANPOVER REQUIREMENTS ESTIMATION
Identify and Collact Data
) on Manpowsr and
9 Planned System Applications

"
e .

:

Davelop Manpower Estimates
for New Weapon System

]

Translate Requirements
into Aptitude Clusters

Exhibit II-1. SUMMARY OF THE EARLY-ON
MANPOWER REQUIREMENTS ESTIMATION METHODOLOGY (EMREM)
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effort. The system may be required to face a completely new

threat, replace an existing system or systems, or to exploit

E emerging tochnology. The need for this system is presented in
its mission need statement.

As with the estimation of manpower requirements, the
hardware characterization for the new system relies on compara-~
bility analysis., Planned characteristics for the new system are
compared to characteristics of existing systems, with each sub-
system examined largely independently. Most resocurce analysis

esarly in the development of a weapon system design uses this

approach to some extent, Current OsD policy in the form of

MIL-STD-1388~-1A, Logistic Support Analysis (April 1983), advo-

R cates the use of comparability analysis in developing early
h. resource requirement estimates,
a. Identify the Baseline Weapon System

;; The baseline lyntomZ/ is that system (or systems)
‘ already in the force structure which most closely relates to the
design, performance, and support characteristics of the new sys-
tem. That system is, in effect, the baseline from which new

designs or concepts are evaluated.

The purpose of the baseline system is to establish
a atarting point for considering hardware characteristics and
manpower data that may be extrapolated to the new system. 1In

determining the baseline system, the objective is to achieve the

1/ The reterence to a single baseline system is made only to sim-
plify the discussion, In actual practice, several systems or
portions of several systems, representing specific capabilities
required of the new system may be used., 1In this application of
EMREM to the AH-64 and UH-60A both primary and secondary baseline IS
systems are used for this purpose. R
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most detailed description of performance parameters and hardware
characteristics that can be developed from the mission need
statement. This allows greater confidence in using the baseline
system manpower requirements as an analog for establishing the

new system manpower estimates.

¥ b. Determine the Baseline Weapon System Character=-
sticse anges '

X Having identified the primary and any secondary
baseline systems, which are to serve as the principal source of
historical hardware and manpower data, it is important to isolate
the elements of the baseline system that are shared with the new
system. The basic approach taken in analyzing potential differ=-
“ ences betweon the new and existing systems is to identify those
hardware features of the baseline system that are inconsistent
with the postulated mission need. These subsystems wil. be used

as the basis for exploring the appropriateness of related man-

P

power requirements in the development of the new system manpower
estimate,

€. Develop New Weapon System Description

Having identified those characteristics of the

baseline system that can be considered functionally similar to
(or wholly in common with) the new syatem, the next step is to
complete the hardware characterisitics definition of the new sys-
tem. That involves completing the list of new system subsystems
E and identifying subsystem functions that appear to require new or

modified hardware,

£ £
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It is possible that one or more of the new system
requirements may have no functional relationship with any exist-
ing system or subsystem. These requirements can be classified as
developmental, in that no baseline or in-service system data is
available for any functional hardware. In these instances, a
proxy for the system characteristic could be selected based on
the perceived similarity of manpower reguirements, or additional
analysis supplementing the main estimating effort could be
performed to develop preliminary estimates for individual devel-
opmental subsystems. In any case, the historical data ulti-
mately used may require tailoring to "fit" the new system.
Information concerning the definition of the new system hardware
characteristics and the relationship of these to in-service and
developmental subaystems usually comes from system designers or
other specialists.

The ultimate product of the first part of the
EMREM methodology, the Hardward Charactorization, is a description
of the new system. This description is provided as a list of the
set of subsystems contained in the system, associated with a
yeneral description of the performance parameters and operational
requirements contained in the mission need statement,

The list of hardware characteristics developed in
this part of the EMREM methodology acts as the guide for develop-

ing the manpower estimates in the next part of the analysis.

2, Manpower Reguirements Estimation
The analysis as developed thus far lays the groundwork

for developing an initial estimate of weapon aystem manpower




requirements., For the purposes of this analysis, this involves
! determining the total number of enlisted operators (or crew) and
enlisted below=depot~level maintenance personnel required by the

system, It is presented in the context of the organizational

L

unit in which the system will be deployed.

s eam

R The manpower estimate is developed in three steps, each

of which is outlined below.

Tar

127

In order to develop estimates of manpower require~-

5 ments, a variety of data must be identified. Information on the

i planned operational environment, the general structure of the

E organizational unit, the number of systems to be assigned to .
organizational units, maintainability and repairability goals,

‘ and actual manpower data must be collected. The methodology

o largely relies on the use of historical manpower data for the

P baseline system for estimating maintenance manpovwer reqguirements.

! While estimates developed later in the design process can use

| planned system operational data to develop new system require-
ments estimates, very early manpower estimating must rely on

* adapting historical experience to the new application. (The

E} reconstruction of an historical data file no longer intact

E presents additional concerns which are discussed later in this

N section,)

~

e b. Develop Manpower Estimates for the New Weapon

ystem
The hardware characterization developed for the

T

T
P
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new waapon system forms the basis for subsequently developing

. estimates of manpower requirements for that system., As explained
in the dilqulsion of the hardware characterization, the subsys-
23 tems planned for the new system are related to those of the

primary and secondary baseline systems, Subsystem functions

..
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common to both the new and baseline systems are identified after
comparing the functional requirements (i.e., planned operational He

environment, usage rates, maintenince philosophy) of the new

o 1

P i D

F ot et

system to the baseline. Those subsystems not found to be similar

N

ol Yy e

to baseline subsystems are compared to other in-service systems.

.

t]

This analysis oxbandl on the hardware characterization for the

g 5

purpose of identifying the availability and appropriateness of

S .
S ‘n'x
TN

historical manpower data. 1Ideally data should be in the form of

P8
e

maintenance manhours per operational hour or increment (e.g.,

o
=B,

flying hour, mile, etc.,) or in a form which can be converted to

L 28 Saak N 4

this type of data for each subsystem. The historical manpower

BATRSE S
o _m A =

data adapted from the baselines will be used as the basis for

developing subsystem manpower "modules" for the new system in the

SO i X

ﬁl}t same way that hardware characteristic groups are developed in the Q?
) tirst part of the methodology. There may, of course, be elements i
E of the new system that have no direct analog in already opera- ZZ
iy tional equipment. A proxy for those functions must be identified :
3 i; from the set of subsystems actually in the force structure in E:
0 order to maximize (if possible) the use of historical manpower ‘;
4 data,
ﬁ[; The maintenance manpower requirements experience i
) assoclatea with those subsystems common to both the baseline and .
:' I1-7 -
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new weapon systems is discerned by examining the historical
- (actual) data on the baseline system. For those in-service sub-

systems, & similar approach is used. Attributable manpower

.ﬁ: requirements can be obtained hy extrapolating from other weapon

E"' systems the maintenance experience peculiar to the new features.
gﬁ Using the historical and derived manpower for each
ke of the subsystems, an aggregate estimate of total enlisted
iui below-depot-level maintenance and operator/crew manhour require=

'ﬁ ments is initially developed and then aggregated to manpower

o requirements. These manhour and manpower estimates are developed

Eﬁ in terms of requirements for specific enlisted military occupa-

he tions. In order to represent potential uncertainty in these

L ‘ltimltOI, ranges of requirements are generated., This is

. accomplished by changing the various input data, usually the

;. usage rate (number of flying hours per year, in the case of the

ﬁ AH-64 and UH=60A helicopters). When possible, peacetime and

n wartime estimates have been dovolop-od by subsystem/occupation in

- order to demonstrate this capability (currently required in

MIL=-8TD=138H~1A).

_ c. Translate Reguirements into Aptitude Clusters

" Having developed the set of new weapon system man=

o power sstimates, the final step in the EMREM process is the

= translation of those estimates from military occupations to

E; Aptitude Cluster requirements. The purpose of this step is to

. present the reguirements in terms compatible with MCR's proposed

[j supply projection methodology. The Aptitude Clusters represent _
: s
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the aggregation of Service aptitude composites into a single set
of seven groupings. The aptitude composites represent the capa-

bilities the Services have determined to be most closely asso-

o

ciated with their particular occupations. The definitions of the

Aptitude Clusters are summarized in Appendix A,

B, EXAMINATION OF MANPOWER DOCUMENTS USED IN EMREM

As mentioned above, this demonstration of EMREM is meant to

test its use on both high and low technology systems. For this

demonstration, the AH=-64 was selacted as the high technology

system while the UH=60A representa the low technology system.

This section presents an overview of the documents that are pre-

pared for Army weapon systems along with a discussion of the

documents used in these EMREM applications,

Exhibit II-2 summarizes the documents and document types

that are prepared for Army weapon systems. Note that the docu-

ments have been grouped into three categories:

° regularly generated or standard documents,

° programmatic documents, and

) special studies.

The distinguishing criterion among these three document types is

the consistency or uniformity of the data contained in the

reports categorized.

As used here, the term “standard documents" refers to those

documents prepared on a regular basis for Army weapon systems.

They have contents that are of a substantially uniform nature

I1-9
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across weapon systems, It is this group of documents which EMREM

é# is proposed to most heavily utilize, There are four standard

;i:.‘ ! documents considered to be potential sources of data for this

e oy type of analysis:

ﬁ? ¢ [ the Qualitative and Quantitative Personnel Requirements

" - Information (QQPRI),

%E'" e  Manpower Authorization Standards and Criteria (MACRIT),

¥§ iﬁ [ ] Tables of Authorization and Equipment (TOE), and

;h . ® Army Modernization Information Memorandum (AMIM),

‘a}iﬁ Programmatic documents are those documents that are typi-

&E,S cllly'proparod for Army weapon systems, but have contents that

TH I need not be uniform across veapon systems or even across repeated

$§ ﬁe preparations for the same weapon system., Often their contents

ﬂ? i reflect specially tailored data collection efforts as opposed to

: . a standard data collection., Three types of reports are developed

, that fall into this category:

-é&'& o Sample Data Collections (8DC),

,‘l_\ L [ developmental test (DT) reports, and

i;lc ° operational test (OT) reports.

;;}E The final category, special studies, includes documents pre-

fﬁ - pared in response to a specific analytical requirement. Examples

fé N of these special studies are task force reports and special cost i
?Q o analyses, : : gg
't = The extent to which any type of data influences the EMREM .
;§ k? estimates depends largely on data availability. The ideal set of ;#
$f f_ data for the current application of EMREM (i.e., baseline subsystem Eé
+1
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R . v

\‘

N e T N e 8 D N N N et e T e




manpower data available before the new system's DSARC Milestone

! I) is incomplete. Much of the appropriate data, which are known
to have been prepared by the Army, are now unobtainable.
EE& The availability of data for this application is discuased
| ;| at this point in the report because we believe there are inherent
Q{ problems associated with reconstructing historical data and they
i have atfected this analysis. Application of EMREM on a weapon
- system currently in concept exploration would not confront these
& problems since appropriate contemporary data for actual or analog
: systems should be available or could be developed for the analy-
Iﬁ sis at the time. In normal applications, the analysis of the
o availability and appropriateness of manpower data would occur
8 after the characterization of the hardware, as part of the devel-
. opment of the manpower estimates.
ﬁ: c. APPROPRIATE DATA FOR THE AH-~64 AND UH~-60A APPLICATIONS
= At this point, the set of potential input data is narrowed
. down to those actually used in the EMREM calculation, In doing
. 80; the reagsons that only some data were suitable as input are
Sﬁ explained., The actual data used in this caluclation are included
F: in the EMREM program listing in Appendix A of this report.
8 8ince this is an historical reconstruction, the selection of
55 the documents used in this analysis has been limited to those
- currently available. Exhibit II-3 outlines the status of docu-
i: ment availability for the AH-64, UH-60A, and the respective base-~
., line systems.
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INATATI

WEAPON SYSTEM

DOCUMENT

AH-1G

AB=38

AH=64

UR=1H

YUH=-60A

UH=-60A

QQPRI
MACRIT

TOE
AMIM

8nC

oT

bT

Maintainabllity
Program Plan

Task Force
Reports

VA

UA
NA
UA

UA

UA

NA

UA
UA
UA
VA
UA
UA

UA

UA

NA
NA
VA
UA

X
NA
NA
NA

NA

UA

NA

UA
UA
UA
UA
UA

NA

NA

NA
NA
RA
UA
UA

NA

UA
NA
X

X

NA
UA
UA
UA

NA

UA = Unavailable data
X = Available and used data
NA = Data not appropriate for use in this study

Exhibit II=-3.
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AVAILABLE MANPOWER REQUIREMENTS DATA:

AH~64 and UH-60A
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A "UA" denotes that a document may have been prepared for the wea-
pon system, but was unavailable for use in this analysis. An

*"X* gignifies that the referenced report was obtained and appro-
priate for the current application of EMREM, An "NA® denotes

that a document was not appropriate for this EMREM application
because of its age (i.e., the document was prepared well after
Milestone I for the weapon system) or lack of relevant information.

In this analysis, the intention has been to use pre-DSARC I
data exclusively. To the degree possible this has been followed.
However, for both the AH-64 and the UH-60A, a full set of circa
pre-DSARC I data is no longer available, It a full set of data
had been available, then it is doubtful that data for less
desirable baseline systems, such as the YUH-6UA would have been
used, The use of the limited data that are now available for more
contemporary systems, such as the UH~lH pre-DSARC I system, wao
also not considered appropriate in some cases because they did
not represent significant technoclog-ical similarity with the new
systems.

As can be seen from the limited range of data, the selection
of the respective baseline systems was based largely on the
availability of supporting documents, In the case of the UH-GUA
analysis, this has significantly influenced the type of analysis
which has been done.

In the next section, the EMREM analysis performed on the

AH-64 is discussed,

II-14
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I1I. EMREM APPLICATION: AH~64 APACHE HELICOPTER

Having completed an overview of EMREM, we now discuis its
o application to the Army's Advanced Attack Helicopter, the AlL-64
Apache. The AH-64 is a twin-engine, four-bladed helicopter
operated by a tandem—-seated crew of two. The pilot is located in
) the rear cockpit, with the copilot/gunner occupying the forward
position. The AH-64 is the first Army Attack Helicopter to be
developed specifically for day, night, and adverse weather opera-
tions., Its missions include anti-armor, covering force, flank

security, economy of force, and airmobile escort. The AH=64,

. which is being built by Hughes Helicopters, is tentatively sched-
) uled for fielding in February 1984, -

The discussion of the EMREM application to the AH=64 is pre-

sented in two main parts, the Hardware Characterization and Man-

power Reqguirements Estimation.

A. HARDWARE CHARACTERIZATION

The Hardware Characterization of the AH-64 is described

below in terms of the following three ateps of Part 1 of EMREM:

1, Identify Baseline Weapon System,

2, Determine Baseline Weapon System Changes, and

3. Develop New Weapon System Deacription.

. Each of these is described below.

1, ldentify Baseline Weapon System 'ﬂ}?
As discussed in the last section, the baseline system

is used to establish a starting point for considering hardware

III-1
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characterization and manpower requirements data that may be

applied to the new system undergoing study. In determining the

baseline system or systems, the objective is to achieve the most
 5; detailed description of performance parameters and hardware
characterisitics available. This allows yreater confidence in
using the baseline system manpower requirements to establish man-
‘ﬁ power estimates for the new system,

For the AH~64, MCR chose primary and secondary baseline

ki systems. The primary baseline system represents the existing

system which most closely resembles the proposed new system (the
- AH=64). The primary baseline system provides a generic descrip-
f; tion of hardware information and specific engineering and man~
power data. The secondary baseline system provides additional
ingquation on those systems not currently found on the baseline
lysgem but expected to be on the new lyatom.g/ In addition, the
b primary and secondary baseline systems are chosen based on thoir
L relationship to the DSARC Milestone I date of the new system, in
this case September 1972, 1Ideally, the baseline weapcn system
should have been fielded before the initiation of Concept

Exploration for the new system,

g; Exhibit III-1l illustrates the evolution of U,8, attack heli-
hi copters, For this demonstration of EMREM, the primary baseline

- system chosen for the AH~64 is the AH-56 Cheyenne helicopter. The
ﬁ: secondary baseline system is the AH-1G Huey Cobra. As can be

23
% aa

8/ 1n géneral, more than one secondary baseline may be chosen, 1In
fact, the secondary systems may be from a completely different
class of weapon system than the new system.

A
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"seen in this time line, these are the only two systems available

ll before the DSARC I Milestone of the AH-64.
B While the baseline systems may not completely represent all
fj;_‘ the characteristics to be embodied in the new system, they do
‘ﬁ present the best starting point from which to identitfy hardware
E and manpower characteristics the new system will possess. Due to
%ﬁ the lack of new system detail available in the Concept Explora-
ﬁﬁ tion Phase, the modular approach implemented by EMREM identifies
gi the best approximation of the new systaem.
kt 2, Determine Baseline Weapon System Changes
" Having identified the baseline systems, which serve as
k? the principal source of historical hardware and manpower reguire-
b ments data, it is important to isolate the elements of those
i baseline systems that are or are not shared with the new system.
: In applying EMREM, the basic approach taken in analysing the
&3 differences between the new and baseline systems is to consider
. the similarity of their hardware characteristics and perfor-
mance requirements. Much information is provided in the new
system mission need statement. The primary baseline system, in
its function as a starting point for describing the new system,
:: is largely considered in terms of specifically non-transferrable
. characteristics, i.e., subsystems it will not have in common with
N the new system. The secondary baselines act as sources to pro-
vide these "missing" data.
The subsystems requiring substitutions were identified
if by MCR through the use of an aggregate work breakdown structure
L 111-4 :
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(WBS). The WBS used here has been developed by modifying the

AH=64 and UH-60A are intended to be deployed together and early

. fixed-wing aircraft WBS, since there is no generally accepted WBS

. for helicopters. Exhibit III-2 indicates the 10 functional sub~-

Eﬁ systems identified and used in this EMREM demonstration.

a As indicated earlier, the major source of descriptive

H hardware information available at the Concept Exploration Phase

Qy is the mission need statement. This document outlines the per-

i formance parameters and hardware features required of the new

i system. The subsystems requiring substitution were identified by

:‘ MCR by comparing the performance and design parameters of the

EE baseline weapon systems. As a result, MCR chose all but three

- subsysteme from the AH-56, as representative of subsystems to be

tﬁ found on the new system. The AH-1G was used as the source for

.’ two of the other subsystems, hydraulics/utilities and olcctricalr

systems, based on analysis of the mission need reguirements. The
:§ tenth subsystem, the vehicle power plant, was not selected from
P either of the two baseline systems since it was a newly developed
system, Exhibit IXI-3 specifies the AH-64 baseline subsystems

p chosen for this analysis.

3 The vehicle power plant used in this analysis was the

:l one originally selected by the Army in December 1971 for use in
Eu; both the AH=-64 and the new utility tactical transport aircraft
i ﬁ: system (UTTAS) YUH~60A, a prototype of the UH-60A, This is the
L GE-T700 ungeared, free turbine, turbo shaft engine. There are a R
E . number of reasons why these two aircraft, although designed for E;ﬁg
ii? significantly different missions, would have the same engine. The EE:
X e
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SUBSYSTEM BASELINE SYSTZM

P

t Airframe/Landing Gear AH=-56

b Rotor Group/Transmission AH=56

FC Power Plant/Auxiliary Power Plant YUH=60A
Hydraulics/Utilities AH-1G
Electrical Bystem AH-1G
Flight Controls AH=56
Instruments AH-56
Avionics AH=-56
Fire Control/Automatic Test AH=-86

Equipment

Armament AH=-56

Exhibit III-3. AH-64 BASELINE SUBSYSTEM SELECTION
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planning for both systems advocated compatability between the two

aircratt, Also, in keeping with the Army's modular approach for

-]

aviation maintenance, having similar engines on aircraft which

are deployed together should enable a more efficient and effec-

ML Al

tive use of maintenance resources. In addition, it was clearly

possible to rlan for such commonality since the development of

the two systorns were chronclogically related. As can be seen in

DL S

the development timeline for the AH~64 (Exhibit III-l) as well as

the correspording one for the UH-60A, the AH-64 DSARC I occurred

in September 1972, while the mission need for the UH-60A wasg
issued slightly earlier, in February 1972, The UH=60A mission
need statement indicated the Army's intention of having the AH-b4

engine used on the UH~6UA as it became available. The transfer-
rance of technology developed on one system (even if that aystem
is not produced) to later systems is not unusual in helicopter
development, as will be seen in the discussion of the UH=60A,

The baseline subsystems discussed in this section are
used in the next section to formulate the new weapon system
description.

3. Develop New Weapon System Description

A3 noted in the discussion of the WBS used in this
analysis, 10 subsystems were identified as representing the major
hardware groups on a generic helicopter, with elements such as
armament being more mission specific. In the preceeding steps,
analogs for each of these subsystems were identified, to be used

as representstive of hardware and performance characteristics for

e e e e L e e e e e e
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the new system. As noted earlier, all but one of the subsystems
were selected from the two baselines, with the exception being
the vehicle power plant, which was a newly developed system,

Having identified tentative selections for each of the
generic subsystems, in this step the hardware characterization
for the new system is refined. This largely entails & more
detailed review and reevaluation of the preceeding comparability
analysis, with a view towards identifying any concerns which must
be noted in using the manpower data related to these baseline
subsystens,

Taken together these 10 subsystems provide the best
possible functional description (based solely on the mission need
statement) of the Advanced Attack ﬁolicoptor. The justification
for choosing each of the subsystems is reviewed below:

] The AH-56 airframe was chosen hecause its silhouette
most closely resembles the silhouette of the proposed

AH=64, B8ince the size of the silhouette has a negli-

gible effect on maintenance requirements, the AH-56

airframe provides the best description of the proposed
airframe of the new system. The AH-56 landin ear was
selected based on a specification in the mIsqun need
statement for wheeled, as opposed to the non-retractable,
tubular, skid-type landing gear. During the Concept
Exploration Phase for the AH-64, only the wheeled )and~
ing gear of the AH~36 fulfilled this requirement.

® The AH~56 rotor group, which includes the transmission,
was selected based on statements in the mission nee
roquirin? the AH-64 toc employ the most advanced technol-
ogy feasible. During the Concept Exploration Phase the
AH~56 rotor group represented this advanced technology.

® The selection of the YUH-6UA GE-T700 power plant was
addresseqd earlier,
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° The hydraulics/utilities and electrical s¥stem were
chosen from the AH=-1G., Information contained in the
mission need statement did not identify required
changes to these subsystems,

° The AH-56 flight controls, instruments and avionics
N were selected since they moat closely satis¥y the per-
* formance specifications outlined in the mission need
statement.

® The fire control and automatic test egquipment were
chosen from the AH=56, The AH-56 Inciuaol such hard~
ware features as an automatic stabilization system,
laser range~finder, helmet sighting system and a fire

control computer, all of which were specified in the
mission need statement,

° The armament selected from the AH~56 are its Point Tar~-
get Weapon Subsystem, Area Weapon Subsystem, and Aerial
Rocket Subsystem., These most closely resemble those
postulated in the mission need statement for the AH=~64,

Based on the selection of these subsystems, we next

examined the availability of manpower data which could be used in

developing the maripower requirements estimates.

B, AH-64 EMREM MANPOWER REQUIREMENTS ESTIMATION

The development of the manpower estimate for the AH=64 was

bagsed on the application of baseline subsystem requirements data

to the new system operational characteristics. Allocations of

manpower are made for the organizational units and relevant por-

tions of the intermediate maintenance units. The organizational

unit used for this purpose is the Air Cavalry Squadron of an Air

Assault Division. Consideration of operator personnel (pilot

and co-pilot/gunner) are excluded from this analysis because

those positions are filled by officers or warrant officers, and,

in this application of EMREM, we are only concerned with enlisted

II11-10
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personnel reguirements. The manpower requirements estimation

process is discussed in three parts:
1, Identify and Collect Data,
v 2, Develop Manpower Roguirements Estimates, and
3. Translate Requirements Into Aptitude Clusters.
Each of these steps is discussed below.

5 1, Identify and Collect Data
: As mentioned earlier, the availability of applicable

manpower requirements data significantly impacted this analysis.
S8ince this demonstration of EMREM involved an historical recon-
v struction of data, the use of particular documents was determined

by their current ivailability. Much of the relevant manpower

LR Y

data (for the baseline systems) that were documented prior to
Milestone I for the AH=64 are currently unavailable. \

An original intention of the EMREM was to be able to

o, iE

estimate manpower requirements for the different phases of the
system's life cycle (i,e., initial deployment, steady state and
. post produgtion). In the first application of EMREM to an Army

‘lyltom, the M1l Abrams Main Battle Tank, insufficient data was

found to support any but steady-state-type estimates. Research
i into the availability of data to support the AH-64 (as well as
the UH-60A) EMREM analysis has produced no suitable data to sup-
“port the full life cycle analysis that might have been done
before the system's DSARC Milestone I. For this reason, only a

steady-state-type analysis, more closely related to the type of

g >
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estimate represented in Army staffing documents, has been
possible for the AH-64,

The data used in the AH-64 EMREM application came from
three sources, as noted in Exhibit III-4., Again, the sources of
data are limited due to an inability to reconstruct the complete
historical data file available in 1972, These sources were found
to be the only ones suitable for use in this analysis. 8pecifi-~
cally, subsystem-level data on maintenance manhours per flying
hour (MMH/FH) one of the critical data types for EMREM analysis
were obtained from each of these sources and were used as EMREM
input data, 1In calculating manpower requirements estimates, the
EMREM progam documented in Appendix B uses, in addition to
MMH/FH, the size of the organizational unit and planned annual
usage rates, Both of these parameters are addressed in detail in
the following discussion,

'N

Develop Manpower Reguirements Estimates

In order to actually calculate the manpower require-
ments estimates, specific data must be extracted from the source
documents., The data are used to calculate the manhours required
by each subsystem in terms of the military occupations which work
on the subsystem, and then translated into numbers of individuals
required in each of these enlisted occupations. This is accom-
plished by performing the following six steps:

° relate the baseline subsystems developed in the hard-
ware characterization to their associated maintenance

Military Occupational Specialty (MUS)1

° determine the size of the organizational unit in which
the new system is to be deployed;

I11-12
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:{.. BUBS YSTEM SELINE ] MANPOW!

v iy

’F Airframe/Landing Gear AH=56 AAH TF Report

b Rotor Group/Transmission AH=-56 AAH TF Report
Power Plant/Auxiliary Power Plant YUH=SOA Sikorsky YUH=80A Aircraft

I Maintainability Prediction

",‘_;} Report
Hydraulics/Utilities AH~1G ARS70=2, Change 3

E'; Electrical System M-=1G AR370-2, Change 3

Flight Controls Al=3¢ AAH TF Report

hei Instruments AH=-5¢ AAH TF Report

E Avionics AH=S56 AAH TF Report

. Fire Control/Automatic Teat AH~-58 AAH TP Report

et Cquipment

t Armament AH=58 AAH TP Report

4- L1/ AaR TF Repert refers to the Advanced Attack Hellcopter Task Force Reports,

Exhibit III~-4. FINAL BASELINE SUBSYSTEM SELECTION

1 AND SOURCES OF MANPOWER DATA: AH-64
!; II1-13
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® determine applicable peacetime and wartime usage rates;

o calculate maintenance manpower requirements and allo-
I cate to appropriate maintenance echelons)
e

° convert maintenance manhour raquirements to personnel
ii requirements; and
"
| [ display manpower requirements estimates for peacetime
r and wartime scenarios,
: Each of these steps is discussed below.

a. Relate Baseline Subsystems to Associated Mainte-
nance MOS

The manpower requirements estimate developed using
EMREM is ultimately to be tranclated into Aptitude Clusters.
Therefore, at some point, the manpower requirements must be
grouped according to related skills. It is simpler to relate the
hardware characteristics (i.e., subsystems) to the occupations of
the manpower maintaining the subsystem from the outset rather
than to convert to Army Military Occupational Specialty (MOS)
code in the final stages of the analysis. 8ince, the latter cate~

gories may be readily related to skills, we have opted to take

this approach. .

Exhibit III-5 shows the results of the association Qﬁ;;ﬁ
of the AH=-64 hardware characterization, (by WBS subsystem), with ?;ftﬁ
occupations and related MOS. For the MOS which were not indi-
cated explicitly as subsystem specific, such as Advanced Attack

Helicopter Repairer (referred to as Technical Inspectors in the

more senior pay grades) the relevant MOS was deduced from AR
611-201., In addition to those MOS identified in this analysis, a
new MOS for the Integrated Helmet and Display Sighting System,

with skills similar to those of a 43M Fabric Repair Specialist,

AP PR I ST L JPUL I L LI
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e 1y RELATED

I mos OCCUPATION TITLE HARDWARE CHARACTERISTIC

;. 3% Avionic Moohunical riight Controls/Inatruments/Avionic
>

}ﬁ s7na/ Attack Helicopter Repairer Various Subsystems/Inspection

o 68p Alvcraft Power Plant Repairer Power Rlant/Auxiliary Power Unit
.&; 68D Alrcraft Power Train Repairsr Rotor Group/Transmission
» esr Alroraft Electrician Electrical System

éﬂ 68a Aircraft Structural Repairer Airframe/Landing Gear

60H Alrcraft Pneudraulics Repairer Hydraulica/Utilities

'ﬂﬂ 682 Heljicopter Missile System Repairer Pire Control/Automatic Test EQuipment
“y

_ cla/uif Helicopter Weapons System Repairer Armament

T

1/ The occupation titles and MOS codes have been taken from AR611-201,

}., k4 z:llhal‘: generic term referring to all the relevant avionic maintenance required on
. e =04,

o

. 3/ M08 67R has been changed to 67Y gince the Al=~64 Concept Exploration Phase.

.' &/ These MOB have been combined since both work on the Armament.

2

&'_

»

Ky

-wrs
a

Exhibit III-5., RELATIONSHIP OF MOS TO HARDWARE
CHARACTERISTICS: AH-64

L 111-15
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is currently being developed. As can be seen in Exhibit III-5,

there are instances where multiple maintenance or support func-

tions of several subsystems were identified with a single MOS. 1In

those cases, individual requirements for the MO8 for each sub-

system were calculated and added together. A particular instance
of this is the 35 Avionic Mechanic, who works on the flight con-
trol instruments and avionice systems. Requirements for indivi-

dual MOS have been grouped into a single non-system-specific MOS
group of 35,
b. Determine AH-64 Organizational Unit Sise

In the change from the H-series Table of Organiza-
tion and Equipment (TOE), which only included AH-1 Series data,
to J-series TUEs (under which the AH=64 will be tielded), the
number of helicopters per sguadron decreased from 27 to 18, This
is a doctrinal change that could not have been predicted during
Concept Exploration Phase for the AH-64., Although this violates
the intention of developing a "pure" Concept Exploration Phase
estimate, the l8-helicopter squadron was used here as the organ-
izational unit for the manpower requirements estimates in order
to facllitate comparison to current Army estimates. Had the
27-helicopter squadron been used, the maintenance manhour esti-

mates developed here would have been significantly larger.

Ce Determine Applicable Peacetime and Wartime Usage
Rates

For this application of EMREM, two usage rates

have been specified. One reflects a peacetime scenario, the

I11~-16
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o other reflects expected wartime operations. The wartime usage
; rate is based on information in the mission need statement. A

usage rate range of 1200-1320 flying hours/year (FH/Yr) reflects

Eﬁ the various operating tempos of a wartime environment. The
_;‘ peacetime usage rate of 240 FH/Yr is based on information
f? obtained from the Department of the Army and is indicativa of
fﬁ poacetlmc operating tempos. 1In the sections that follow, the
b EMREM estimates are developed as a function of these usage rates.
'Eﬁ d. Calcula:te Manpower Reguirements by Maintenance
2 eve
EE As cited earlier, the manpower data must be
- arrayad into the appropriate echelons of maintenance. In the
E% case of Army aviation, organizational (ORG), direct support (D8),

and general support (GS) maintenance are now organized into Avia~-
. tion Unit Maintenance (AVUM) and Aviation Intermediate Mainten=-
EQ ance (AVIM). This is the result of the aggregation of ORG and
- some proportion of DS maintenance to form the AVUM echelon, and
- the combining of the remaining proportion of DS with G8 to form
. the AVIM schelon. However, this change was made in the mid- é%ﬁ?
.::: 19708, and so the aviation maintenance data from 1972 refers only r.’
i~ to ORG, DS and GS maintenance echelons. Ayain, this is a doc- BRRR
- trinal change which could not have been predicted during the . i
' Concept Exploration Phase of the AH-64. \
s ey
. In this study, manhour reguirements are calculated '2:3-3::~f
gt for each echelon of maintenance, ORG, DS, and GS. As shown in Ezgi
o Exhibits III-6 to II1I-8 the estimates are presented by MUS for F\
L both peactime and wartime scenarios for an organizational unit of 3:":
3 S

ﬁi%

L] . - - . » - L] LI L] L] »
P I T P N I B T o N R e S RSt P A T e L P P S P P Y e

0
L L] . P ta'ata e tTA'A*E a8 a"atatatera
A S L S o L P R a W /A B PN S A N Py




-
Rl o

T

20 ”-t‘.‘g

AN

II1I-18

S e AT LS L AL NN

-
¥y yexerrl BATECIRE
" Mog &L 240 1200-1330 SY8TEN
]
e,
ol 28 an? 1388614948 All-58
4 g enmd/ 3812 17561-19317 YHY
oot
# X sty 364 1822~2004 YUH-80A
68D 1512 7560-8316 AH=88
N eer 0 0-0 AH=1G
N (11 138 691-760 AH=86
Ap
! L:. 11 0 0-0 AH=10
' 683 164 021-903 Ali=86
. 683/N 13224 66118-72720 AH=56
e TOTAL 21631 100189-118974
X
. ‘ 1/ Eatimace is for 18 AN=64 nelicopters,
4/ OB 7R has been changed to 67Y since the AH=84 Concept
= Exploration Phase.
=
W

Exhibit III-§. AH-64 ORG LEVEL ANNUAL MAINTENANCE
MANHOUR ESTIMATE
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l 38 2013 10066=11073 AH-56
1 end/ 988 4798-3278 AH=56
. '.'.(
b 11 Y 18781736 YUH=60A
(]
M 64D ps21 4810382914 AH=36
I i eor 8640 4320047320 AH=1G
- 60a 298 1490~1639 AH=8¢
§ 681 2024 18120-16632 AH=10
A o 583 29163208 AH=86
l . 603/H 2363 1161812997 AH=8¢
Q '
? B TOTAL 707 139083~15299) wam-
In
o 1/ Estimate is for 18 AH-64 helicopters.

. 2/ MOd 67R has been changed to 67Y since the AH=-64 Concept
N Exploration Phase,
¥
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|__nod U0 | 1200-1330 BYSTEN
3 6070 30348-33383 AH-36
and/ 0 0-0 AH=56
17 0 1-1 YUH=80A
68D 199 $94-109) AH =56
esr 71776 30880-42768 AH=10
680 82 289-288 AH=36
68H 3888 19440-21384 M=16
680 877 4385-4823 AH=36
683/ 318 16092-17701 AH~56
TOTAL 22000 110399-121438 e
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1/ Eetimate is for 18 AH-64 helicopters.

4/ M08 67R has been changed to 67Y since the AH=64 Concept

Exploration Phase,

Exhibit III-8. AH-64 GS LEVEL ANNUAL MAINTENANCE

MANHOUR ESTIMATE
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18 AH-64s., The baseline system is also indicated. The total of

the annual maintenance manhours across MOS provides an aggregate

picture of the maintenance inteansity associated with each echelon
Py, .+ of maintenance. As an example, it is evident that the majority

of armament and fire control/automatic test egquipment repair per=-
iy forned by 68J/M is at the ORG echelon. This suggests that rapid
turnaround is required for the armament and fire control compo~
nents, The absence of 68F and 68H maintenance reguirements at
the ORG echelon is a result of the specification in AR 570=2
(Change 3, dated May 19871), the source of AH~1G manpower data.
4 According to AR 57U=2 (Change 3), maintenance pertormed by MOS
68F and 68H is deferred to the DS to GS echelons

Exhibit III=Y shows the total annual maintenance

manhours required across URG, D8 and GS maintenance echelons by

MOS. The next section describes the conversion from manhours to

R

the number of personnel required.
¢, Convert Manhours to Personnel
The conversion of manhours to numbers of personnel

L is accomplished by dividing annual manhour requirements by aver-

age available productive manhour (AAPMH) factors that are
Qf described in AR 570-2, Those factors reflect the estimated number
Ve of hours per year available for productive work by the individuals

engaged in particular types of maintenance. For calculations for
1; each echelon, the EMREM program usss a range of AAPMH factors as

input,

-
Dl
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240 112001330 _BYSTEM
3 10800 84000=85400 AH=56
s7nd/ 4471 22386-24592 AH=36
a8n 680 3401=3741 YUH=60A
68D 11332 58657-6232) AH=36
eor 16416 82000-90288 AH-10
[ 1:L] 488 2440~2684 AH=568
s8H 6912 34560-3001¢ AH=10
683 1624 8122-8934 AH =86
60/ 16808 §4025-103427 AH-36
TOTAL 71%28 357641=393408 -

1/ cstimate is for 18 AH=64 hellcopters,

2/ MO8 67R has been changed to 87Y since the AH-84 Concept
Exploration Phase,

Exhibit III-9. AHK-64 ORG, DS AND GS LEVEL TOTAL ANNUAL
MAINTENANCE MANHOUR ESTIMATE
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§ While the quotient of the manhour requirements and
! the AAPMH factor need not be a whole rumber, the personnel
authorizations for an organizational unit must be expressed in
E terms of whole pecple. Therefore, these quotients must be
rounded. A convention has been used in this analysis concerning
E rounding to the next whole person. 8ince rounding down always
1% results in greater workloads (per man), explicit consideration
E was given to the situation in which rounding was required.
ii The criterion used in this study in applying the
b. rounding rule has been that if rounding down means more than ten
F’ percent more work per year, per man, then rounding upward is to

be done. However, use of this rule was modified in that if sat-
istaction of the former condition implies that personnel involved
are each working at less than 90 percent of the AAPMH factor,
then rounding downward prevails, This latter stipulation pre=-
vents over-sstimation of personnel requirements. This convention
was used rather than simply rounding to the neareast integer,
since it allows for the more explicit balancing of workload. For
further details on these calculations, consult Appendix B.

In the Concept Exploration Phase only a tentative
estimate of the planned usage rate is available. For this reason
and also to reflect various operating scenarios, a range of usage
rates was used in this analysis. Regarding the use of a particu-
lar AAPMH factor, questions concerning the validity of any one
factor value induced the use of a range of AAPMH values as well.

For wartime ORG echelon maintenance and support

personnel requirements calculations, the AR 570-2 TOE Category I

4 111-23
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AAPMH value of 2500 hours per year, plus and minus 10 percent,

was employed., Similarly, DS echelon calculations were based on i@

1
-,

an AAPMH value of 2700 hours per year (TOE Category II), plus and

ij minus 10 percent. GS echelon calculations were based on a value t'
;EE of 3100 hours per year (TOE Category IlI), plus and minus 10 qn,m
*ﬂ percent.

Strictly speaking, practically any of the assump- }

.
| DA

| tions that are invoked in the calculation of these manpower re- yp
: Quirements estimates could serve as a range~generating basis. For

example, the number of helicopters per organizational unit could §

%tﬁ have been varied. However, varying such Key parameters was de- ﬁ i;
}@3 liberately restricted in this demonstration so as to avoid obscur- ? ;*
; | ing the results. EE”"
'—.' " For further elaboration on the mechanics of the -
iy calculations, consult the EMREM computer code located in Appendix B, j
h; £, Display Manpower Regquirements Estimaces for Peace- g.
» time and Wartime Scenarios

" Exhibit III-10 summarizes the poacbtimc personnel
requirements at ORG, DS and G8 echelons of maintenance. Only one

number for personnel is specified since only one value for the

E AAPMH was used and aluso only a single usage rate was specified in E?

- the mission need statement, E

i Exhibit III-11 summarizes the wartime personnel ?ﬂ%-
requirements at the ORG, DS and GS echelons of maintenance. A g:?
range of personnel is generated here due to use of a range of ' s

i} AAPMH factors and usage rates. This exhibit illustrates that in

' wartime, MOS 68J/M requires the largest personnel allocation at me N
:: R
L. »
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[~ EMREM PERSONNEL REQUIREMENTE |

1 ESTIMATE 1/

n PN OrRG bR cs

e ] 2800 2700 3100 BASELINE
MOR 0 L1 =30 $YSTEN
¥/ 1 1 2 AH-88
end/ 2 1 0 AH=86
(17 1 1 0 YUH=60A
1] 1 ‘ 0 A=56
6oF 0 3 3 AH-1G
680 0 1 0 AH=86
684 0 2 2 AH=1d
83 0 1 1 M-8
ssamd/ 5 1 1 AH=86
TOTAL 10 18 9 -

L/ cetimate is for 18 AH-84 helicopters,

3/ Generic term referring to all relevant avionics maintenance required
on the helicopter,

3/ &M changed to 87Y sinace AH=-64 Concept Exploration Phase,

4/ These MOB have been combined in this analysis since they both work
on the Armament and work load can not be differentisted,

Exhibit III-10. AH-€64 ORG, D8 AND GS LEVEL PEACETIME
PERSONNEL REQUIREMENTS
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_EAEH PEASON =
K3 NEL_REQUIREMENTS ESTIMATE
o Mk"’v QRG 28 a8
Py JOW  Wioh | tow  WIOH | Low  HIGH
v < 2280 2750 | 2430 2070 | 2790 _ 3410 BABELINE
' |__MO§ 19001320 [ 1200 1340 | 140 SYBTEM .
L wd/ 5 ? 4 5 ’ 1 AN-56 g ..;!"
: 678/ 6 0| 2 i o 0 AH-36 L —
| ik
l-:-_. (11 1 1 1 1 0 0 YUH=80A ol
3 68D 3 of 16 al 1 AH=38 s
soF 0 of 14 | 1 15 AH=56 =
68 1 1 1 1 0 1 AH=BS
86H 0 0 s ? 6 1 AH=56’
683 1 1 1 2 2 2 AH=B6
ssom u } 4 5 s 6 AH=36
TOTAL 4l 54 48 63 M 43 -

1/ Estimate is for 18 AH=64 helicopters,

4/ Generic term referring to all relevant avionics maintenance
o required on the helicopter.

3/ 678 changed to 67Y since AH-84 Concept Exploration Phase.

4/ These OB have bsen combined in this analysis since they both
work on the Armament and work load can not be differentiated,

" Exhibit III-11l. AH-64 ORG, DS AND GS LEVEL
A WARTIME PERSONNEL REQUIREMENTS
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the ORG echelon. This could be due in part to the maintenance

l requirements associated with repair of the HELLFIRE missile
system and its related materiel.
? With conversion from manhours to personnel com-
n plete, we now translate the personnel estimates into Aptitude Clusters.
E 3, Translate Manpowsr Requirements to Aptitude Clusters
E The final step in the development of the EMREM esti-~-
;1 mates involves the translation of the manpower requirements esti-
E mates by MOS into reguirements by Aptitude Clusters. In this
" demonstration cf the methodology, only the ORG apprentice
h enlisted personnel porticn of the reguirements estimate was

translated. (Apprentice personnel are defined to be those personnel

L ey N

at pay grades E-4 and below, or, equivalently, personnel at skill
level 1.,) Only ORG apprentice personnel reguirements could be
mappel into Aptitude Clusters. Thore are two reasons for this.
First, Aptitude Clusters, in thair present stage of development,
apply only to apprentice enlisted personnel. Second, the trans-
lation of the estimates into Aptitude Clustera requires pay grade
or skill level information on those MOS groups for which esti-
matos are calculated. There is a lack of pay grade and skill
level data at DS and GS levels that would enable the calculation
of apprentice requirements by cluster.

The translation of thv EMREM estimates (broken out into

MOS groups) into Aptitude Clusters is performad in the following

two staps:

° determine the raquirement for apprentice enlisted per- e
sonnel, and RS

LA
' [}

o
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® aggregate apprentice personnel requirements into Apti-
tude Clusters, ’
F a. Determine Apprentice Enlisted Personnel Requirements
F- None of the documents that provided input data for

the AH-64 demonstration of EMREM included pay gyrade or skill
B level information. However, inspection of an Air Cavalry Squad-

ron TOE permitted deduction of the pay grade/skill level struc-
tﬁ ture for ORG echelon maintenance and support. The TOE used for
this purpose was TOE number 17-95H, dated December 1971, That
TOE contains the personnel slots for ORG schelon maintenance and
support activities associated with the AH-1G (the only deployed
baseline system used in this study). This is a reasonable TOE to
use since it was developed prior to the DSARC Milestone I for the
AH-64,

The apprentice personnel requirements are extra-

polated from the EMREM ORG echelon estimates by

o summing the personnel slots in the TOE for each MUS
group) ,
o summing the personnel slots at pay grades E-4 and below

for each MOS group -- i.e., summing the apprentice
positions;

o calculating the ratio of apprentice slots to total num-
ber of slots for each MOS group: and

® multiplying the EMREM ORG personnel requirements (for
each MOS group) by these ratios and rounding where
necessary.
The results of applying these steps to the EMREM ORG level esti-
mates for both peacetime and wartime are summarized in Exhibit
11I-12, As can be seen in thia exhibit it is clear that for both

the peacetime and wartime scenarios the majority of ORG level

111-~-28
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,r_LQ.'_‘!/ | peaceTIne | __Eg_mm,u_m
" 3 1 3 ‘
o i 0 1 2
F“ ‘ (11 1 1 1
e 68D 1 3 4
f? eor 0 o 0
. 686 0 1 1
6on 0 0 0
%, 0 0 0
683/M 0 0 0

L1/ Estimate is for 18 AH=64 helicopters.
3/ Operator personnel are excluded since they are Warrant Officers,

3/ MOS 67R wam changed to €7Y after the AH-64 Concept Exploration
Phase.

Exhibit III-12. AH-64 ORG LEVEL APPRENTICE -
MAINTENANCE PEPSONNEL o
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- enlisted personnel are not apprentices. The peacetime estimate

shows only three of the estimated 10 enlisted personnel being

A

apprentines, while the wartime estimate shows the range being

L

between 9 and 12 apprentices out of a total of 41 to 54 enlisted
personnel,

A similar approach tor determining pay grade/skill

A T T S T TSI
=z .

o level structure £for maintenance personnel at the DS and G8 eche-

ot 73 25 3
.

P
-
F

lons was not feasible because the TOEs containing the slots for

maintenance personnel at those echelons are such that identifica-

tion of AH-1G dedicated personnel is not possible. That is, DS

e ———
et e e
S D R

fﬁ and G8 maintenance personnel are deployed into units summarized
by TOEs that make it difficult to determine the skill level of
MOS groups involved in maintenance of helicopters and no other
. materiel, 1In addition, since this is an historicel reconstruc-
“ tion, problems associated with data availability were also en-
i!a countered., Even if we had violated the pure DSARC I criteria by
n using a J Series TOE, DS and GS personnel still could not be
mapped into Aptitude Clusters. This is due to a change in the

organization of Army maintenance initiated ubout 1975, Since

then, Army aviation maintenance has been organized into AVUM and K

) 5? AVIM. The AVUM level incorporates the "old"™ ORG level plus a Eg
.‘ﬂ portion of the D5 level. The AVIM level incorporates a portion ?ﬁ

o of the D8 level and all of G8. Because of this arrangement, ORG, éﬁ

DS, and (8 maintenance personnel estimates could not be accurately ?E

mapped into Aptitude Clusters. However, for a Concopt Explora- &a

“'l; tion Phase application of EMREM today, this maintenance reorgani- t:
3 . zation would not present a problem. ﬁs
e :::;:
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b, Aggregate MOS Requirements into Aptitude Clusters

A review of the definitions of the Aptitude Clus~
ters developed in Phase I, Task 2 of this study is included in
Appendix A of this roport.g/ Where there were two ¢ more MOS8
in a single cluster, the associated requirements were added to
obtain the cluster totals.

The ORG echelon MOS for the AH=~64 are found in
two of the Aptitude Clusters, Technical and Mechanical Mainten=
ance. This tinal step in the conversion to Aptitude Clusters is
performed via a table look~up procedure., The final results of
this conversion to Aptitude Clusters for both peacetime and war-
time scenarios are summarized in Exhibits III~13 and IlI=-l4,

respectively.

C. ANALYSIS OF THE AH-64 EMREM MANPOWER REQUIREMENTS ESTIMATES

As originally planned, part of this demonstration included a

comparison of the estimates developed for the AH-64 using EMREM

to comparable Army estimates. Examination of potentially com= ~
parable Army data has shown that no suitable estimate is cur- ;ﬁﬂ
rently available, Several Army estimates are usually appropriate Sﬁ

for such a comparison, however, none of these are applicable in n
the case of the AH=64 for the following reasons:

] the AH=64 is not an Army Modernization Information
Memorandum (AMIM) system, '

o

3/ The assignment of MOS to aYtitudo clusters is presented in the N
MCR technical report TR-8217-2, Aptitude Content of the Non- ;

Prior Service Youth and Enlisted Apprentice Populationsd o
1982-2010, Management ConsuItIng & Eesearch, Inc,, Falls Church, .

Uirginla, 22041, 30 September 1983,
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o 4/ gscimate is for 18 AH=64 helicopters,

‘:F :ﬁ‘ 4/ MO8 67R has been changed to 67Y since the AH-84 Concept Exploration Phase.
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i Exhibit III-13. AH-64 ORG LEVEL PEACETIME APPRENTICE
\ “ MAINTENANCE PERSONNEL BY APTITUDE

N CLUSTER
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EMREM RITINATIAJ CLUSTER TOTAL

o

HOB, SLUSTER ey iigi oW tigH
] » 3 ‘
- "W Technical 0 0 3 4
L’: 883/M 0 0
g s7nd/ 1 3
\‘ ™ 1 1
[ {11 3 4
5 sor Mechanical Maintenance 0 0 6 s
683G ) b}
‘ (11] 0 0

Yatess

1/ estimate is for 18 AH-64 helicopters.
4/ MOB §7R has besn changed to 67Y since the AN=64 Concept Exploration Phase.

Exhibit III-14. AH-64 ORG LEVEL WARTIME APPRENTICE
MAINTENANCE PERSONNEL BY APTITUDE
X CLUSTER
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° Quantitative and Qualitative Personnel Requirements
Information (QUPRI) contained only remove and replace,
not repair, maintenance data,

& Sample Data Collection (8DC) is not applicable since
the AH=64 has not been fielded, and

por. ® contractor prepared data were not specified by mainten-
ance level.

L~ For these reasons the EMREM estimates for the AH-64 cannot, at
" this time, be compared to any available Army estimate.

‘ In the next section, the development of the EMREM estimate
;E for the UH=60A helicopter is described.

............................ "o man
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IV, EMREM APPLICATION: UH=6UA BLACK HAWK HELICOPTER

In this section we discuss application of EMREM to the
Army's UH-60A Black Hawk helicopter. The UH=60A, which was
fielded in June 1979, is a twin-engine, four-bladed helicopter
designed to carry a crew of three and up to 1l combat-squipped
troops. Eight troop seats are removable to allow room for four
stretchers or cargo. Up to 8000 pounds of cargo can be carried
on an external cargo hook. The primary missions of the UH=60A
include tactical troop movement, medical evacuation, and tactical
resupply. The UH-60A is designed to be capable of performing
Army missions in all intensities of conflict and in all expected
geographical environmants.

The structure of this section parallels that of Section III
and focuses on the two main parts in EMREM: the Hardware Charac=

terization and the Manpower Requirements Estimation.

A, HARDWARE CHARACTERIZATION

The Hardware Characterization is described below in terms of
the three steps comprising this analysis:
1, Identify the Baseline Weapon Syastem,
2, Determine Baseline Weapon System Changes, and
3. Develop New Weapon System Description.
1, Identify the Baseline Weapon System
As described in the overview of the EMREM, “he basuline

system(s) act as a source for the hardware characterization and

Iv=1




analog manpower data tor the new system. The use of baseline

(2 ce .,

. i LRIRIRPEPRILS o ot
AL L Lt . .
y t e teS - ta

g systems has been very similar in MCR's EMREM demonstrations on ‘_
; ; the M1 Abrams Main Battle Tank and AH~64 Helicopter. However, a E§
% Eﬁ slightly modified approach, also frequently necessary in very Ef
! :: sarly remource analysis, has been used in the UH-~60A analysis. i
: As noted in earlier discussions, EMREM is based largely ig

TITAT .,
AT

on the application of comparability analysis of the new system

' = hardware, performance and oporitional requirements to systems

f QE already fielded. To some extent some version of this approach is
p ¥ frequently at the foundation of the mission analysis which iden-
E fﬁ tified the need for the new system., While this is the advocated
approach for formulating early manpower requirements estimates

for the new system, it is not the only approach. Another method

: . of developing estimates is to use detalled analyses of mainten-
§ X ance vworkload gensrated for each subsystem. These analyses are
E ?: frequently developed by contractors as part of the early engi~
' | neering design development. While such data sre clearly not

representative of actual field maintenance oxperience, they are
sometimes the only data available, and are very useful for

: exploring early estimates of manpower requirements. They can

i
.'_.; .- -:.‘_-_-:--:. -‘_.-._.- ‘..
 RRORR

e o 9
R

% j provide useful projections of the manpower reqguirements the sys- :ﬁi
. Ry
',: . tem would need if the angineering estimates are valid, and can El':q
= still be used as an approach for considering potential system tﬁ;
requirements, Program managers freqguently use some type of fai

o

similar analysis, performed using comparability analysis, to R

| develop theme estimates. The major difference may lie more in i;
: RX
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;' the assumptions, data and calculation approach used in developing
. the engineering estimates, as apposed to adapting actual systom
‘ data.

In the UH-60A EMREM analysis, the availability of use-
ful baseline data provided a significant block to developing an
estimate based on comparability analysis. Baseline systems are
selected based on their relationship to the new system's DSARC I
milestone date. It is desirable for the baseline system to have
been fielded before the new aystem's DSARC I milestone., As
indicated in Exhibit IV-1l, this was achieved only for the UH=lH
lroguois multi~role utility and transport helicopter. While this

would have been a very suitable primary baseline system, the lack

(AL
(1]
:ﬁ"l".".
-.|.|. M

of a sufficiently detailed historical data base is significant, 2

LMY

L)
|“l v “
I‘ LA :

as illustrated in Exhibit II=3, The only data for this system
that are still available is information in an earlier version of
AR 57U=2 (Change 3), part of which includes UH=~1lH MACKIT data.
These data are not sufficiently detailed to provide subsystem=
specific maintenance manhour or manpower information. The same
held true for original task force reports, which are usually
insufficient as primary sources ot EMREM input informaticn. The
TOE is also used for only certain portions of the analysis,
relating to conversions of manhours to personnel and allocation
of personnel to Aptitude Clusters.

In lieu of conventionally acceptable data, alterrative
sources for pre-DLARC I UH-60A data wero sought. Based on the

Utility Tactical Transport Aircraft System (UTTAS) study,

IV-3 -
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Sikorsky and Boeing-Vertol developed prototypes, the YUH-&0A and

"
i g YUH=61A, respectively. The Sikorsky version (YUH-60A) was
ﬁ'ﬂ selected., That system became the UH-60A Black Hawk. Given the
a §§ lack of historical baseline Army data, MCR chose to use as an
ﬁ !; alternative, engineering data developed by Sikorsky for the
b YUH=6UA prototypﬂ. This system would bear a very close approxi-

eSS

b mation to the mission need statement since it was designed,

| obviously, to be very closely related. The UH-1H was used as the
secondary baseline for specific functions not represented in

. the Sikorsky analysis.

i 2,

f[y The second step in the hardware characterization is the

Determine Haseline Weapon System Changes

isolation of the characteristics of the baseline system that are

. not similar to those related characteristics in the new system.
S ; Using the helicopter WBS developed for this analysis eight of the
f ;3 10 subsystems were considered appropriate for use in analyzing
u the UH~60A pre=~DSARC I roquircmonu; Two of the subsystems, the

fire control and armament, were not appropriate for use on the

;’?i‘ UH=60A mince it was not originally planned to carry weapons. (It
i - is currently being modified to carry HELLFIRE missiles, like the
AH-64. )

% In addition to the eight subsystems, analysis indicated

P that an sdditional maintenance function, technical inapection,
f ij neaded to be separately represented. This was because this func-
é " tion was not estimated by Sikorsky. The technical 1napiction

t: function is not system specific and is not assigned to any of the
5
. Fﬁ 1v-5 oS
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g subsystems. The Sikorsky design subsystems were arrayed to con-

‘ ' form to the eight gsneric subsystems,

g§ h 3. Develop New Weapon System Description .

%ﬁ ﬁa This step serves to refine the hardware characteriza-
Tf ;: tion of the new system, In this case the mission need engineer-
@E N ing statement for the UH-60A was reviewed in detail with hardware
gg " and performance data for the Bikorsky YUH~60A and supplementary
- information from the UH=lH. The eight subsystems used to

'ﬁ_gg describe the UH-60A hardware characterization are listed in

D Exhibit 1V-2,

é H

B. UH-60A EMREM MANPOWER REQUIREMENTS ESTIMATION

I
N
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Based on the hardware characterization developed in the pre-
ceding section, manpower requirements estimates have been devel-

oped for the Uk=60A, The organizational structure used for this

393: purpose is a Combat Support Aviation Company (CSAC). Operator
5 personnel (pilot, co-pilot, and crewchief/gunner) are excluded
v E? from this analysis because those positions are filled by warrant
EﬁzA_, officers, and, in this application of EMREM, we are only con-
fﬁ " cerned with enlisted personnel reqguirements. The reguirements
- ostimation process is discussed below in three parts: :
%& . l, Identify and Collect Data, %;
éﬁfﬁ. 2. Develop Manpower Requirements Estimates, and é?
'f 3. Translate Requirements Into Aptitude Clusters. ;%
- )
X =
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Exhibit IV-2.

AN AT

SUBSYSTEM

Alrframe/Landing Gear

Rotor Group/Transmiesion

Power Plant/Auxiliary Powar Plant
Hydraulics/Utilities

Elsctrical System

Flight Controls

Instruments

Avionics

Fire Control/Automatic Test
Equipment

Armament

YUH=~60A
YUH=60A
YUH=60A
YUH=-60A
YUH=-60A
YUH=60A
YUH=60A
YUH=60A
YUH- 90A

YUH=-60A

L/

BASELINE SYSTEM

1/The 1LH-1G is not shown sinca it represents the

Technical Inspection Function

Nt ._'.. -~ ..:-..:. :

FINAL BASELINE SUBSYSTEM SELECTION:

UH=-60A
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1. Identify and Collect Data

F As in the analysis performed for the AH-64, the availa-

bility of applicable manpower requirements data affecteéd this

!
Eﬁ analysis. As noted earlier, an original intention of this study
F. was to develop manpower requirements estimates for each phase in

a systems life cycle, The general lack of availability of his-

torical data to support this type of analysis did not make such

analysis possible, although data currently under development

o
.
PR S

should be able to do 80 in the future. Thus, in this demonstra-
tion of EMREM, we were only able to generate an estimate of

b

k . .

&E! steady state maintenance manpower requirements for the UH=-60A,

i The data used for the UH-60A came from two sources, as
t

noted in Exhibit IV-~3, Tho'primary source of data was the
*H Sikorsky YUH-60A Maintainability Prediction Report. Data on the
. UH-1H technical inspectien function came from Change 3 of AR 570-2.
From each of these sources, subsystem-specific maintenanco man-
l. hours per flying hour were calculated and used as EMREM input
data. To calculate the manpower requiremerts estimates, EMFEM
N also utilizes the size of the organizational unit and usage
- rates. In this anulysis, we estimated the below depot level
3N maintenance manpowev requirements to support 15 Black Hawks in a

- Combat Support Aviation Company (CSAC),

2, Develop Manpower Requirements Estimataes
The manpower requirements estimates for the UH-60A, are
calculated in the same six~-step process as that used to develop

b, the AH-64 estimates:

2
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LX) :#/
. SUBSYSTEM BABELINE SYSTEM MANPOWER DOCUHENT USE
5? Alrframe/Landing Gear YUH=60A likornk* YUH-60A Alroraft Maine
oo talnability Prediotion Rep,
. Rotor Group/Transmission _ XUH=€0A b . . "
h; Power Plant/Auxiliary Power Plant YUH=60A . . . v
I " Hydraulics/Utilities YUH=80A . " J "
Electrical Bystem YUH=60A . . . »
Flight Controls YUH=~80A . » » v
Inatruments YUH~60A b . " »
Avionice YUH=60A " . " W
Fire Control/Automatic Test YUH=60A » " " "
Equipment :
Armament YUH~80A " . v "

1/ Msnpower deta for the technical inspectors was obtained from change 3 of ARB70-2,

" Exhibit IV-3. FIMAL BASELINE SUBSYSTEM SELECTION AND
o SOURCE OF MANPOWER DATA: UH-60A
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?; ) relate the baseline subsystems developed in the hard-

ware characterization to their associated maintenance
! MOS8 ¢
B ° determine the organizational unit size, -

[ dotormino the upplicabie poacotimc and wartimo usage
rates, _

° calculate muintenance manpower requiremencs and allo-
cate to appropriate maintenance echeions,

° convert maintenance manhour roqu;romontl to personnel
regquirements, and

® display manpower reguirements estimates for poaootimo
and wertime sconarios.

Each of these steps in the UH=60A application is discussed below.

R Relate the Ean-lino Bubsystems to Associated
Maintenance M

As discussed in the analysis of the AH-64, the
manpower requirements developed using EMREM must be grouped
according to skills, The approach that was taken throughout this
analysis was to relate hardware characteristics (and functions)
to MOS. The relationship between hardware and MOS assignment for

the UH=60A is shown in Exhibit IV=4, For thome MOS8 which are not

explicity subsystam-specific, such as Utility Helicopter Repairer
v (who in the senior pay grades may act as technical inspectors),
- the relevant MOS was deducsd from AR 611=-201., In instances where
2 8 single MOS8 serves multiple subsystems, the individual require-
¥ ments for the MOS for each subsystem were calculated and added
together.

:& b, Pstermine UH-6UA Urganizational Unit Size

Since the UH-60A Concep. Exploration Phase, the

‘m H-Series TOE has beon replaced by the current J-Series TOE,

Iv=10
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5% SR ENAN CHANLTRN, <X R o8 AN SRR '..s".\"‘.n.'.‘_a".e:' C'A '.o".n_".f_'.-:‘.h\ .e_:! at :d:L*‘l. :.Q.Li:'.e\' R RN

D A gt o A Dt i irlta Bt R Ui e e i i DA VIR B AR SR R R A R T e A N A T N TR IS N




= T .
. :.‘,-

P MOS OCCUPATION 'm't_,:l-’ Hnbwgggt'g“ugub CTERISTICS

*‘ 3% Avionie MoohnnloA/ Flight Controls/Instruments/Avionics
'ﬁ 67?2/ Utility Helicopter Repairer Various Subsystems/Inspections

fﬂ (11} Alroraft Power Plant Repairer Power Plant/Auxiliary Power Unit

E' 68D Alroraft Powsr Train Repalrer Rotor Qroup/Transmission

3 (1] Alrorafe Electrician Electrical Bystem

ié s8a Alreraft Structusl Repairer Alrfvame/Landing Gear

3 €8H Alroratt Pneudraulics Repairer Hydraulics/Utilities

L/ MOS codes and titles taken from AR611-201,

3/ ::1|u§|°°Aeonorlc term referring to all the rolovnnt avionie maintenance required on
[ - '

3/ This MO8 is transitory replacing the 87N since the UH=80A Concept Exploration Phase,

Exhibit IV-4. RELATIONSHIP OF MOS TO HARDWARE
CHARAMCTERISTICS: UH-60A
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resulting in a decrease in the number of helicopters per company
from 23 to 15, This is a doctrinal change that could not have

been predicted during the UH-60A's Concept Exploration FPhase.

Although this violates the intention of developing a "pure"

A e 0
it

Concept Exploration Phase estimate, the current sigze of the

organization unit, the 15 helicopter company for the UH=60A, was

Y 1 P

i £

used in all three of the EMREM analyses to date as the organiza-

.-

.
ey

; tional unit for the manpower requirements estimates. Had the 23

helicopter company been used for the UH-60A, the manhour esti-

e
3 »
et

mates would have been significantly increased.

;'lw C. Determine Applicable Peacetiine and Wartime Usage
N ates

For this application of EMREM two sets of usage
_ rates, one reflecting a peacetime scenario, the other wartime,
I were used. The peacetime usage rate of 300 FH/Yr is based on
information contained in the Army Modernization Intormation
Memorandum (AMIM) and confirmed by the Department of the Army.
. [é It reflects the anticipated peacetime operating tempo. The war-
“ time usage rate of 828 FH/Yr is based on information contained in
the mission need statement. The wartime usage rate reflects the
estimated operating tempo of a combat environment. In the sub-
ﬁz-“ pections that follow the EMREM estimates are based on these two

- usage rates.,

d. Calculate Manpower Requirements by Maintenance
. eve
v Here, the manpower data is arrayed into the appro-
', {“ priate maintenance echelon. The doctrinal change from ORG, LS
e s
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and GS maintenance echelons to AVUM and AVIM could not have been
anticipated during the UH-60A's Concept Exploration Phase, so the

former arrangement has been used in this analyses.

The UH-60A maintenance manhour requirements for
each maintenance echelon, ORG, DS, and G8 are caiculated using
the maintenance manhour data for each of the subsystems or func-
tions, as extracted from the Sikorsky data or AR 570=2, by MOS.
The Sikorsky analysis included data for each maintenance echelon.
The resulting estimates are shown in Exhibits IV=5 to IV~7, The
estimates are presented by MOS for both peacetime and wartime
scenarios. The baseline system selected is also indicated. The
total of the annual maintenance manhours across MOS provides an
overall picture of the maintenance intensity associated with each
maintenance echelon. The maintenance manhours associated with
MOS8 67T include inaspections done by senior personnel (i,e., tech-
nical inspectors).

Under a wartime scenario, the majority of the
maintenance is performed at the ORG level. This enables a mini-
mization of down time and a maximization of materiel readiness in
a combat environment. At each maintenance echelon, the wartime
maintenance manhours for the UH-6UA are estimated to be approxi-
mately three times the manhours required during peacetime.
Exhibit IV~8 illustrates, by MOS, the combined annual maintenance
manhours required at ORG, D8 and GS echelons.

In the next subsection we describe the conversion
from maintenance manhour requirements to the number of personnel

required.
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E < EMREM ESTIMATE 1/

, e | —pmactrine | _wemwe | BABELINE
L1108 BYSTEM .

|

2 38 806 1397 YUH=60A

E(b 971-3’ 10440 20814 UH=1H

“;., 688 379 1047 YUH=60A

- 680 1128 N4z YUH=60A

ser 298 818 YUH=60A

88a 1349 3724 YUH-60A

| sau 506 1397 YUH=60A

TOTAL 14613 40336 )

1/ This estimate is for 18 UH=60A helicopters.

2/ This MO8 is transitory replacing the 67N since the UH=60A Concept
Exploration Phase.

: Exhibit IV-5. UH-60A ORG LEVEL ANNUAL MAINTENANCE
MANHOUR ESTIMATE
X
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EMREM ESTIMATE 1/

.L““£H<¥: PEACETIME WARTIME BASELINE
1 129 387 YUH-80A
778/ 6507 17989 UH=1H
1) 129 908 YUH=60A
68D 179 494 YUH=80A
eor 78 208 YUH=60A
68 182 al9 YUH=60A
68H 7 195 YUH=60A
TOTAL 7442 20840 .

1/ Estimate is for 15 UH=60A helicopters.

2/ This MOS is transitory replacing the 67N since the UH-60A Concept
Exploration Thase,

Exhibit IV-6. UH-60A DS LEVEL ANNUAL MAINTENANCE
MANHOUR ESTIMATE
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_\g{ IMREM ESTIMATE 1/
2,
¥ ACETI 1 BASELTNE
Mos % Eiia | 1 e $YSTEM
2 3426 9487 YUH=80A
6113/ 3634 10038 UH-1H
68p 17 899 YUR=60A
e €8D 1158 ale” YUH=60A
N'.
e 6er 11 3N YUH=60A
[
ot 686 183 ) YUH=60A
s i 68H 180 as YUH-60A
ey
s TOTAL 8747 24143 -
N
L 1/ Eetimate is for 18 UH-COA helicoptecs.
e 2/ This MOS is transitory repiacing the 67N since tha UH=80A Concept 5
o Exploration Phase.
..::; . ;:‘
- e
A %
. 2
"1
o
o Exhibit Iv-7. UH=60A GS LEVEL ANNUAL MAINTENANCE o
QN MANHOUR ESTIMAYE -
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l :‘ﬁ EMREM ESTIMATE s/

- Wx PRAGRTINE HARTLME AABRLINE

MOS8 $YSTEN
L 2s 4061 11211 YUH=60A
.71'!/ 20383 36808 UH=1H

e 68n 923 2884 YUH=60A
68D 2472 6823 YUH=-60A

L soF L1} 1084 YUH=60A
X

e (1.1 1653 4562 YUH=~60A
.- (11} 727 4007 YUH~60A
. TOTAL 30802 88019 -

. 1/ patimate is for 1% UH-60A helicopters,

e 2/ This MO8 is transitory replacing the 87N since the UH=80A Concept

Exploration Phase.
r‘::i
[N

Exhibit IV-8, UH-60A TOTAL ANNUAL ORG, DS AND GS LEVEL

MAINTENANCE MANHOUR ESTIMATE
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e. Convert Manhours .o Personnel

The conversion of manhours to numbers of personnel
is accomplished by dividing annual manhour roquiromontg_by aver-
age available productive manhour (AAPMB) factors, such as those
described in AR 570-2, Those factors reflect the estimated number
of hours per year available for productive work by individuals
engaged in narcicular levels of maintenance.

For peacetime ORG, LS and GS8 echelon maintenance
&and support personnel requirements calculations, the AR 570~2 TUE
Categories I, II and III with 2500, 2700 and 3100 AAPMH, respec-
tively, were used. For wartime URG, DS and GS maintenance per-
sonnel calculations, the same TOE categories plus and minus 10
percent were used. This was dcne to reflect the various operat-
ing tempos in a combat environment and their effect on manpower,

While the quotient of the manhour reguirements and
the AAPMH factor need not be a whole number, the personnel
authorizations for an organizational unit must be expressed in
terms of whole peopla. Therefore, these quotients must be
rounded. The same rules used in the AH-64 analysis for.rounding

of personnel have been used in the UH-6UA analysis,

f. Display Manpower Requirements Estimates for Peace-
¥ime_and Wartime Scenarios

Exhibit IV-9 sumnarizes the peacetime personnel

requirements at ORG, D5 and GS echelons. Only one number for
personnel is shown because only one AAPMH factor was chosen. As
indicated by Exhibit IV-9, some maintenance functions such as

those performed by 67T, 68D, 68F, 68G and 6BH zre centralized at




IMAEH ESTIMATE 1/

h ORG D8 s

. 2800 2700 3100 BASELINE

5 300 300 300

rfo
38 1 0 2 YUH=60A
s/ ‘ 3 2 UH~1H
688 1 1 0 YUH=60A
8D 1 0 1 YUH=60A
sor 1 0 0 YUH=80A
683G 1 0 0 YUH=60A
68H 1 0 0 YUH=60A

1/ Eatimate is for 15 UH=60A helicopters.
2/ MO8 67T transitory replacing 67N after the UH~60A Concept Exploratory Phase.

Exhibit Iv-9., UH-60A ORG, DS AND GS LEVEL PEACETIME
PERSONNEL REQUIREMENTS
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the ORG level., Other maintenance functions, such as those per-
formed by MOS 35 are deferred to the G5 level.

Exhibit IV-1l0 summarizes the wartime personnel
requirements at ORG, DS and GS. For wartime, based on‘tho varia-
tion in the AAPMH factor, a range of personnel is generated. As
with the AH~64 MOS 67T performing technical inspections, con-
tinues to have the largest allocation of personnel.

The final step in this analysis is the translation
of these personnel estimates into requirements by Aptitude
Clusters.

3. Translate Manpower Requirements to Aptitude Clusteram

The final step in the development of the EMREM esti-
mates involves the translation of the manpower requirements esti-
mates by MOS into requirements by Aptitude Clusters. 1In this
demonstration of the methodology, a subset of the total steady-
state manpower reyuirements astimates was translated, This sub-
set consists of ORG apprentice enlisted porionnol, defined to I~
perscnnel at pay grades L~-4 and below or at skill level 1. Only
ORG apprentice personnel requirements could be mapped into
Aptitude Clusters. The reasons are the same as those specified
in the AH~64 analysia, namely the lack of sutficient D5 and GS
pay grade data for weapon system-specific manpower.

The translation of iLhe EMREM estimates into Aptitude
Clusters is performed byt

] determining the requirement for apprentice enlisted
personnel, and

Iv-20
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5
;'- RE NNEL REQUI lnnwg_“nmugl_i
7 N‘n“ ORG ps. gs
TNy LON  HIGH [LoWw  HIGH |[LoW  HIGH
""7\ 23503750 1 34303970 [ 3790 3410 BABELINE
[ mos_ ¥ . 10 ¥ | I ¥ _SYSTE
o) 1 1 1 1 3 ‘ YUH=60A
113/ 10 12 6 1| 4 UH- 18
6en 1 1 1 1 1 1 YUH-60A
68D 2 2 1 1 1 2 YUH=60A
eor 1 1 0 ol o 0 YUH=60A
668G 2 2 1 1 1 1 YUH=60A
681 1 1 0 ol 1 1 YUH=60A

1/ cstimate is for 15 UH=60A helicopters,
2/ moB 67T s transitory replacing 67N after the UH=80A Concept Exploration Phase.

Exhibit IV-~-10. UH-60A ORG, DS AND GS LEVEL WARTIME
PERSONNEL REQUIREMENTS
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) aggregating requirements for apprentice personnel into
Aptitude Clusters.
? ! a. Determine Apprentice Enlisted Personnel Requirements
E;T None of the documents that provided input data for
E:E the UH=-60A demonstration of EMREM included pay grade or skill
l - level information. However, this information could be ascer-

tained for ORG maintenance personnel by examining an Assault
' }E Helicopter Company TOE, Thus, for the same reasons as for the
| AH-64, only requirements for UH~6UA ORG-level apprentices could
be aggregated to requirements by Aptitude Cluster. The TOE used
for this purpose was TOE number 7-258H dated December 1971. That
TOE contains personnel slots for ORG maintenance personnel asso-
ciated with the UH-1H, This is a reasonable TOE to use since it
was promulgated before DSARC I for the UH-60A, and, based on
information in the UH=60A mission need statement, the types of
maintenance personnél required for the UH~1H and the UH-60A
should be similar.

The results of applving the same steps as used for the
AH-64 to the UH-60A EMREM ORG level peacetime and wartime esti-
mates are summarized in Exhibit IV-ll,

b. Aggregate MOS Requirements to Aptitude Clusters

The final step in the translation of ocur estimates

into Aptitude Clusters involves the mapping of the UH-60A MOS

into Aptitude Clusters., The definitions of the Aptitude Clusters

developed in this study are included in Appendix A of this

report. Where there were two or more MUS in a single cluster we

have added the associated requirements for the cluster totals. Lﬁ
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[ Vi EMREM PERSONNEL REQUIREMENT !STIHATE"‘/
- 2 WARTINE
el { Mo | CET
--ﬁ
38 1 1 )
o ¢7r/ 1 2 2
o 11 1 1 1
o 68D 1 2 2
rﬂ s8r 0 0 0
_ 68G 0 1 1
68H 1 1 1
' l 1/ Estimate is for 15 UH=60A helicopters,
e 2/ Oparator personnel are excluded since they are Warrant Officers.
?ﬂ 3/ Mos 67T is a transitory one, which replaced 67N after the UH-60A
Concept Exploration Phase,
"
-
i: Exhibit IV-11l. UH-60A ORG LEVEL APPRENTICE MAINTENANCE

PERSONNEL REQUIREMENTS
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The CRG level MOS for the UH-60A are found in two of the Aptitude
Clusters, Technical and Mechanical Maintenance. This final step
in the conversion to Aptitude Clusters is based on a previously
developed table relating MOS to Aptitude Clusters. The results
of this conversion for both peacetime and wartime scenarios are

summarized in Exhibits IV-=12 and IV~-13, respectively.

c. ANALYSIS OF UH-60A EMREM MANPOWER ESTIMATES

As with the Al=-64, it was originally intended that the
estimates developed for the UH-60A using the EMREM would be
compared to official Army estimates. Of the possible sources,
the only detailed data currently available are from the AMIM,
However, given the unusual nature of the estimate ultimetely
developed for the UH-60A, it was decided that any comparison
to Army estimates might be misleading. For this reason no com-
parison has been made for the UH~60A,

In the next section the technological impacts considered in

this analysis are summarized.

IV=44
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e
- 1
°s MoS CLUSTER EMREM ESTIMATE™ CLUSTER TOTAL
s 38 Technical 1 1
L g112/ 1
W 668 1
R €8D Mechanical Maintenance 1 4
. s8r 0
E’i 666 0
‘ 68K 1
. 1/ Estimate is for 13 UH-60A helicopters,
2/ M08 67T is transitory replacing &7N singe the UH=-80A Concept
o Exploration Phase.
n
;

Exhibit IV~12. UH-60A ORG LEVEL PEACETIME APPRENTICE MAINTENANCE
PERSONNEL BY APTITUDE CLUSTER
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i EMREM EBTIMATE CLUSTER TOTAL
' Mos CLUSTER 1on HigH LOW HicH
;3 3 Technical 1 1 1 1
671‘3‘/ 2 2
o 698 1 1
) 68D Mechanical Maintenance 2 2 7 7
68r 0 0
L 68G 1 1
. 88H 1 1
. L1/ cstimate is for 13 UH=60A helicopters.
2/ MOS8 87T is transitory replacing 67N since the UH=-60A Concept Exploration Phase.
-
i
"
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- Exhibit IV=-13, UH-60A ORG LEVEL WARTIME APPRENTICE MAINTENANCE
L PERSONNEL BY APTITUDE CLUSTER
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V. BSUMMARY AND CONCLUSIONS

This section includes a summary and comparison of the
results of MCR's application of EMREM to the AH-64 and UH-60A
helicopters. Also included is a summary of MCR's experience in
using the EMREM to develop estimates of manpower requirements for
the helicopters and conclusions we have drawn from this research.
Many of the conclusions drawn here support observations and
conclusions from our earlier application of EMREM to the Ml

Abrams Main Battle Tank.

A, COMPARISON OF AH-64 AND UH=-60A EMREM ESTIMATES

The major goal of this task was to demonstrate if sutfic~-
iently detailed estimates of manpower requirements could be
doveloped using the EMREM approach to examine potential manpower
impacts of technology. Two relatable systems were selected for
this demonstration: the AH-64, representing the high technology
system, and the UH-60A representing the low technology system.
As discussed in the respective analyses for these systems, com-

monality between the two systems was encouraged, particularly in

the selection of the vehicle power plant. Thus, it is possible
that differences in technology may have been minimized betwesn
these two systems,

Exhibit V-1 shows che relationship of the hardware charac-

teristica to the related MOS and occupation. This illustrates

that the same MOS, with few exceptions, are used in both eystems,
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The two differences are the MOS system designator for the heli-
copter repairer, which is 67R for attack helicopters and 67T for
utility helicopters, and the presence of armament-relat®d MOS on
the AH~64 that are not now required on the UH=60A.

Exhibit V-2 compares the peacetime and wartime personnel
requirements for the two helicopters. Included in this exhibit
are notations on the reasons for significant differences between
the two systems, in terms of the organizational units in which
they will be deployed. The impact of deploying these systems
together can not be gauged from this analysis, although it is
possible that some of the same manpower could work on both of
the systems.

As can be seen in this table, the AH-64 is expected to have
significantly higher personnel requirements than the UH=60A,
primarily due to the advanced avionics and electronics systems,

and the presence of the HELLFIRE missile. Current plans to

modify the UH=60A to carry similar armament could, conceivably,

produce increases in selected manpower reqguirements.

B. SUMMARY

The purpose of this analysis was to further demonastrate the
utility of EMREM as a means of establishing manpower estimates
for major weapon systems prior to DSARC Milestone I. 1In an o

EQ/MCR documented the application of EMREM on the i:

earlier report,

10/ TR-8217-3, Demonstration of the Early=-On Mangowor Requirements Ef
Estimation Methodology: rams Main Battle Tank, Management e

?E:s Consulting & Research, Inc., 30 September 1983, o




Additional Avionics on AH-64

Advanced low-maintenance rotors on UB-60A

Additional electronics equipment on AH-64

HELLFIRE Missile and additional armament

on AR-64
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1/ Personnel required to maintain 18 AR-64 helicopters amd 15 UH-60A helicopters.

COMPARISON OF TOTAL FMRFM PEACETIME AND WARTIME
AH-64 AND UH-60A

ESTIMATES

Exhibit V-2.




M1 Abrams Main Battle Tank. The current application provides
! further verification that manpower requirements estimates for
i major systems can be developed, in the case of the Army; well
) before DSARC Milestons II, the point at which these estimates are
normally developed, How much earlier depends on a number of con-
& siderations., Since the basis of the EMREM estimation technique
s is comparability analysis, the principal determinant of when the
methodology can be applied is the availability of data on what we
g{ have termed the baseline subsystems. Based on our applications
. of the methodology, we have found that:
F ® the amount of detail available for early weapon system
manpower estimates varies significantly from program to
progran}

® the development of estimates of peacetime and wartime
manpover requirements varies from program to programs

° the ability to perform comfarability analysis depends
on identification of baseline hardware characteristics
and manpower data that are related to the evolution of
the new system design) .

. subsystem-level data are sufficient for making early
estimates, but information on more specific performance
characteristics is useful for comparative purposes) and

[ the same general categories of data sources are useful,
regardless of the system being analyzed, however the
quantity and quality of program-specific data vary
significantly.

Based on this experience, a preliminary list of minimum data
regquirements has been developed. In order to make early esti-
mates of manpower reguirements for the new system being devel-
oped, the analyst needs:

° a description of the required performance characteris-
tics, if possible, by subsystem,

V=5
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In addition to these data on the new system, specific data

are also required on the baseline system or systems, including:

While these are minimum data required to effectively esti-
mate weapon system manpower requirements early-on, it is impor-
tant to keep in mind that additional data are always desirable.
Therefore, development of data bases such as those described in
MIL-STD-1388-1A will almost certainly increase the effectiveness
of the estimate development. 'Qﬁ

As noted in the discussion of the data availability, dis-
tinctions must be made among data currently generated by the Army
in the Concept Exploration Phase, data developed in the AH-64 and i&«

UH-60A Concept Exploration Phases, and data now obtainable from

planned usage rates, preferably for both wartime and
peacetime operating scenarios,

the type and size of the organizational unit in which
the system will be deployed, =

the planned size of the crew or intended number of
operators per saystem, and

the concept of operations and maintenance (wartime and
peacetime separately, if they will be different),

reliability and maintainability parameters and values
for each baseline subsystem,

system and subsystem (wartime and peacetime) usage rates,
the ?uantity of manpower by occupational type and skill-
level required by the system, within the organizational
unit in which it is deployed,

the (wartime and psacetime) concept of operations and
maintenance, and

any system~peculiar maintenance characteristics of the
fielded system,
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Concept Exploration Phase data severely influenced MCR's develop-
ment of a "pure" pre-Milestons I estimate for the two helicop-
ters. However, documents available at that time would have
allowed the development of such an estimate. 8ince that time,
the Army has instituted the development of new data systems such
as the AMIM and Bample Data Collection which will facilitate much
more eftective estimating for future systems. In additioen,
programs are underway to significantly improve the Army's early
weapon system manpower requirements estimating. For these
reasons we believe that early estimates can be developed using
existing documentation,

However, the current ability to produce a comprehensive
array of life cycle manpower estimates is somewhat impaired in
the current documentation process. This is largely due to the
lack of sufficlently detailed longitudinal data on subsystems,
and that limits the ability to effectively interpret the stage in

the system life cycle represented by the data., Because the com-
parability analysis requires utilization of historical data on
baselino systems, this strongly influences the development of
life cycle eatimates. Implementation of the MIL-STD-1388~1A
requirements for development of system life cycle estimates will

greatly enhance the Services' capability to produce similar man-

A e fetedls fan -

power estimates. [

Finally, concerning the question of the level of detail $§§¥£
sufficient to generate a reasonable estimate, these demonstra- iiiéﬁ
tiont show that major subsystem data are sufficient. While FO-'H

detailed data on components are useful for distinguishing similar
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subsystems from one another, alternative technical data sources
were found to be sufficient. Also, in the very early stages of a
system design, the only data available may be at the 1‘591 of

major subsystems, and these may frequently be tentative.

C.  CONCLUBIONS

The following are MCR's conclusions regarding the develop-
ment and demonstration of the Early-On Manpower Reguirements
Estimation Methodology (EMREM).

(] EMREM is an effective method for examining the manpower
implications of different technologies early in the
system design process.

] The EMREM approach developed in this study is consis-
tent with the comparability analysis outlined in
MIL=8STD-1388-1A. The types of data required for EMREM
are similar to those developed in the LS8A with the
following exceptions:

- EMREM requires generally less detailed data on
subsystems.

- EMREM analysis is intended to be perfcrmed in a
particular phase of the system acquisition, gener-
ally earlier than the LSA manpower requirements
analysis is to be performed.

- MCR believes that it is desirable to perform this
analysis as esarly as possible in the acquisition
process, since the information produced can con-
tribute to the development of a more supportable
system., Particular analytical requirements of L5A
can be effectively supported by the results of

. this analysis.
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This study has involved the development of methodologies for
! estimating the long-term supply of manpower and the demand for
military enlisted manpower. In order to ultimately rol:to the
_ brojpctod manp6w0r<lupply to the projected manpower demand, a
F" ' 'mochuniam for translating these estimates into common terms was
. necessary. This mechanism is the Aptitude Cluster, The Aptitude
F | Cluster is intondod. at an aggregate level, to represent those
characteristics and capabilities identified as "necessary® for
the performance of particular military jobs, by each of the
[ Services., It reflects the common relationships (i.e., similarity
of aptitudo‘rtquiroﬁgnts based on combinations of subtests) of
‘ aptitude composites among the Services. As such, the Aptitude
g Cluster, as opposed to the aptitude composite, is non=-Service
P spacific. The cluster represents the common characteristics
@ shared by several coﬁponttoo.
' Given the ability to relate Services' aptitude composites to
r each other and to represent them at a more aggregate level, it {s
possible to translate weapon systum-specific manpower require-

ments to the related Aptitude Cluster. In this translation, the

distinctions which are made at the Service level among occupa-
tions are blurred, so that those occupations which use the same
"types" of people are collectively represented as a single "type"
of requirement. Conceivably, within the Services as well as
among the Services, competition occurs for “types" of people to

support specific occupationzl requirements,
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The Aptitude Clusters can also be 2pplied to the manpower

' supply projections as a mechanism for tailoring, or character-
izing, the projected population. This is necessary in grder to
:i add another dimension to the population, the diltribhtion of
é. those capabilities which the population may have and which the
Pf Services need in their apprentices, In this use, the Aptitude
> Clusters are used in conjunction with historic ASVAB scoring data
& to show the overall distribution of aptitudes in the projected
population,
. Given the aggregate nature of the Aptitude Clusters, it was
bﬁ necessary to identify the characteristics common among the
Services' composites. The distribution and variety of subtest
combinations clearly indicated that the subtest level of detail
I' was not a functional level at which to identify common character-
:. istice. Initial examination and review for discussion of the
ii content of the subtests indicated that it was possible to group
» the subtests., This grouping is based on the similarity of the
: knowledge yroups the subtests are addressing. There are two E]EQ
}' studies which have statistically analyzed these relationuhipu.l/ %E.i
- Four groups of subtests wWere used: ,.
: ° Math, composed of Arithmetic Reasoning (AR) and Math ifwd
Knowledge (MK)) e
EE ° Speed, composed of Numerical Operations (NO) and Coding i

l Speed (CS)y

1/ pr. Darrell Bock of the University of Chicago has studied these
- relationships using the 1980 "Profile of American Youth" data,
| The Army Research Insticute analysis is documented in "Factor
- Structure of the Armad Services Vocational Aptitude Battery
(ASVAB), Forms 8, 9 and 10: 1981 Army Applicant Sample.”
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® Verbal, composed of Paragraph Comprehension (PC), Word
Knowledge (WK), and General Science (GS)r and

° Technical, composed of Electronic Information (E1),
Mechanical Comprehension (MC), and Automotive z:Bhop (AS).

The relationships identified in the Profile of American Youth
data were selected since they are based on the same data base used
in developing MCR's manpower supply projections. The Services'

aptitude composite/subtest combinations ware arrayed according

to these subtist group;ngs and are'lhown in Exhibit A-l.

As noted earlier, all four Services have three composites
which are structurally composed of the same set of subtests and
are, therefore, common to all. These ars the General, Adminis-
trative/Clerical and Electronics composites. Using the subtest
grouping approach, it can be seen, however, that there are addi-
tional cases of common characteristics. 8ince the subtests are
grouped, these common relationships are based on the combination
of subtests in a group. Therefore, although one composite may
use one subtest in a group, and another composite may not use the

first subtest but doas use another subtest in the same group, the

two composites are considered related. Based on this analysis of

subtest selections by group, all of the composites have been i;‘ﬁ

related to each other and assigned to a cluster. b
As discussed earlier, some analytical judgemsnt has been '”

used in'defining and assigning the Navy composites. Analysis at

the subtest level assigned a number of very skilled electronics
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occupations to the Navy Skilled Technical and Electronics com-

posites, although structurally they were not quite compatible.

Analysis according to subtest groups allowed for the splitting

out of these occupations into a separate composite, called here
General (Electronics).

In addition to combinations of subtests, aptitude composites
are also defined by the minimum combined scores required to
qualify for occupations (i.e., training) in the composite. wWithin
the composite, individual occupations are assigned minimum
required scores. In order to determine the proportion of the
population gqualifying in each aptitude composite, it was neces-
sary to aelect criteria for this qualification. A minimum com=-
bined score was identified for each aptitude composite based on
analysis of the occupation qualification scores used by each
Service. (The list of apprentice occupations in each Service by
Aptitude Cluster and minimum score is included in the MCR Repcrt

Aptitude Content of the Non=Prior Service Youth and Enlisted

Apprentice Populations: 1982-2010, TR-8217-2, Appendix C.) 1In

those cases where large differences exist in the minimum combined
score requirements for groups of occupations in a composite, the
composite was restructured for this analysis to reflect this. Thus,

the Navy/General (Basic) and Navy/General (Electronics) compos-

ites belong to the same cluster, based on the analysis of their
subtest requirements, However they are different composites, not :iﬁﬁﬁ
only due to differences in subset combinations, but also due to ﬁ;?i
the large differences in the score requirements. A single mini- :

mum combined score was determined, based on analysis of the

I L R R G R SR A



overall bottom end of the score range, for each service composite
in each cluster., These are shown in Exhibit A-2, These combina-
tions of subtests and scores, expressed as individual cémponlten
and as cluster qualification scores, were used as the basis for
refining the population projections of the non=-prior service
youth (17-21 years old) and the military enlisted apprentice
populations,

In order to develop the aptitude composite and cluster
qualification rates for the NPS youth and enlisted apprentice
populations, the definitions of the compogitos and clusters were
Jpplied to three data bases. The Profile of American Youth study
was used to represent NPS youth, also referred to here as the
civilian population. The enlisted apprentice rates were devel-
oped from analysis of the FY8l and FY¥82 military accession data
bases. The composite aﬁd cluster qualification definitions were
applied to these data bases through a two-step process to produce
the qualification rates used in the third part of the PROMANSA
model,

In the first step, the test results in the three dzta bases
were reviawed to determine if the individuals in the selected age
groups met the minimum combined score requirements in each
composite., Based on this analysis, composite qualification rates
were developed for the NPS youth and enlisted apprentice
populations,

In the second step, the Aptitude Cluster qualification rates
were developed, Within each cluster, there may be more than one

combination of subtests making up the various composites in the

AR
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cluaster. In order to determine the qualification rates for the
l- seven clusters, it was necessary to determine if individuals
qualified in any one of the different combinations of sibtests

included in the cluster., Seventeen unique subtest combinations

',, were identified within the 26 composites. Theae 17 combinations
' were used to determine the cluster qualification rates, For
:? example, ir order to qualify for the Technical cluster, an

individual could qualify in any one of six ways. The arrows in

Exhibit A-2 show the 17 subtest combinations used to develop the

A

Aptitude Cluster qualification rates.
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APPENDIX B

EMREM PROGRAM DOCUMENTATION
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This appendix documents the computer program used to calcu-

-

! late the weapon system manpower estimates developed in the second

part of EMREM (see Exhibit II-2). The program is written in

tﬁ Apple-soft BASIC and has been run on the Apple II microcomputer.
- The program consists of a short main program and four sub-

M routines, The main program is primarily responsible for reading
o the input data,

= The first subroutine is an interactive data input section.
Eﬁ The user is prompted to supply the crucial parameters pertaining
: to the new weapon system and the organizational unit into which
ﬁf this system is to be deployed. Specifically, the user is first
& asked to enter the lower and upper bounds for the new weapon

- system usage rate. For the helicopter applications, the unit of

i‘ measure for the usage rate is flying hours per year. The user is

then prompted to supply the lower and upper bounds for the annual

N available productive manhour (AAPMH) factor. This factor, which

» varies by maintenance echelon, allows the conversion of annual

maintenance manhour data to numbers of personnel. The final

prompt in this subroutine asks the user to supply the number of
weapon systems anticipated to be deployed into the organiza-

tional unit.

The second subroutine calculates the number of persons from
o each MOS group required to meet the scheduled and unscheduled ﬁiV'
;3 maintenance requirements at each echelon below the depot level,

as well as the total below depot level requirement. That calcu-

[ﬂ lation explicitly accounts for the number of weapon systems in .
. the organizational unit, ': N
< L

T
). B-1 .
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There are a number of assumptions incorporated in the cal-
culations that deserve elaboration, The most salient of them is
that manpower requirements are directly proportional té:the
usage rate; i.e., doubling the usage rate doubles the associated
maintenance manhour requirements. This seems a reasonable
assumption when applied to small (relative) fluctuations in the
usage rate. It is, howesver, a concession to data availability.
Another assumption concerns the rounding of non-integer personnel
figures into more meaningful integer values. That is, after
dividing the required AAMH (for a given MOS) by the AAPMH factor,
the result is an integer plus some fraction. We impose a couple
of rules that apply in the conversion of this figure into an
integer. The first of these assumptions can be interpreted in
the following way, Let N be the number of weapon systems in ;he
organizationl unit. Then, if the rounding to the greatest
integer less than or egual to (N®AMMH)/AAPMH implies that each of
the associated personnel must absorb an additional ten percent or

more work load (due to rounding), then the figure may be eval-

uated for potential rounding upward to the next higher integer.

This leads tos the second rule imposed on rounding. The program
does not allow the upward rounding if the result is that each of
the associated personnel is contributing less than 90 percent of

the lower AAPMH factor input. The product of the second sub-

routine is the number of below-depot-level maintenance and

support personnel required for each MOS group. This estimate is

determined for each of the four scenarios that reflect the

pairwise combinations of the two extreme usage rates and AAPMH factors.
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The third subroutine compares the EMREM below depot level
estimates to the most recent observations on the weapon system to
vhich EMREM is being applied. This subroutine determines where
the benchmark (realized) manpower requirements lie with respect
to the EMREM estimate interval. This lubroutln; allows expedient
isolation of those MOSs (and, hence, subsystems) for which EMREM
is proving to be less accurata. This will allow us to critically
evaluate our choice of input data.

The fourth subroutine is essentially a r;port writer.

The baseline program may be modified or augmented so as to

most fully exploit the data available for EMREM applications to

other weapon systems.
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REM  #sxassis EMREM PROGRAM KSREEANK
PRINT CHR¢ «(4)"BRUN AMPER INTERPRETEFR"
TEXT : HOME

REM  INITIALIZATION STATEMENTS
" A= 0:Be 0:Cm 0:Dw0:E®OF s 06w 0Ha01w=0:Jw=0K=O0L=0
2o Me 0NsO

Y 6 Pw=0:0=w0:Rmw0S5=0Tu0:U = 0:V= 0:Wa0:Xm0:Y¥w=0:2um0
?

[ S

HOME : SPEEDs 160: FOR I = § TO 10: PRINT : NEXT : PRINT “

o A% EMREM %k#% ", HOME : PRINT " “, SPEEDm 285
¥ 3 REM  DIMENSION STATEMENTS
9 REM

Lo 10 DIM C16¢30).€2(30) . A1(30). . A2(30) ,A3(30) ,A4(30) LL#C30),CV(30)
e 12 DIM H1t30) H2030),P1¢10,30),P2(10.30)
13 DIM MS#(30) . MI(30).MH(30),E0(30) .80¢30)

e 14 BELLS = "
& 15 REM READ STATEMENTZ2
16 REM

17 READ 5Y$.US ., NO

18 FOR I = 1 TO NO: READ MS$(1),MICI) ,MH(X) Bs(1),89(1): NEXT
19 READ CB¢ .MLZ NI
20 FOR J = 1 TO Ni: READ C1¢(J).C2(J): NEXT
v 21 REM

" zz2 REM #raary ESTIMATE INPUT DATA XX¥#is
g 2} DATA AH-64.TLYING MRS/YR.S
c« 24 DATA 68G,1..03Z AH-56, AAHTF

1% 25 DATA 68D, 1, 360 AH-56,AAHIT
P 26 DATA  48B,1000,84 33, YUH-60A, EtKOR.
. 27 DATA 6BH,1, 000,AH-16.ARS70-¢

. 28 DATA 68F.1,.000.AH-1G. ARS70-2

™ 20 DATA 35 .1,.629 AM-86,AAHTF
: 30 DATA 68J.1,. 038, AH-56, AAHTT
‘1@ 31 DATA 68J/M.1,3.061,AH-56 AAKTF

-[9 3. DATA 67R.1,.013.AH-S56,AAHTT

$4 REM ERKABRKARREREARN RS RRREYANARKIIRERR
$SS HREM
F! Sé REM sykgxssx COMPARISON DATA #XXkkxxx

- §?7 REM DUMMY DATA FOR COMPARIZON
. S8 DATA FY8Z GJIPRI.I1.}
" 59 DATA 68G.100

" 9s REM BAARNRRRRRRARARRRARIRRRKDRRRRARAER
96 REM
o 97 REM
i 98 REM
’ 99 REM S IENEN NN NSNS NARNERER
“ 100 REM PROMPT USER FOR SCENARIO INPUT
'ﬁ 1018 REM ACASEBNENEEEENSERNANENUNNGSSNSRAN
o 110 GOSUB 1000
115 REM
e 119 REM I EEN LN NN NSRRI RS RERARNS
e 120 REM CALCULATE MANPOWER REQUIREMENTE
141 REM NSNS EEPNURTSEESESARSNNGNEANRR
o 130 GOSUB 2000
i: 135 REM
139 REM FEEENEE SNV EE NN N NS RN AR ENEE
.. 140 REM COMPARE EETIMATES WITH ACTUALS
b: 141 REM SNES IR UE SR NENNSESARNSERARERN
o 180 GOZUB 3000
L B4
R R R N NN G
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: 185 REM
189 REM NSNS NS SN AR AN

b 160 REM GENERATE QOUTPUT REPORT

i 1618 REM SENANEEES RN SNGARANAERD
170 GOSUB 4000

\ 178  REM

. 180 END

3 190 REM

| 200 REM

' 210 REM

-
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"I 1000
1003
1002

»f1003
1004

it 1008
1006

1007

1008
1009
21010
- 101
,."~1°1L

¥
L 10158
n; 1020

ey
“1030

a 1040
11080

[ 1080
:“ 1065
1070

®i0s0

1090
';:c '1 1 0 0

1110
- 1115
5;1120

Lo
;...-l
uh]
o B

1135
1140
1180

. :.l "-l “! ".\ ',

REIM (¢(<{¢{C PARAMETER INPUT SUEROUTINE >)))))
LR » "ERROR -- LOWER WAS =) UPPER!"
PRINT BELLY. HOME : FOR I = 3 TO 8: PRINT : NEXT |

PRINT " »;: INVERSE : PRINT " RECORD KEEPING INFORMATION

“+ PRINT : PRINT

NORMAL : PRINT " “;: INVERSE : PRINT "“TODAY'S DATE (MO/DA/YR)".: INPUT
D¢

PRINT . NORMAL : PRINT " ";: INVERSE : PRINT "PURPOSE:"

NORMAL : PRINT * 1 ORG ECHELON RUN": PRINT " 2 D8 ECHELON R
UN": PRINT ° 3 GS ECHELON RUN": PRINT : PRINT " “;

INVERSE : FRINT “YOUR CHOICE?".: GET H. IFH ¢ 1 OR H ) 3 THEN HOME
: FOR 1 » 1 TO 10: PRINT : NEXT :&@ GOTC 100§

I H = { THEN PP¢ » "QRG ECHELON RUN"

IF H = ¢ THEN PPS = “DE ECHELON RUN"

IT H= 3 THEN PPV s "G5 ECHELON RUN"

FOR I = § TO 3: PRINT BELLS

HOME @ PRINT : PRINT : INVERSE : PRINT SY¢"-RELATED PARAMETER INPUT
SECTION": NORMAL

PRINT BELLS

PRINT : PRINT . SPEEDe 180: PRINT "ENTER UPPER AND LOWER BOUNDE FOR"
- PRINT EY¢" USAGE RATE "

.PRINT . PRINT "LOWER BOUND = ";: INPUT M1: PRINT "UPPER BOUND = “.: IKPVUT

M2: PRINT : PRINT

1F M2  M{ GOTO 1060

SPEED= 25%5: FOR I = 1 TO Z: PRINT BELLS: NEXT : SPEEDs 25: PRINT : TRINT
ERs® "+ HOME : GOTO 1020

PRINT SPCC S)NRAARERRARIRXAIRARRIANAARIRRNERR" SPC( §)

PRINT BELL?®

PRINT : PRINT : SPEEDs {80: PRINT "ENTER UPPER AND LOWER BOUNDE FOR"

© PRINT "AAPMH FACTOR. "

PRINT : PRINT "“LOWER BOUND = " ;: INPUT Fuii): PRINT “UEPER BOUND e ",

INPUT F(Z): PRINT : PRINT

IF F(2) > F¢1) GOTO 1110

SFLEDs 255 FOR I = 1 TO 2: PRINT BELLY NEXT SPEED= 25: PRINT : PRINT
ERs " ", HOME : GOTO 1070

REM

PRINT BELLYS

HOME . PRINT : PRINT : PRINT : PRINT : PRINT : PRINT "ENTER ANTICIPA
TED NO. OF "SYs"E8"  PRINT "PER ORGANIZATIONAL UNIT.":- INPUT N

FOR I » 1 TO 3: PRINT BELLS: NEXT

SPEEDs 100 HOME : FOR I » 1 TO 10: PRINT : NEXT : INVERSE : PRINT "

w=-= NOW CALCULATING REQUIREMENTS =--- ": NORMAL : SPEED. 25S
RETURN
REM
REM
B=€

......
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e 1P

E ¢000 REM (¢ CALCULATION SUBROUTINE )>))3)»)

2005 REM CALCULATE TOTAL MANHOUR REQUIREMENTS FOR ORG UNIT
2010 FOR J = 1 TO NO

2020 H1(J) = N » (M1 / MIGJ)) & MH(J)

2030 HZ(J) = N » (M2 / MICI)) ® MH(J)

2040 NEXT

4045 REM CHECK FOR EXCESSIVE WORKLQAD DUE TO DOWNWARD ROUNDING
2050 FOR ! = § TO 2: FOR K = § TO NO

2060 IF (MI(K) / F(I) - INT (HItK) / FCID)) / ¢ INT CHLCK) 7 FCI)) + .00
" 01) 5 1 GOTO 2080
ﬁ; 2070 PL(I.K) w INT (HI(K) / F(I)) GOTO 2090

2060 P1.1.Ki = INT (HIC(K) 7 (1)) & 8 |
. 2090 IF (HZ(K) / F(I) = INT (HZCK) / FC(1D)) / € INT CH2CK) / F(I)) + .00
&- 01) 5 .1 GOTD z110

et 2100 PZCT.K) = INT (H2(K) /7 ¥F(I)): GOTO 2120

2110 P2(1.X) = INT (H2(K) 7/ F(1)) + 1}

2120 NEXYT K: NEXT I

2125 REM CHECK FOR DIMINUTIVE WORKLOAD

2130 FOR @I = §{ TO 2: FOR K » 1 TO NO

2140 IF HI(K) / (P1(1.K) + ,0000i) ¢ .41 *» F(I) THEN PI(I.X) = PI(].K) =1}

) 2150 IF HI(K) / (P2(1.K) + .00001) ¢ .1 * F(l) THEN P2(I.X) = PI(I.K) = 1}

W 2160 IF P1.1.K) ¢ 0 THEN Pi(1,K} = 0
" 2170 IF P2(1.K) ¢ 0 THEN P2(I1,K) = 0
. 2200 NEXT K NEXT !

?&' 2900 RETURN

S 2998  REM

2999 REM

B=7
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3000 REM ¢¢¢¢¢¢ COMPARISON SUBROUTINE )))1Y))

3315 REM DETLKMINE WHETHER ESTIMATE INTERVALS CONTAIN BENCHMARK DATA

330 FOR I = § TO N1:X » O

3330 X = X + }

3338 IF X = > NO + i THEN LL#(I) = "EMREM DID NOT ANTICIPATE THIS MOL GR
OUP.":CVL]) ~ 3: GOTO 3400

3340 IF C18(1) « MS$(X) THEN GOTO 3380

3350 GOTO 3330

8780 REM THERE 12 A MATCH BETWEEN COMPARISON AND EMREM MOS CODE

3385 IF C2(1) = 5 (HI1(X) / N) AND C2(I) = ¢ (H2(X) / N) THEN LLV(I) = "
YEE" - GOTO 3400

3390 LLSCI) » "NO": IF C2¢(!) ¢ H1(X) / N THEN CVil) = 1: GOTO 3400

3395 CV(l) = 2

3400 NEXT I

3980 RETURN

3990 REM

39S REM

rt‘.‘":"?
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REM ¢¢(¢¢{¢ REPORT WRITING SUBROUTINE )>))>»

PR¢ 1

PRINT CHR¢ (%)"80N": PRINT CHR®¢ (27)"E"

Yit = "(EMREM LOWER BOUND TOO HIGH.)":Y¥2¢ = “(EMREM UPPER BOUND TOO L
ow. )"
NC$ = " NOTE: ®PERS. INVARIANT TO USAGE RATE. AAPMH FACTOR RANGE LIM
ITS AFTER ROUNDING . ":FT¢ = " (SEE NOTE.)
S1¢ = "NOTE: EMREM PREDICTED ":8Z¢ « " RELEVANT MOE GROUPS THAN "

" F1% « "FRMT,.#3,":F2¢ = "FRMT,X10.8.2,0:":F38 = “"FRMT,X10,8.2,0." F4s =

"FRMT , #1§;"
FS¢ =« "FRMT . X7.5.0.0.": PRINT CHR¢ (12)

PRINT : PRINT : PRINT EPCC 6)"REERXRRREARRARRRRLRXRNERRRARARRAKI RN Y KA
RARRAARRARRARBARERERARERR R

PRINT EPC( 6&)"» EMREM MAINTENANCE & SUPPORT MANMOUR REQUIREMENTE EE
TIMATES »¢

PRINT SPCU G)"RERRRARRRRERKBRREREREARERRIRRKRIAREAARAAXINERAR AR NARN L
ARERRRAN KD

PRINT CHRs (27)"E"

PR%NT : PRINT : PRINT : PRINT SPC( 28)8SYe" APPLICATION": PRINT . PRINT

PRINT

PRINT SPC( 28)'"AMMH"

PRINT 8PC( 16)"MOE" SPC( S)"LOW" SPC( S)"HIGH" SPC( &)"BASELINE 8YE
"

FOR K = 1 TO NO

PRINT EPC( 16): & PRNT MEs(K).Fis:. § PRNT HI(K) F2¢: & PRNT . HZ(X). F
30: & PRNT . ES(K) ,F43: PRINT SPCC 2): PRINT

NEXT K

FOR 1 « 1 TO 8. PRINT : NEXT

PRINT SPC( 35)"SBCENARIO": PRINT BPC( 18)"ESTIMATE" SPC( 6)"AAPMH" SPC(
4)"USAGE RATE ("yus")»®

PRINT ESPC( 18)"LOW" 8PCY 10)F(2) BPC( 8)M)

PRINT S8PC¢ 17Y"HIGH" BECC 10 FC1) SPC( 8IM2

FRINT : PRINT : PRINT SPC( 16)"ORG. UNIT BIZE = "N'" "S8Ys"’'g "

FOR I » 1 TO 14: PRINT - NEXT : PRINT B8PC( 45)"DATE: "D¢

PRINT SPC{ 4S5)"PURPOSE. "PPH

REM

PR 1: PRINT CHRS (9)"80N": PRINT CHRt (12)

PRINT . PRINT

PRINT SPC( 4)"RXARBRAARRMRABRNIAREIRARNSARERARARAAREENRRFRRRN BRI IR Y A2
EAARERARRIORY

PRINT SPC( 4¢)"* EMREM MAINTENANCE & SUPPORT PERSONNEL REQUIREMENTS
LETIMATES a"

PRINT SPCC 4)"RABXAAANRARRRKARRERRARARNRARRRRARRERE KR KR RRRR KA KA 40 X
AAERARTRN KR

FRINT : PRINT : PRINT SPC( Y0)SYe" APPLICATION":. PRINT : PRINT : PRINT

FRINT EPCC 18)"MDE" BPC( 4)"LOW" BSPC( 3)"HIGH" EBPC( 6)"BASELINE"

FOR I = 1 TO NO

PRINT SBCt 18): & PRNT MEe(l) Fie:. § PRNT.P1(2,1),FS¢: & PRNT PZ(1},

1) FSH. & PRNT.Bs(]),F4s: PRINT SPC( 3) - PRINT

NEXT 1

FOR I = 1 TO & PRINT NEXT

PRINT SPC:. 35)"SCENARIO" PRINT S8PC: 16)"ESTIMATE" SPC( &) "AAPMH" BPC(
4)"USAGE RATE ("ue")"
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Rt 3 '{f

PRINT SPC( 18)"LOW" SPC( 10)F(2) SPCL B)IMI
42°4 PRINT SPC( 17)"HIGH" SPC( 10)FL1) BPC( 8IM2

M 7 4275 PRINT : PRINT ' PRINT SPC( 16)"ORG. UNIT SIZE = "N "8Y¢$"’S."

"3 Wi 4276 FOR I = 3 TO 34: PRINT : NEXT : PRINT SPC( 45)"DATE: "D¢

¥ 277 PRINT SPC( 45)"PURPOSE: "PP$

H oz 4278 PRINT

% S 4290 BPEEDs 100: PRINT : PRINT : PRINT : PRINT "IF YOU WOULD LIKE TO HAVE
|i A COMPARISON REPORT. ENTER 1.": SPEED= 255

s 4300 GET U: IF U = 1 THEN GOTO 4400

ol
-

"o 4310 GOTO 4990
v REM  COMPARISON REPORT PRINT STATEMENTS (OPTJONAL)

PR® {: PRINT CHRS (42): PRe 1}

PRINT CHR® (9)"80ON"

PRINT SPC( 22)"sa% COMPARISON SUMMARY ##4s"

PRINT : PRINT : PRINT $PC( 26)SYs" APPLICATION": PRINT SPC( 24)"BE
NCHMARK DATA SOURCE. "CB¢

PRINT : PRINT : PRINT

IF NO > Ni{ THEN PRINT S{¢"MORE"S2¢;:. PRINT C8¢".°

IF NO ¢ Ni THEN PRINT S1¢"FEWER"S2¢;: PRINT CS¢". "

PRINT : PRINT

PRINT " MOS GROUP" SBC( 12)CS#" VALUE IN EMREM INTERVAL?"
PRINT

FOR J = 1 TO Ni

PRINT SPC( 6)C181J) BPC( 24)LLMLI);

IF CV(J) = § THEN PRINT " "Y1#

i1F CViJ) = 2 THEN PRINT " "Y2¥

IF CV(J) ¢ = > 1 AND €V(J) ¢ = ) 2 THEN FRINT " ™: PRINT
NEAT J

PRINT CHR$ (12)

RETURN
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