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PREFACE

This report describes the application of the HARDMAN methodology to the
various configurations of employment for an emerging Army multipurpose

! communications system. The methodology was used to analyze the manpower,
personnel and training (MPT) requirements and associated costs, of the

N system concepts responsive to the Army's requirement for the Single Channel

- Ground-Airborne Radio System (SINCGARS). The scope of the application
includes the analysis of two conceptual designs (Cincinnati Electronics and
ITT Aerospace/Optical Division) for operation and maintenance support

addressed through the general support maintenance echelon.

2 The contract for this HARDMAN application (task order RE-182/256 of
subcontract NAS7-100) was let by Jet Propulsion Laboratory on behalf of ARI.
Ef The contractor was Dynamics Research Corporation (DRC).
Dr. Dan Risser provide ARI oversight. Ms. Kathy O'Hara was the JPL contract
. monitor, and Mr. Wayne Zimmerman was the JPL technical monitor. DRC's
Man-Machine Systems Department carried out the contract. The DRC contract

Program Manager was Thomas E. Mannle, Jr. The report manager was John L.

f‘ Balcom. Principle analysts and authors of the report were Kathryn Bisack,
Robert Guptil, John Park, Ray Perry, John Snow, Linwood Toomer, and Cecil
Wakelin. Administrative support was provided by Corinne Perkins, Donna
Fentross and Diana DiGregorio. Theon-dric Feng reviewed and edited the report
for ARI.
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SECTION 1 - EXECUTIVE SUMMARY

l.1 PURPOSE

In November 1982, Dynamics Research Corporation (DRC) was
placed under contract by the Jet Propulsion Laboratory,
Pasadena, California, in support of the U.S. Army Research
Institute for the Behavioral and Social Sciences (ARI) and
the U.S. Army Soldier Support Center (SSC). The purpose of
the contract was to apply the DRC-developed Military
Manpower vs. Hardware Procurement (HARDMAN) methodology to
the Single Channel Ground-Airborne Radio System (SINCGARS).
The HARDMAN methodology was originally developed by DRC for
the U.S. Navy to determine the manpower, personnel and
training (MPT) requirements of emerging weapon systems. The
methodology has been applied to sewveral major Army weapon
systems. The HARDMAN methodology is an integrated set of
data base management technigques and analytic tools designed
to assess the human resource implications of design
decisions. The methodology identifies adverse MPT impacts
of weapon system design early enough in the acquisition
process to allow corrective actions and thereby improve

system supportability.

1.2 SCOPE OF THE PROJECT

SINCGARS is an electronically tuned and controlled Very High
Frequency - Frequency Modulated (VHF-FM) radio system. The
SINCGARS family of radios consists of one manpack and six
vehicular models, each with a different configuration of
standard building block modules or camponents.,
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The SINCGARS acquisition program is approaching the Full
Scale Development Phase of the Weapon System Acguisition
Process (WSAP). At the time of the application of HARDMAN,
the SINGGARS Milestone III review by the Army System
Acquisition Review Council (ASARC) had not been accam-
plished. Two contractors were in competition for SINCGARS
full-scale development: Cincinnati Electronics (CE) and
International Telephone and Telegraph (ITT) Aerospace/
Optical Division. This project examined the proposed design
of each of the two competitors. Because of the limited time
available, the scope of the project was limited to the
following:

(1) All six steps of the HARDMAN methodology were applied:

(2) All components of the receiver/transmitter (R/T) unit
and the following optional camponents were analyzed:

Communications Security (COMSEC)

Electronic Counter - Countermmeasures (ECCM) Unit
ECCM Fill Device

Digital Data Device

Securable Remote Control Unit (SRCU)
Intra-Vehicular Remote Control (IVRC) Unit

Net Control Unit

(3) Only SINCGARS-specific maintenance workload was
computed.

(4) Manpower requirements for the crew, organizational,
direct support and general support levels of
maintenance were detemmined.

. - -
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1.3 DESCRIPTION OF THE HARDMAN METHODOLOGY

The HARDMAN methodology is <composed of six ma)
interrelated steps. All six steps of the methodology were
performed as part of the SINCGARS effort. A Ddrief
4escription of each step follows:

Step 1 - Establish a Consolidated Data Base (CDB)

During Step 1 two major functions are accamplished. First,
the Baseline Comparison System (BCS), also called the
reference system, and the proposed system configurations are
developed and the design differences between them are
evaluated. Secondly, all data required to support this anc
subsequent HARDMAN analyses are identified, collected, and
formatted.

Step 2 - Determine Manpower Requirements

In the Manpower Requirements Analysis, the manpower
requirement of the proposed system is estimated. Where
appropriate, this requirement can include civil service and
contractor as well as military manpower through all echelons
of maintenance. This estimate is derived from workload
generated by operational‘and maintenance task/event networks
using the reference system as a point of departure. Changes
in manpower reguirements are functions of the design
differences identified in Step 1.

Step 3 - Determine Training Resource Requirements

During the Traininy Resource Requirements Analysis (TRRA),
training data are collected for the reference system and

—
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modi fied to reflect the design differences in the proposed
design; Thus, changes are made in the operational and
maintenance tasks to be performed, in individual courses (to
account for the general task changes), and 1in course
resources and cost. The impacts of these changes are
aggregated to determine estimates of training, training
resources, and cost for the proposed system.

Step 4 - Determine Personnel Reguirements

The Personnel Requirements Analysis (PRA) determines the
total personnel demand of the reference and proposed
systems. This total requirement consists of (a) personnel
required "on board" to operate and maintain the system, plus
(b) the pipeline personnel who must be "grown" in the system
to consistently meet the manpower requirements determined in
Step 2. The Interactive Manpower-Personnel Assessment and
Correlation Technology (IMPACT) model is used to determine
the total personnel requirements of the proposed system.

Step 5 - Conduct Impact Analysis

The Impact Analysis determines the Amy's supply of those
manpower and training resources required by the proposed
system ancd measures that supply projection against the MPT
demand (determined in Steps 2 through 4). It identifies (a)
new reguirements for skills, training, and training
resources; (b) design and other sources of high human
resource demand; (c) requirements for scarce assets such as
skills and training resources: and (d) high cost components
of the manpower, personnel, and training reguirements
associated with the proposed system. These products include
many of the data elements required in current Department of
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Defense and Department of the Army documentation for program
reviews,

Step 6 - Perform Tradeoff Analysis

The Tradeoff Analysis prioritizes the critical requirements
(established in Step 5) according to their impact on
resource availability. A range of potential solutions to
each requirement is determined and prioritized for analysis.
The HARDMAN methodology is then iterated to develop the most
effective response to each critical resource requirement.
Both the data for and the findings of these analyses are
included in the Consolidated Data Base (CDB), thereby
insuring that a complete audit trail is generated.

1.4 RESULTS

Table 1.,4-1 highlights the results of the effort with
respect to the Baseline Comparison System and the two
proposed systems analyzed for SINCGARS. Based upon the
figures in this table, the design proposed by Cincinnati
Electronics emerges as the preferred candidate. However,
this alternative cannot be recommended, since the variances
between CE and ITT, and between CE and the BCS are almost
wholly accounted for by the differences in the degree of
design coverage provided by the Logistics Support Analysis
(LSA) data furnished by the two contractors (see 1.5 below).
ITT provided 1less LSA for their design and DRC made
relatively more analytic use of extrapolations from the BCS.
Consequently, the MPT values obtained for ITT are closer to
the BCS. CE had more coverage, and DRC accepted more of
CE's estimates, which resulted in MPT estimates much further

T, TS - - Rt - &3 = = S i Fal o 1, R ! - = .
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Table 1.4-1 SINCGARS Results Summary i

REFERENCE PROPOSED |
CATEGORY BCS CE ITT ]
Manpower
Crew 17,182 3,898 15,056
Organizational 54,218 1,863 2,809
Direct Support 25,380 1,629 9,153
General Support 20,600 1,303 6,391
Personnel
Number of MOS 7 7 7
Personnel Requirements 285,096 20,982 93,440
Annual Recruits 137,514 10,824 46,539
Training (Annual)
Training Man-Days (K) 10,661 502 2,382
Instructor Requirements 1/ 10,242 524 2,206 }
Course Costs ($K) 1/ 989,173 61,938 239,472
: i
Impact !
Availability Ratios !
32G .30 1.07 .38
35C .05 .39 .09

1/ Does not include operator requirements.
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from those of the BCS. Normally, the engineering analysts
' accept contractor projections of component reliability and
" maintainability as a starting point for their portion of a
HARDMAN application. These projections are examined,
clarified and normalized for consistency through discus-
sions, sometimes extensive, with individual contractors.
!- - Because the SINCGARS program was close to source selection,

this procedure was not followed. Thus the MPT results in

Table 1.4-1 reflect a real number of resource requirements

given the input data available. The results should serve as
- an analytical point of departure for further analysis and
may be used to demonstrate sensitivities in design or
doctrinal changes. Given the input data, all SINCGARS
configurations have been analyzed to the best possible
degree and the application of the methodology is consistent
i3 over each alternative. Results are discussed in more detail
in the appropriate sections of this report.

1.5 FACTORS INFLUENCING RESULTS

Results of this analysis were influenced by a number of

o underlying assumptions and/or constraints., A brief summary
of each is listed below.

General
'.

(o} The competition sensitive nature of the data
describing each design alternative constrained the
depth to which the application of HARDMAN could be
carried out. Data available to the SINCGARS
Program Office were unable to be released for

g consideration in this project. When lower level
[
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of detail information 1is unavailable for the
proposed systems, the analysi must rely on the
reference system for evaluation of the missing
components. Reference system equipments represent
real field data on mature systems and, hence, are
more low risk conservative projeétions. The ITT

: alternative shown in Table 1.4-1 illustrates how
:ﬁ missing information and reliance on the reference
k. system impact results., In contrast, information

received on the CE alternative described innova-
tive, technological advances in enough detail to
evaluate and reflect very favorable MPT projec-
| S
 J
b
S
'.
1S

tions.
Functional Requirements
o The SINCGARS functional requirements were derived

from analysis of the SINCGARS Operational and
Organizational (0s0) Plan and other system

.
_

B
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E

description program documentation.

Engineering and Workload

RO IRE

L on s
s
»
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o The Baseline Comparison System (BCS), also called

T Y. v
. .

the reference system, which was used as a bench-
‘ mark for evaluating the two proposed designs, was
selected to not only meet SINCGARS functional
requirements but to represent technology similar
ol to that of proposed system designs.

- o For security reasons, the TSEC/KYV-4 VANDAL

J communications security (COMSEC) equipment being
3 developed in parallel with SINCGARS and under the
[ ]
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l cognizance of the National Security Agency, was
) not analyzed. In its place, the existing TSEC/KY-
57 VINSON COMSEC equipment, which will be
compatible with SINCGARS, was included in the
= : analysis.
:_x
_ o Contractor-generated Logistic Support Analysis
bl (LSA) data differed in degree of coverage between
-
the two design contractors. This deficiency
= accounted for the variance in the magnitude of the
3 MPT discrepancies between the two proposed designs
and hindered the comparability analyses of many
- sub-systems. This deficiency also partially
accounts for the lack of a recommendation of a
preferred candidate.
'. o BCS reliability, availability, maintainability
(RAM) data were used in areas where actual,
projected or test data of the proposed systems
] were unavailable. These BCS data were perturbed
to reflect the projected impact f£from emerging
E technologies.
Manpower
= o Mission profile and equipment populations for each
3 of the seven SINCGARS configurations represented
the best estimates available to DRC personnel. An
official Mission Profile/Operational Mode Summary
was not available for this analysis.
la
(@ 5
t S CICAT T g I T EO AR AT 002 0.8 SET AL IR, QIR AR A TA R b SRR, SR A S
AT B A IR O e O AN IS TV A A SN ot A A 12 0 SIS S PRI ORI S O SPTR M ¢




U A pn

v

e

R A R il H'.'. S

" T Vg T

LA RN Bt e Rt Sida ) o aa S S et fen pife " i3 e B i s o e G 4§ e SR R iaS belia i el g R a0 SRl i - e e Ol "k T e a3

Personnel

R ST S R X
......

The manpower requirements analysis considered
SINCGARS~specific maintenance workload only.
Operator manpower requiremenfs for SINCGARS could
not be quantified for this analysis because of the
number of possible operational configurations for
the system.

Allowances and constraints for estimating manpower
from the Army Manpower Authorization Criteria
(MACRIT) process, contained in Army Regulation
570-2, were incorporated into the analysis.

The capacity factor of the basic MACRIT eguation
was modified to provide a more realistic amount ot
time availabe for operators and maintainers in the
field.

Personnel rates were not available for Automatic
Test Equipment Repairer, MOS 35C, as a result of
being a new MOS. Since it appeared that Fixed
Cryptographic Equipment Repairer, MOS 32G, would
have a similar career path, rates for MOS 32G were
used to calculate annual recruits and to represent
a personnel structure for MOS 35C. MOS 32G has
the same 1low population density as 35C and
provides a career path with a similar formal

school training plan.

Army Enlisted Master File (EMF) data proved to be
unavailable, However, processed data from the
Defense Manpower Data Center (DMDC) turned out to
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l o be as wuseful for the PRA. The analysis was
affected positively as the DMDC processed data
. was in a more usable form than the EMY data.
Training
) . o Training associated with the operational test and

4
E evaluation of the proposed system and training

associated with the initial fielding of the system
(e.g., new equipment training) were not estimated.

R

e ]

(o} All existing training used for training estimation
for the proposed system was assumed to be
adequately meeting existing system performance

- requirements.
o] Training resources to support supervised on-the-
L job training (SOJT), collective training, advanced
B technical training, and training other than for
3 entry level institutional training was not
ﬁ identitfied.
n (o} MOS's chosen for operator analysis were assumed to
; operate the following SINCGARS radio
1 configurations:
r MOS SINCGARS CONFIGURATION
= 11B V1 Manpack and V5 Vehicular Long
: Range
. 13E V6 Vehicular Short Range
"
i Dismountable and Long Range
19E V5 Vehicular Long Range
L
~ 11
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o It was assumed that the automatic test eguipment
(ATE) AN/MSM-105 will only be available at the
Specialized Repair Activity (SRA).

o All Army systems identified for comparison
purposés did not include built-in-test (BIT)
capabilities. It was estimated from comparison of
CE and ITT alternatives that approximately 40% of
the training in troubleshooting could be
eliminated from existing training by using BIT and
the proposed diagnostic test equipment. (See
Table 3.5=6.)

1.6 CONCLUSIONS AND RECOMMENDATIONS

Based on the analysis conducted thus far, neither proposed
system design can be recommended. The choice facing a
decision maker is between the two alternatives. CE had more
information available predicting significant performance
improvements, but hence has more risk if the improvements
cannot be demonstrated; the ITT alternative had less infor-
mation available, was thus evaluated more conservatively,
hence, reflects fewer new capabilities but also at 1low
risk. Between these two alternatives DRC cannot recommend a
clear winner, Initial MPT resource projections could be
improved and validated through the iterative process
embedded in the HARDMAN methodology. Updated descriptive
design information at a greater level of detail plus any
DT/0OT test results data would ensure a more thorough
evaluation of the two proposed alternatives.
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The results of the application do, however, demonstrate the
consistent human resource cost sensitivity of engineering
design improvements across the two SINCGARS alternatives.
This sensitivity is illustrated in annual recruit require-

ments and training costs.

Further, DRC estimates affecting the results such as
equipment populations, mission scenarios and reference
system selections should be officially reviewed for accuracy
by knowledgeable Army authorities, Modifications resulting
from such estimates should form the basis of additional
trade-off analyses. The results, additionally, provide the
Project Manager with the capability to focus attention on
SINCGARS components which contain technological risks and
significantly impact " MPT resources, These critical
components should be looked at carefully during.operational
testing for realistic pérformance verification.

As this report 1illustrates, the HARDMAN methodology can
provide a wealth of timely information to those concerned
with system development and acquisition. This is true
despite problems encountered in obtaining the basic data
required for various HARDMAN analyses. The Impact Analysis
section explains in more detail the problems encountered by
DRC analysts who, due to non-accessability to the data, were
unable to complete portions of the application., In these
cases, the procedure to be applied is explained in Section
3. Nevertheless, the SINCGARS application of HARDMAN
demonstrates the versatility and utility of the methodology
in support of the Weapon Systems Acquisition Process.
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SECTION 2 ~ ANALYSIS PLAN

2,1 PURPOSE OF THE SINCGARS STUDY

The application of ¢the Military Manpower vs. Hardware
Procurement (HARDMAN) methodology to the Single Channel
Ground-Airborne Radio System (SINCGARS) was to support
objectives of the U.S. Army Research Institute for the
Behavioral and Social Sciences (ARI) and the U.S. Army
Soldier Support Qenter (SSC). Among these objectives were
(1) to analyze the manpower, personnel and training (MPT)
implications of ¢two proposed SINCGARS designs as the
acquisition program nears the Milestone III review by the
Army System Acquisition Review Council (ASARC) and (2) to
continue analysis of the applicability and utility of the
HARDMAN methodology in providing supportability assessments
of Army weapon systems,

The SINCGARS system is an @alectronically tuned and
contreolled Very High Frequency - Frequency Modulated (VHF-
FM) radio system. The SINCGARS family of radios consists of
one manpack and six vehicular models, each a different
configuration of standard building block modules or
components., Two proposed designs were analyzed, one each

from the two contractors who were in competition for

SINCGARS full-scale development: Cincinnati Electronics
(CE) and 1International Telephone and Telegraph (ITT)
Aerospace/Optical Division. The scope of the study was

limited to the following:
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(1) All six steps of the HARDMAN methodology were
performed.

(2) All components of the receiver/transmitter (R/T) basic
unit and the following optional components were
analyzed:

Communications Security (COMSEC)

Electronics Counter - Countermeasures (ECCM) Unit
ECCM Fill Device

Digital Data Device

Securable Remote Control Unit (SRCU)
Intra-Vehicular Remote Control (IVRC) Unit

Net Control Unit (NCU)

(3) Only SINCGARS~-specific maintenance workload was

computed.

(4) Manpower requirements for the crew, organizational,
direct support and general support levels of

maintenance were determined.

2.2 DATA COLLECTION

The HARDMAN methodology has the capability to provide a
range of information on emerging system and other
supportability requirements which may provide valuable
information to program managers, system developers and
logistics planners. To fulfill the capability, however,
HARDMAN is necessarily data intensive. HARDMAN's validity is
based on its utilization of historical operator, maintainer
and other workload data on mature, fielded equipments.
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Therefore, any plan for a HARDMAN analysis must have
adequate data collection as its foundation.

There were two major concerns with respect to data
collection and wutilization in the SINCGARS study, both
driven, to a large extent, by data availability. The first
concern was timeliness. Despite the fact that the
individual analysis steps of HARDMAN can proceed indepen-
dently in the early stages of an application, they become
increasingly interdependént as time goes on. In most
situations, delays in dta collection actions pose the
greatest risk to the smooth progress of each analysis step
and ultimately, to the collective analysis. If the HARDMAN {
analysis were PERT-charted, the critical path would include

data collection tasks. !

The second concern was data adequacy. Of primary importance :
was the collection of adeguate data to support analysis
procedures and validate judgments during. the SINCGARS study.
Identifying data requirements early, therefore, became a
prime concern. Daté source, content and format, procurement
procedures and procurement time had to .be assessed. The
data were then requested through proper channels. The data
request was closely followed up until receipt. Whenever data
collection problems were anticipated, a second source of the
1

data was contacted or other types of data were considered.

Planning and coordinating the SINCGARS data collection was

the initial effort in the study. Data requirements were ]

first projected for each of the major analysis areas: 1
general program information, functional requirements,
equipment characteristics, manpower, personnel, and

training. Within these categories, there are standard .
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documents available for most acquisition programs. The
following are examples of the initial documents that were

obtained in support of the SINCGARS study:

L S |

o General/Functional Requirements
Required Operational Capability (ROC)

addd

Operational and Organizational (0&0) Plan
Acquisition Plan

o Equipment Characteristics
of system being replaced - operation and
maintenance manuals, historical workload data

Ay S P W A

p Of new system - preliminary hardware contractor -
k proposals and other documents

; o Manpower - Army Manpower Determination criteria
é (MACRIT) 4
" o Personrel - for relevant MOS B

Personnel Statistics

-l
o Training - for.relevant MOS 1
Programs of Instruction
Trainer's Guides ;
3
Soldier's Manuals
]
A more comprehensive list of required data evolved as the 1
SINCGARS analysis progressed. More detailed lists of data 1
. inputs and sources are included in discussions of specific A
5 analyses in Section 3. ]
} 3
k
’.v
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2.3 PROCEDURAL STEPS AND JUDGMENTS

The HARDMAN methodology consists of a series of procedural
steps and judgments that project the MPT requirements of an
emerging system. Judgments are made based upon historical
data gathered on comparable existing systems. As previously
discussed, data had to be available to support these
processes; indeed, the quality of the results was only as
good as the quality of input data. Additionally, whether a
process was merely a procedure or involved a judgment

depended upon the availability of data.

Procedural steps and judgments performed during the HARDMAN
application to SINCGARS included the following:

Procedural Steps Judgments

analyses of contractor best selection of existing

proposed designs equipment comparable to
SINCGARS for BCS

data manipulations projections of new system
characteristics

"data extrapolations
impact measurements impact assessments

The completeness of data collected determined whether a
process would be a procedural step or would require a
judgment, for example in the case of a data manipulation or
a data extrapolation. In the case of reference system
equipment selection, there was no procedural step to avoid
judgments required in selecting existing equipments to
compare functionally with projected SINCGARS., The impact

measurement procedural step involves a mere comparison of
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reference and contractor-projected system parameters,
whereas the impact assessment judgment reguires an estimate
of the impact of reference-to-proposed system design
differences of a particular system parameter. Since
SINCGARS judgments were less precise than data driven
procedural steps, analysts attempted to minimize the number
of judgments required and reduce the breadth of those
judgments which could not be eliminated. This effort
improved the precision of the overall analysis. Considering
the hard data vs. judgment question, judgment minimization
was accomplished by executing a well-organized data

collection plan.

2.4 SINCGARS ANALYSIS PLAN

Estimation of the MPT requirements for the two SINCGARS
proposed designs was planned in two phases, Phase 1
analyzed SINCGARS program requirements, developed the data
collection plan, determined SINCGARS functional require-
ments, analyzed the two contractor proposals with respect to
comparable existing systems, and determined manpower
requirements, Phase II determined personnel and training
requirements and conducted impact and tradeoff analyses.,

2.5 ANALYSIS OF THE RESULTS
The SINCGARS analysis specified plans for study result

content and format. The data had to support identifying MPT
requirements for the two proposed SINCGARS designs. Data
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had to provide the SINCGARS Program Manager, logistics
specialists and other analysts with the ability to appraise
the sensitivity of SINCGARS MPT requirements over a wide
variety of factors.

Due to the modular concept of the SINCGARS design and the
existence of seven unique manpack and vehicular configura-
tions, key engineering and manpower parameters were
organized into a matrix format. Mission profile/operating
scenarios (usage rates) and equipment populations were
factored into the two design proposals and integrated across
the seven SINCGARS cofigurations. These factors, and the
results they influenced, would then be able to be revised as
system parameters evolved or as tradeoffs were identified

and analyzed,

The restricted availability of data for each SINCGARS
alternative impacted the results of the study. The
"competition sensitive" nature of the two proposed systems
data constrained the depth and currency of the data
available for consideration in the analysis. For example,
the DT/OT test results for each alternative could not be
released by the SINCGARS Program Office. Additionally,
security requirements caused information on the KYV-4 VANDAL
COMSEC equipment to be unavailable for the analysis.,

Also of significance were the disparities between the
equipment coverage of the Logistic Support Analysis Records
(LSAR) received from the two contractors. These disparities
were a major contributor to the magnitude of the MPT
discrepancies between the two proposed designs and hindered
comparability analyses of many sub-systems.
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The mission scenario and equipment population input data
used for each of the seven SINCGARS configurations could

also measurably affect the analysis results. These
parameters were analyzed independently by DRC and, there-
fore, generated MPT results which may differ from an Army
approved alternative. Other assumptions made, such as the
individual manpower capacity factor, may affect the results
similarly. In summary, when assessing the accuracy of the
SINCGARS analysis results, the data quality upon which the
analyses were dependent must be carefully weighed.
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SECTION 3 - ANALYSIS PROCEDURES AND RESULTS

3.1 FUNCTIONAL REQUIREMENTS ANALYSIS

!] ‘ 3.1.1 General

Functional Requirements Analysis determines the range (what)
and depth (to what extent/or how well) of all of the
- functions that the system is required to perform on the
‘ battlefield. It is necessary to do this analysis because
typically this information is not specified for a new or
emerging system. In this application the Required
Operational Capability (ROC) and the Operational and
Organizational (0&0) plan documents were available for
S INCGARS. These were used as the starting point for this

analysis.

. The SINCGARS functional requirements analysis was
accomplished in four steps:

u 19 The mission requirements of SINCGARS were defined. A
- mission, stated in or derived from program initiation
documents, is a primary function or activity which the

system is required to perform.

K, 2. System operating functions necessary to meet these
missions were delineated next. These were analyzed in the
context of conditions likely to be present on the battle-
field and the performance desired. Performance standards
relating to particular functions were defined by program
initiation documents as measures of performance

........
o S TS
.........
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capabilities. System functional requirements, i.e.,
inheren: characteristics of the system or those dictated by
its presence on the battlefield were thus defined.

3. The functional requirements were allocated for
performance by humans, generic equipment information, or a
combination. The SINCGARS functional requirements analysis
- was the first analysis conducted using the DRC-developed
System Descriptién Technology (SDT), which facilitates this
process.

v
e
v

i
.

e
R

rry

3 4, A generic task taxonamy, or list, was developed based
on the assignment of functions to humans and generic
equipment. The result was a canplete list of human tasks.

3.1.2 Data Inputs and Sources

LT RS Ao caas o
o° %

The data required to support this analysis are of three
types:

e Requirements Documents: These are doctrinal and
program-specific documents which discuss or establish the
mission need for the system and specify the functions that
have been identified for the system. The source for these
is the program of fice.

TR

‘.1
S

gl 2. Funct ional Description Documents: These are documents
which describe existing or proposed equipment and the use of
this equipment. These include Technical Manuals, Field
R Manuals, and contractor developed system descriptions. These
documents are useful in providing detail to the proposed
system description 1in the requirements documents. The
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sources for these include the program office, TRADOC
libraries and schools, and other services.

3. Task Description Documents: These are used to develop
the generic task taxonomy for the system. These documents
include Trainer's Guides and LSAR documents for the proposed
systems. A complete source list can be found by component
in Appendix A,

3.1.3 ‘Analytic Procedures
Mission Requirements

The requirements documents for the SINCGARS system,
additional mission analysis documents, and recent articles
and publications which identify the enemy threat and define
future Army doctrine were reviewed. The contents of these
documents were then summarized. The purpose of this process
was to define the activities and events which the SINCGARS
system must perform on the battlefield. This information
provided the focus for the functional requirements analysis.,

Functions and Performance Standards

The requirements documents were again examined to develop a
list of supporting functions the SINCGARS system must
perform to accomplish each of its missions. This initial
list was augmented with functional descriptions ot equipment
and systems,
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The requirements documents also provided the performance
standards for the SINCGARS system.
four broad categories.

Thes= were grouped under

1. Range

2. Volume of Information
3. Survivability

4, Availability

Range measures specified the distances communications must
travel; volume measures affect the amounts of different
information the system can accanmodate at any given point in
survivability measures specify the requirements for
and availability measures

time;
system performance conditions;
affect the number of different SINCGARS systems available
and the length of time SINCGARS will be available on the
battlefield.

All functions and performance reguirements which are
identified for the system are the basis for generating a
generic equipment list which will aid in the identification
of the specific baseline comparison egquipment. The generic
the possible types of egquipment
requirements (e.g..,

inter-

equipment 1list contains
which may satisfy the
receiver/transmitter),

functional
This selection process is
active with the engineering analysis. From the generic
equipment 1list, a generic task 1list is developed. The
development of the generic equipment and task lists is the
fi-st step in performing a functional allocation and defines
the overall structure of the functions, equipment and people
which make up the system. This structure provides a common
point of departure for the engineering, manpower, personnel,

and training analyzis, and can be used to make quality
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control checks during these subsequent steps in the
analysis.

Funct ional Requirements

Once the system functions, system performance standards, and
equipment which comprise the SINCGARS were identified, these
were documented as functional regquirements for the system.
This was done for SINCGARS by relating the following
categories of information.

1. Function -~ The system activity necessary to
accomplish the mission.

2, Measure - The unit of measure for assessing system
activity.

3. Improvement - The change in the measure e.g.,

increase, reduce.

4, Performance Standard - The degree or objective of
the change in measure,

5. Funct ional Assignment - The system element
(equipment and/or people) which performs the
function.

Generic Task Taxonomy

The functional requirements documentation along with the
task description documents were used to develop a generic
task taxonamy. The objective of the taxonamy is to provide
a starting point for development of task descriptions in the
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reference and proposed system. It serves a vital purpose
for workload aggregation during the manpower analysis and
for subsequent training requirements analysis. This starting
point facilitates task comparisons between reference and
proposed systems, and provides continuity between the
manpower and training task analyses, permits the rapid
recovery of task and equipment information from the data
base, and facilitates the analysis of design impacts on

manpower and training requirements.

3.1.4 Results
Mission Requirements

SINCGARS mission requirements were defined in response to
the anticipated characteristics of the enemy and the new
tactical strategies required to overcome this threat on the

battlefield,

Air/land battle tactics have been under intensive evaluation
and extensive modification over the past decade. The results
of this process were a series of studies and documents which
defined the battlefield tactical requirements for overcoming
this threat. These documents and studies include The
Battlefield Development Plan (BDP), the Division 86 studies,
and most recently the Air Land Battle 2000.

The battlefield task of the SINCGARS is communications. The
SINCGARS will convey the information which feeds the
tactical decision making and planning process and the
information which results in the implementation of the
tactical plan on the battlefield. Without the effectiveness
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of SINCGARS, command and ¢ont ! of the battlefield cannot
be accomplished. SINCGARS wi.l perform this mission in a
broad diversity of weapon and camnmand and control systems.
It must also be capable of accepting a broad spectrum of
information formats to include the spoken word and digital
inputs of different types such as teletype and facsimile.

SINCGARS Performance Standards for the measures of system
performance are contained in the SINCGARS Organizational and
Operational (0&0) Concept and the required Operational
Capability (ROC). These measures and standards have been
listed under the four broad categories of (1) Range, (2)
Volume of Information, (3) Survivability and (4)
Availability.

SINCGARS Generic Equipment List

The SINCGARS Generic Equipment List is divided into three
sections. Table 3.1-1 lists the seven (7) configurations
which are included in the SINCGARS. Table 3.1-2 lists the
common components which are arranged in dif ferent
combinations for each configuration and Table 3.1-3 1lists
the optional components which may be added to a configur-
ation based on the mission requirements and condition
present in a specific operational environment. The number |
column in these two tables contain the Egquipment l
Configuration Identification Codes which were assigned to ‘
each component during the equipment analysis., Table 3.1-4

shows which common components are assigned to the basic

receiver/ transmitter (R/T) unit in each of the seven (7) i

configurations.
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Table 3.1-1 SINCGARS Configurations
|
NUMBER EQUIPMENT f
1 CONFIGURATIONS V1-V7
el V1l MANPACK
1.2 V2 VEHICULAR SHORT RANGE RADIO
!
1.3 V3 VEHICULAR SHORT RANGE/MANPACK i
1.4 V4 VEHICULAR SHORT RANGE & LONG RANGE .
[
184S VS5 VEHICULAR LONG RANGE RADIO 1
[,
1.6 V6 VEHICULAR SR DISMOUNTABLE AND LR ;
, §
]
1.7 V7 DUAL LONG RANGE
]
f
i
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Table 3.1-2 SINCGARS Common Components
SINCGARS GENERIC EQUIPMENT
NUMBER EQUIPNENT
2.1 RECEIVER TRANSMITTER
2.1.1 R/T CONTROL & DISPLAY PANEL
2.1.2 SYNTHESIZER
2.1.3 TUNER MIXER
2.1.4 RF AMPLIFIER
2.1.5 AUDIO AMPLIFIER
2.1.6 SQUELCH CIRCUIT
2.1.7 DETECTOR/DEMODULATOR
2.1.8 MODULATOR
2.1.9 POWER SUPPLY
2.1.10 IF AMPLIFIER
2.1.11 MEMORY ¢
2.1.12 ANTENNA COUPLER
2.2 ANTENNA
2.2.1 ANTENNA WHIP
2.2.2 ANTENNA VEHICULAR
2.3 MOUNTING SUBSYSTEMS
2.3.1 VEHICULAR APPLIQUE
2.3.1.1 MOUNTS
232 INTERCONNECTING CABLES
2.3.2 MANPACK APPLIQUE
2.3.2.1 BACKPACK
2.3.2.2 BATTERY
2.4 RF POWER AMPLIFIER
2558 HEADSET/HANDSET
31
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1: Table 3.1-3 SINCGARS Optional Components

»-::':
e
b NUMBER EQUIPMENT
! iy ECCM UNIT

L a4

v Ei i aiithd
AR A
e,

3.2 REMOTE FILL DEVICE

3.3 DICITAL DATA DEVICE

A
3

{

i 3.4 SECURATLE REMOTE CONTROL UNIT (SRCU)
L @

2

o 3.4.1 SRCU CONTROL & DISPLAY PANEL

-~ 3.4.2 BATTERY

»

3.9 INTRA-VEHICULAR REMOTE CONTROL (IVRCWU!)

3.5.1 IVRCU CONTROL & DISPLAY PANEL

3.6 NET CONTROL UNIT (NCU)

3.46.1 NCU CONTROL & DISPLAY PANEL

S 3.7 COMSEC UNIT

7.1 COMSEC CONTROL & DISPLAY PANEL
3.7.2 COMSEC FILL DEVICE

e 32
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SINCGARS Funct ional Requirements

Table 3.1-5 1lists the functions performed by the men and
equipment in the system and relates these to the measures of
system performance, the standard for the measure, and shows
the uassignment of function to generic equipment or people.
The functioning of the system is divided into the categories
of "Operate SINCGARS" and "Be Supportable®. The emphasis is
placed on system operation because the support requirements
for the system follow from the operation of the system. By
summarizing the relationship between functions, equipment,
and people, it establishes a common organization for these
system elements which assists in the subsequent analyses.
The standard column on this table refers to the specific
standard for the measure which is listed in Table 3.1-6.

The SINCGARS functions are listed to the fourth level of
indenture. The horizontal lines on the table separate the
first, second and third levels of indenture. At the third
level of indenture, generic and optional components from the
generic equipment 1list are designated and system operators
are indicated in the equipment task assignment column of the
worksheet, by the entry "people", if humans are needed to
perform the function. At the fourth level of indenture, for
canmon and optional camponents other than control heads and
panels, functions are assigned to subcomponents or at the
card level.

For control heads and panels, functions are 1listed and
assigned to the generic control at the third 1level of
indenture. Function and sub-camponent assignment at this
level does not match a single proposed system as the final
assignment at this level is a function of the design for a
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specific. system. This same principle applies to the
assignment of functions to system operator controls.

SINCGARS Generic Tasks

Table 3.1-7 contains the generic task list for the SINCGARS
system. It contains the tasks SINCGARS operators and
maintainers will perform during a camplete operational cycle
of a specific configuration. "Operate SINCGARS", and the
action verbs which will be assigned to identify the
maintenance actions performed by system maintainers,
"Maintain SINCGARS", correlate with the functions identified
in the functional hierarchy. However, they are not
identical. This difference is a result of the emphasis and
purpose of functional requirements and the generic task
list. The primary purpose of functional requirements is to
allocate functions equipment and people while the primary
purpose of the generic task list is to identify the human
tasks required to be performed to operate and maintain the
system to specifications,

For operators three general types of tasks occur., Figure
3.1-1 displays these generic operator tasks.

1. Tasks which involve preparing the configuration
for operation and removing the configuration from

operation. (1.1 and 1.3)

2, Tasks involving communicating within the
conf iguration (1.2)

3. Tasks involving the maintaining of the system (2).
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Table 3.1-7

SINCGARS GENERIC TASK LIST

Operate SINCGARS

Prepare for Operation

Change Mission Profile

Install Vehicular Configuration
Assemble/Disassemble Configuration
Install/Remove Components

Perform Preoperational Inspection

Initialize Configurations/Component

Communicate

Send and Receive a Message
Operate Configurations/Components
Establish and Control Radio Net

Operate Radio Net
Remove from Operation
Shutdown Configurations/Component

Perform Post Operational Checks

Maintain SINCGARS

Perform Preventive Maintenance

Inspect

Test

Service |
43
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Table 3.1-7 (Continued)

2.2 Perform Corrective Maintenance
2.2.1 Inspect |
2.2.2 Test

2.2.3 Adjust |
2.2 4 Align

2.2.5 Fault Isolate
2.2.6 Remove and Replace
25207 Repair

2.2.8 Overhaul
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Preparing a system for, and removing a system from operation
involves the disassembly and assembly of configurations by
removing and replacing components from configurations (1l.1),
inspecting components for proper condition, insuring proper
system operation (1l.1.2), and initializing the system by
establishing the operating parameters (frequency, ECCM, and
COMSEC codes), (l.1.3).

Communicating, wusing a specific configuration, involves
performing the duties of a net controller and a radio
operator (1.2.2). The radio operator may communicate in or
out of a radio net. These differences in operational
requirements and conditions results in the need for these
different operator sets of behaviors during task
performance. Maintenance tasks are of three general types;
system isolation and removal, preventative maintenance and
corrective maintenance. Preventative maintenance |is
scheduled and required at periodic intervals, this type of
maintenance tends to overlap for operators with the tasks of
preparing a system for operation and taking a system out of
operation., Corrective maintenance tasks which are performed
when the system is operating improperly. The action verbs
used to describe both types of maintenance overlap have
little meaning until they are assigned to specific equipment
and a level of maintenance. For the SINCGARS these
assignments were made on the LSAR., These assignments are
examined during training analysis. The generic task list,
combined with functional requirements, provides the general
framework for structuring the function, equipment and task
data, which was used or developed in the subsequent steps of
the SINCGARS analysis.
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3.2 ENGINEERING ANALYSIS
3.2.1 General

Engineering analysis is the bridge between knowing what the
system must do (functional requirements) and what equipment
configurations can do to it. The outputs are key elements
of the HARDMAN application: the reference, or Baseline
Comparison System (BCS), and the proposed system designs.
All other HARDMAN analyses are dependent upon these design

conf igurations.

All reference and proposed system configurations must meet
or nearly meet the functional requirements determined in
Section 3.1, While the reference system will perform all
basic functions of the new system, it may not meet all the
performance standards required of the new system. If it
did, there probably would be no need for the new system.
The reference system is used for camparability analysis only
and is not intended to be considered an integrated system in
itself.

The SINCGARS predecessor systems, i.e., the radio systems it
will replace in the field, are the AN/PRC-77 and AN/VRC-12
series Tradio systems. Information on the predecessor
systems contributed to the functional requirements analysis
and the generic task identification as described in Section
3.1, While a predecessor system could contribute many of
the sub-systems to the reference system configuration, this
was not the case with SINCGARS. First, the AN/PRC-77 and
AN/VRC-12 predecessor designs were not as technologically
advanced as other candidate reference subsystems. Secondly,
historical workload data (operation time, maintenance, etc.)
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and/or workload parameters (reliability, maintainability,
etc.) were not sufficiently available to support an analysis
of the requirements for the projected SINCGARS designs. The
reference system selection process is discussed further in
section 3.2.3 and as it was applied to specific SINCGARS

subsystems in section 3.2.4.

The status of the SINCGARS acquisition program meant that
considerable design, descriptive, and workload data were
available from the two SINCGARS contractors, Cincinnati
Electronics and ITT. These data established the two
proposed system configurations. The contractor-generated
workload data facilitated the determination of proposed
system MPT requirements.

3.2.2 Data Inputs & Sources

No one data source contains all the information needed to
determine workload for the reference and proposed systems.
It is for this reason several documents may be required to
determine workload for must one sub-system. These documents
may duplicate data information which may or may not be
conflicting. All data 1is reviewed for accuracy and
completeness and judgments must be made when values seem
inadequate. Table 3.2-1 is an example of data sources

available.

Other documentation listed on Table 3.2-1 will provide a
means to match the functions of the proposed system
equipment to candidate reference system equipment.
Documents contain operation, maintenance and technological
makeup of individual equipment structures. These documents
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Table 3.2-1

R/M Sources

Design Description Sources
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are used throughout the study to complete the other steps of
the HARDMAN methodology. '

3.2.3 Analytic Procedures

The primary goals of the SINCGARS engineeriny analysis were
to analyze, define, and determine the impacts of proposed
SINCGARS design alternatives and to support subseguent
manpower, personnel and training (MPT) analyses. These
goals were achieved through three major tasks:

)i Define a SINCGARS reference system of mature eguipments

and subsystems.,
2. Define the two proposed systems.

3. Identify and gquantify the impacts of reference-to-
proposed system improvements and design differences.

Reference System Selection

The reference system 1is designed to approximate the
functional requirements for a projected system. The
reference system is a composite of systems and subsystems.
If available, the predecessor system may form the source for
selection of many of the reference sub-systems/equipments.
Supplemental equipments are included in the reference system
to overcome functional deficiencies of the predecessor.

The reference system is not intended to be a tully

integrated design but rather as an analytic tool in
comparability analysis. In this sense it satisfies the
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requirement for a Baseline Comparison System (BCS) as

stipulated in MIL-STD-1388-A, Logistic Support Analysis.

For the SINCGARS study, the criteria for selecting reference
system equipments were the following:
required

(l) Selected meet

functions and

equipment had to system

approach required system performance

levels.

(2) Selected equipment had to have available mature
reliability/maintainability (R/M), workload and other
data.

(3) Where design information for the proposed system
existed, the technology of the selected reference

equipment was to be as close as possible to that of the
proposed design.

The third criterion was particularly important in the study
of SINCGARS due to the advanced stage of the contractor
designs. For both contractors, descriptions of the designs

were available for the majority of proposed SINCGARS sub-

systems,

The reference system selected met all of the SINCGARS
functional requirements, reflected mature, existing
technology, and had verifiable reliability/maintainability

and workload data available for analysis. A detailed

discussion of reference equipment selections is included in
Section 3.2.4.
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Determination of Proposed Systems

The next step of the engineering analysis focused on the
development of the two SINCGARS proposed systems, The
proposed system is defined as the best estimate of new
system design, incorporating modified or improved design
features, technological advances, new operating and support
concepts and changes to other system elements. As with the
reference system, each proposed system must fulfill all
functional requirements., Unlike the reference system,
however, the proposed systems are expected to meet all
standards with respect to system performance criteria. An
acquisition program with multiple proposed systems, such as
SINCGARS, reflects a variety of potential design solutions

that can be analyzed concurrently.

Considerable SINCGARS contractor design data were available
for analysis. The data were first evaluated for weapon

system mission fulfillment. One of the following two
situations applied to the contractor - proposed designs:

(a) A proposed system camponent met a SINCGARS functional
requirement and directly corresponded to a reference
system camponent, or

(b) The proposed system did not fulfill all SINCGARS
functional requirements and for that reason, was

incaomplete.

In the first situation, contractor camponents were auto-

matically included in the respective proposed system
configuration, This was the case for all but two of the
equipments in each of the contractor - proposed designs. 1In
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the second situation, eguipment assigned to perform some
functional requirements was missing and additions to the
proposed system had to be generated. The two components for
which this was required were the communications security
(COMSEC) unit and the Securable Remote Control Unit (SRCU).

The proposed systems for both the Cincinnati Electronics and
ITT configurations are discussed in greater detail in
section 3.2.4. Next, the Design Difference Index, a
detailed list of reference-to-proposed system design
differences, needed to be generated for subsequent analysis
of design impacts on system workload. The analysis
worksheet for this procedure is termed the Design Difference
Index (DDI). Table 3.2-2 illustrates the DDI data sheet
format. Delineation of all reference-to-proposed design

differences was conducted in one of two ways:

(a) If a proposed system eguipment design description was
available, potential design improvement areas and new
technologies were determined from an examination of the
contractor's description.

(b) If a proposed system equipment design description was
not available, potential design improvements and new
technologies were analyzed and estimated by engineering
judgment.

The design differences of greatest concern were those with
potential workload impacts. Differences were related to the
areas of technology, reliability/maintainability, task
O allocation, operating and support concepts and operating
environment, For situation (b) above, two major sources of
information on potential design improvements and new

! 53
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technologies were used: system equipment-related literature
and documents, and interviews with subject matter experts.
An example of one expert was Mr, Walter T. Ayer of the
Harris Corporation who assisted with the engineering
analysis of the AN/PRC-117, and ECCM equipment similar to
SINCGARS. The information from all sources was used to
assist judgments made for design differences. All design
differences were cataloged on the DDI worksheets.,

Reference system workload data, reference-to-proposed design
differences and, when available, contractor-predicted
proposed system workload data were the bases for SINCGARS
proposed system workload estimates, Since by definition,
the proposed system lacked mature data, determining the
proposed system's workload parameters involved an estimate
based on engineering judgment rather than a calculation (as
with the reference system). Minimizing the errors of the
estimates was a major concern and was accomplished by
comparability analysis between the reference and proposed
systems, Impacts of each design difference on reference
system mature workload data were carefully assessed and
estimated. These estimated impacts were stated in terms of
changes in requirements for tasks, task times, task
frequencies, MOS/skill level requirements for tasks and task

assignments to maintenance levels.

The impacts of system design differences are described in
the "IMPACT" column of the Design Difference Index (DDI)
begun in the previous step. The impacts are quantified in
the "PV" (perturbation value) and qualified in the "REMARKS"
columns respectively.
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Reference system workload data were then modified to reflect |
the estimated impacts. SINCGARS MPT requirements were
projected from the modified data. As the proposed system
becomes defined during the course of the acguisition
process, refinements to proposed system estimates may be
performed by revising the initial assumptions made affecting
the analysis.

In those instances when the contractor proposed systen
designs were available, they facilitated selection of the

reference system eqguipments and generation of design

e difference information. When contractor proposed system
2 ‘ workload estimates were available, those estimates were
F. utilized to determine system MPT reguirements in place of
%_ modified reference system data. Accuracy of the proposed
E:‘ system MPT estimates was, therefore dependent upon the
L following three factors:

(1) Validity of reference system design and workload data.

'j' (2) Validity of the engineering judgments made during

comparability analysis in modifying reference system
data.

(3) Validity of contractor estimates of proposed system

workload.
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3.2.4 Results
General

Selections of reference system components were (reatly

facilitated by the availability of contractor design
E descriptions. The SINCGARS engineering analyst attempted to
. match the characteristics of candidate reference sysiems to
¥ those of the projected systems.

- Due to the availability of contractor proposed system design
descriptions, generation of the two proposed system egquip-
ment configurations was not so much an extrapolation from
the reference system as extraction from the contractor-
provided documznts, Of greatest challenge in the generation
of the two proposed systems was the Securable Remote Control
Unit (SRCU), which was not addressed by the contractor
i designs., Design differences between the reference and pro-
. posed systems were derived through an item by item

comparison.

Similarly, the impacts of design differences on SINCGARS
ﬂ system workload were for several subsystems, quantified and
| qualified by the contractor - predicted R/M data contained

in various Logistic Support Analysis Records (LSARs). For

subsystems not covered by the LSAR, estimates of workload
r. impacts were projected through comparability analysis.

Reference system supporting equipment was selected from
DoD/NATO inventory based on its ability to meet required
functional requirements. Table 3.2-3 lists the final refer-
ence system components selected associated with generic
equipment, Table 3.2-4 1list the number of units for
configurations 1-7,
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Reference System
5 Basic Unit
_I Receiver/Transmitter
-
; The receiver/transmitter (R/T) selected for the reference
D system was the AN/ARC-114. The selection of this major
; subsystem was the most important in the study. Its selec-
tion followed an examination of a variety of candidate R/Ts.
! Each candidate R/T had similarities to the proposed SINCGARS

R/Ts. The AN/PRC-77 and AN/VRC-12 were discarded due to
dated technology while the AN/PRC-68, AN/PRC-117, AN/PRC-
116, AN/VRC-84 and AN/ARC-164 were eliminated due to lack of
'Y usable R/M data. The AN/ARC-114 R/T was selected over the
AN/ARC-131 based upon its technological proximity to the
proposed SINCGARS R/Ts and the availability of historical
R/M data. The AN/ARC-114 |is a‘ state-of-the~art R/T unit
| utilizing large scale integration (LSI) in 1its network

circuits.

Additionally mature R/M data for the unit were available
from the Navy Maintenance Material Management (3-M) System
data base. The R/M values associated with the AN/ARC-114
were compiled from historical Navy aircraft maintenance
actions and were adequate to support a SINCGARS R/T
analysis. The 3-M data included induced as well as
inherent failures of the R/T. Preventive maintenance tasks
were derived from the PMCS and MAC charts contained in
AN/ARC-114 operator and maintainer technical manuals (TM's).
Finally, the assigqment of corrective maintenance workload

A~ ()

across maintenance levels was accomplished from MACRIT data.
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CU2051/VR
This

antenna
VHF

functions as the proposed systems.
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E-2
same

was taken from

performs

The workload for ITT was

included in the R/T unit although CE singled out the antenna

The

coupler.

rcference system used the CU 2041/VR for CM

workload and the PM was from the VRC-12 series radio.

Generic Equipment

Receiver/Transmitter
Whip Antenna
Vehicular Antenna
Antenna Coupler

RF Amplifier
Battery

ECCM

COMSEC

ECCM Fill Device
Digital Data Device
SRCU

IVRC

Net Control

TABLE 3.2-3
Reference System

Reference Equipment

AN/ARC-114
AT-892/PRC-25
AT-1095/VRC
CU2041/AR

AM6176 /URC
BA-4386/u
SN416()/APX-76
KY-57/TSEC
KYK-13/TSEC
CV2837/ARN 84 (V)
C-2328/GRA-39
C416(V) /AIC-22(V)
KYK=-15/TSEC
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Table 3.2-4

Basic Unit

B P B e o A A T s
- - - LA

Receiver/Transmitter 1 1 1 2
. Antenna Coupler 1
P Whip Antenna 1 1
r,a Vehicular Antenna 1 1 2
<
d Battery 1 1
F RF Amplifier 1
E' Optional
ECCM 0 0 0 0
b COMSEC 0 0 0 0
{4 ECCM FILL o o o0 o
:L. Digital Data Device 0 0 0 0
SRCU 0 0 0 0
- IVRC 0 0 0 0
o~
Q) Net Control 0 0 0 0
[
]
. 0 - 1 unit, optional

0(2) - 2 units, optional

.
L e
|
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°
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SINCGARS Reference System

1 2 2
1

1

1 2 2
1

1 1 2
0 0(2) 0(2)
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

i -
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Antenna

There were two antennas used in the study because of their
applications in two different uses. The AT-892/PRC-25 from
the AN/PRC-77 was used for descriptive data and both PM&CM
and R/M data.
the vehicular system,

This unit was used in the manpack system. In
the AS-1729/VRC was used also for the
same data. Both units are used with the predecessor and
will £fulfill wmost of the functional This
component will not drive the workload because other than the
potential for the antenna being broken off there is no other
CM workload.

requirements.

RF Amplifier

This unit was difficult to define because of the lack of R/M
data
the AM 6176/URC RF amplifier for the reference system. Both
it is the

on these units. It was for this reason that we chose

CM&PM were taken from this unit. Functionally,
same as the proposed system's although its technology is not

as advanced.

Batterx

BA-4386/U from the AN/PRC-77
was used because it was a fielded battery used in the same

The reference system battery,

environment and has the same functional requirements as the
proposed systems. The maintenance will be generally similar
to those of the proposed systems. The major difference will
be in the reliability but in this case reliability will be
life of the battery.
system batteries have shown improvement in the useful life

of the battery.

reflected in the useful Proposed
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Optional Units

Electronic Counter-Countermeasure (ECCM)

The synchronizer from the AN/APX-76 interrogator set was
chosen for the electronic counter-countermeasure (ECCM)
system, The selection of this sub-system was based on
similar circuitry to that required for frequency-hopping and
the availability of R/M data. Tuned digital pulses will
initiate and control each frequency hop. Although the
synchronizer in the AN/APX-76 interrogator is functionally
very different than the SINCGARS ECCM device, the circuits
in both systems are state-of-the-art and comprised of

similar components.

The R/M availability of the unit was a deciding factor for
choosing the AN/APX-76. Of all the synchronizers examined
the AN/APX-76 was the only system where R/M data was readily

available.

Communications Security (COMSEC)

Security considertions precluded DRC from obtaining data on
the KYV-4/TSEC (VANDAL), which is being developed under the
direction of the National Security Agency. 1In its place the
, KY-57/TSEC (VINSON) was selected as the SINCGARS reference
I system COMSEC device. VINSON as well as VANDAL will

°

T interface with the SINCGARS radios. Descriptive data for
operation and maintenance of VINSON was available in similar
sources such as Operator and Maintenance Technical Manuals.

P These manuals identified the preventive maintenance (PM)
workload. Corrective maintenance (CM) data wasn't available
and had to be borrowed from another device, the KY-28
encoder.

°
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- ECCM Fill Device

' The KYK-13/TSEC was chosen for the reference system based on
' its functional use. However, the inadequate workload data

had to be supplemented by data from the KY-57 MAC chart and
‘ KY-28. The proposed systems had vague descriptions of the
)] ECCM Fill Device operation and maintenance. The ITT LSA did
e not cover the ECCM Fill Device. LSA data were provided by
e Cincinatti Electronics.

Securable Remote Control Unit (SRCU)

The SRCU was not addressed by the two contractors so there
was no design information or workload data. The only
insight as to the purpose of the SRCU was the functional
requirements generated from the 0&0 plan, From this the
reference system was chosen. The C-2328/GRA-39 remote

control wunit was wused for descriptive and preventive
. maintenance data. For corrective maintenance data, analysts
- had to turn to the C4162(V) AIC-22(V) ICS control.

Intra-Vehicular Remote Control (IVRC)

The IVRC was chosen in the same way as the SRCU. The
descriptive data was found on the C4162(V) AIC-22(V) ICS
control, which was also used for IVRC workload data.

Net Control Unit

No directly comparable existing equipment was uncovered for
the Net Control Unit reference. Therefore, engineeriny
judgment was applied in deciding to chose the KYK-15/TSEC
and utilizing R/M data from the KYK-13/TSEC for the Net
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Control Unit, The KYK-15 partially met the functional
requirements that Cincinatti Electronics' net control had.
Those net control functions in the ITT design are integrated
into the ECCM module.

t Proposed Systems
8

:j Two contractors, Cincinnati FElectronics (CE) and Inter-
- national Telephone and Telegraph (ITT) Aerospace/ Optical

[ Division, are competitors as the SINCGARS hardware

JI designers. The two contractor designs differ significantly
in terms of equipment configuration, operability, and
maintainability. Equipment configurations for each

- contractor are shown on Table 3,2-5,

-

The CE and ITT design proposals which were available for
analysis substantially defined the two proposed system

S e

equipment configurations utilized during comparability
L'. analysis. Only the design of the Securable Remote Control
r Unit (SRCU) had to be projected based upon the reference
system AN/GRA-39 remote control unit and technological
improvements anticipated to be incorporated in the new
design. Development of the SRCU, while still an element of
the SINCGARS concept, has been delayed one year. For that
reason, contractor data on the SRCU was lacking.

O

v

As mentioned previously, development of the next generation

®

i communications security (COMSEC) equipment, the KYV-4
VANDAL, was not addressed. For the purposes of this study,
the existing KY-57 VINSON COMSEC was included in the

° reference and hoth proposed equipment configurations.

g

>:'\

®
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Table 3.2-5 PROPOSED SYSTEMS

Cincinnati Electronics

Basic Units

Receiver - Transmitter
Manpack Antenna Coupler
Manpack Whip Antenna
Vehicular Antenna
Manpack R/T Battery

Mounting Assembly (Single or Dual)

Interconnecting Box

Mounting Adapter
RF Amplifier

Optional Components
VINSON COMSEC

ECCM

ECCM Fill Device
Digital Data Device
SRCU

IVRC Control Assembly and Access

Control Box
Net Control Unit
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ITT

Manpack/Vehicular R/T

Manpack Whip Antenna
Vehicular Antenna
Manpack Battery, Dry
Mounting Base
(Single Vehicular or
Radio Dual)

Power Amplifier

VINSON COMSEC

ECCM Module
KYK-13/TSEC

Data Rate Adapter
Interconnecting Box,
Remote Control

IVRC Unit
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Cincinnati Electronics

(CE) SINCGARS design
(LSI) «circuitry and

A feature of the CE SINCGARS
design is the use of a sidehat design philosophy for the
SINCGARS optional units.

unit with all operator controls located its
Sidehat units slide onto the R/T or other sidehat units from

The Cincinnati Electronics employs

large scale integration advanced

microprocessing technology.

Each sidehat is a self-contained
on face.
the front and are secured with a single thumbscrew 1lock.
This allows for

changing operational missions and for manpack or vehicular

design philosophy rapid reconfiguration

adaptation. The sidehat approach positively affects system
supportability by minimizing system downtime and facilitates
repair at each maintenance level. Diagnostic capability has

been designed into the CE hardware with built-in test (BIT).

New Special Test Equipment (STE) will facilitate fault
isolation to the module level; modules are easily replaced
with their plug-in/pull-out design. Direct Support (D/S)

level maintenance will essentially require module remove and
replace actions, General Support (G/S) maintenance personnel
will isolate faults within modules and repair them by piece
part replacement.

The CE SINCGARS R/T is physically much smaller than its ITT

counterpart. All optional components are separate sidehat
units and are not inherent functions of the basic R/T
unit. Similarly, the antenna coupler, which matches

impedence to the manpack whip antenna, is a separate unit

into the back of the R/T.
dual
connecting boxes are used for one-

and plugs In the vehicular

and inter-

R/T models,

models, single or mounting assemblies

and two -

respecti ely.
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The CE ECCM unit is designed to provide orthogonal frequency
hopping which allows frequency hopping flexibility without

g n mutual inference within a force structure of many co-located
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hopping and non-hopping radios. Exact synchronization time
is automatically transferred via the radio net to permit

frequency hopping. ECCM and keying information can be
transferred electronically, using the ECCM Fill Unit, to |
individual radios or the complete net.

"‘:
:
Ko

B The Digital Data Device in the CE proposed design will
" permit tactical digital data transmission for a variety of

— uses such as facsimiles, terminal printers, and missile/gun

fire control coordination nets.

W A separate Net Control Unit (NCU) 1is unique to the CE
] SINCGARS proposed design. Rather than incorporate the net
; : control function into the R/T unit, an NCU was designed for
adapting R/T units for net control mode operation. The NCU
has a cable interface with the ECCM unit, ECCM fill device,
F l or the KOI-18/TSEC.

International Telephone and Telegraph (ITT)

- The ITT SINCGARS design, while using similarly advanced
b technology (LSI circuitry and microprocessing) took a course
different than CE, with respect to the configuration of
functional units. All add-on or optional functions were
designed to be incorporated within the basic R/T unit rather
than being designed as separate units as in the CE concept.
As a result, the ITT R/T is physically larger and operator
controls for all functions have been placed on its control

panel,
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Main functions, optional and required, are performed by
separate modules within the R/T unit. The manpack antenna
matching network is enclosed within all R/Ts and is bypassed
in vehicular configurations. The Data Rate Adapter module
and the ECCM module are inserted into R/Ts operating in the
digital communication and frequency hopping modes,
respectively. Both modules perform the same functions as in
the CE design. The ITT frequency hopping design is tolerant
to large discrepancies in time (+ 1 minute) between R/Ts
participating in the net. Initially, the time-of-day is
automatically set with the first net coordination trans-
missions and the oscillator used for frequency derivation
maintains synchronization. Up to 100 hours of radio net
inactivity can similarly be tolerated without re-
synchronization. Net control functions are also
accomplished by the ECCM module. Any radio set with the
ECCM module can function in the net control mode. Remote
control using either the Securable Remote Control Unit
(SRCU) or Intravehicular Remote Control Unit (IVRC) is also
inherent in the basic R/T design.

Only the COMSEC unit 1is external to the ITT R/T. An
interface is provided for VANDAL COMSEC by attaching the
unit to the R/T while the VINSON COMSEC is connected via
cabling. A single vehicular mounting base and mounting
adapter accommodates both one- and two- R/T SINCGARS models
in the ITT design. The modular design of the ITT/SINCGARS
contributes to its increased maintainability. Built-in Test
(BIT) features facilitate fault isolation to the module
level to permit rapid diagnosis and restoration ot

operations.
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Design Differences

In the SINCGARS study, there were two significant steps
required in the analysis of design differences (between the
baseline comparison, or reference, system and the proposed
systems). First was the identification of all design
differences, to the level of detail required by the study.
Generally, the detail of design difference identification
required increases as a system acquisition progresses.

Additionally, manpower and personnel requirements analyses
of a new system usually require the support of a less-
detailed analysis of design differences than required for a
training resource requirements analysis. For the study of
SINCGARS, equipments were compared and design differences
derived at the "black box" 1level (i.e., elements of the
basic R/T unit and all optional components).

The second step in design difference analysis was the most
judgment-intensive process through steps 1 and 2 of the
methodology: assessment of the impacts on MPT requirements
of each design difference. While identification of design
differences is fairly straightforward, assessment of their
impacts requires considerable research and thought, and
often, contact with subject matter experts. Due to the
advanced state of the SINCGARS development, and the con-
tractor data available as a result, SINCGARS design differ-
ence impact assessments were simplified, as explained below.

For the SINCGARS study, identification of design differences
was accomplished in one of two ways. For subsystem
described in the contractor proposals, merely a side-by-side
comparison with the reference subsystem was required to
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identify design differences. This was able to be
accomplished to varying degrees of detail, based upon the
depth of the contractor equipment descriptions and the
available sources of reference equipment descriptions., For
example, a wealth of data was available on the R/T reference
subsystem, the AN/ARC-114( )}, while very little data was
available on the ECCM unit reference subsystem, the SN416( )
/APX76( ) Electronic Synchronizer. Appendix A 1lists, on
Design Difference Index (DDI) sheets, all the design differ-
ences between reference equipments ‘and each of the two
contractor-proposed SINCGARS designs. Table 3.2-6
summarizes the data available for the design difference
analysis. Depth of analysis detail corresponded generally

with the reference equipment descriptive data available.

Table 3.2-6 also summarizes the assessments of design
difference impacts on workload. For SINCGARS, the two
contractors provided workload data on Logistic Support
Analysis Records (LSARSs) for many of the subsystems
involved. Where these data were available, they were
utilized with minor adjustments (to account for induced
failure rates), in the computation of manpower. Subsystems
for which this was the case are marked with a "C" in the
Workload Impact column of Table 3.2-6. A sample of the LSA-
02, Personnel and Skill Summary is provided in Table 3.2-7.

SINCGARS subsystems for which the contractor did not provide
R/M data or workload data required a careful estimate of
design difference impacts on reference system workload.
These subsystems are marked by a "P" in the Workload Impact
columns of Table 3.2-6., The DDI sheet for the Digital Data
Unit provides a good example, Table 3.2-8 Contractor
workload data was not provided for either of the proposed
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designs, therefore modified reterence system data was
utilized. The nature of the modification was based upon the
identified design differences. From Table 3.2-6, the
descriptive data available for the Digital Data Unit
reference component was relatively little, therefore, little
detail was achieved during design difference identification.
Nonetheless, as can be seen in the "Difference" column of
Table 3.2-8, some significant design differences were

derived.

The Impact section of the Design Difference Index, Table
3.2-8 1is the last three columns, The ."Impact" column
describes, generally, the impact on workload of the
identified design differences. For the Digital Data Unit,
both CE and ITT proposed system were projected to involve
increased corrective maintenance (CM). Additionally, for
ITT, some of the CM was expected to be shifted to a lower
maintenance level. The "PV", or perturbation value, column
quantifies the stated workload impact and the Remarks column
states how the PV factor is to be applied. Also qualitative
impacts on workload, such as a shift of maintenance level,
are explicitly stated in the "Remarks"” column. (Qualitative
impacts do not have PV column values), The modified
reference system Wworkload became the proposed system
workload which was then utilized in the subseguent manpower

analysis.
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3.3 MANPOWER REQUIREMENTS ANALYSIS

3.3.1 General

Manpower requirements analysis is concerned with the total
manpower (operator and maintainer) based upon the total
workload (operations and maintenance) for the system under
analysis. The SINCGARS analysis was different in that the
manpower was based solely on the maintenance workload
generated by the system. This was because SINCGARS, in most
cases, is a sub-system of a larger system used by a unit,
Because of this, SINCGARS operation 1is driven by the
communications requirement of the system or unit of which it
is a part. The specific operator manpower requirement by
MOS was different from unit to unit and was not practical to
determine in this analysis. The most logical approach was
to confine the analysis to the maintenance workload and the
operator and maintainer manpower it generates. The analysis
approach for manpower requirements determination involved
construction of general scenario, determination of the
maintenance workload and the operator and maintenance
manpower from the maintenance workload.

3.3.2 Data Inputs and Sources

To determine the manpower requirement for SINCGARS, various

information and data were required:

Contractor system descriptions
Functional requirements

o Maintenance MOS assigned by equipment and
maintenance level

o System Reliability and Maintainability Data
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o Productivity Allowance
o Criteria for the authorization of military

positions

The above information and data were provided by the

following:
o O & O Plan
o Preliminary Data Collection
o Engineering Analysis
o MOS/Grade Assignment
o AR 570-2

3.3.3 Analytical Procedures

System Scenario Analysis

Manpower requirements analysis for SINCGARS began with
determining the system distribution and usage. Determining
the system distribution was accamplished through the use of
the SINCGARS 0&0 Concept and substituting the existing
radios with their respective SINCGARS replacement
configurations. The results were the units and networks in
which SINCGARS would be utilized as well as number of the
respective SINCGARS configurations, This information is
important in deriving usage rates for SINCGARS and
determining workload and manpower requirements.

Because SINCGARS will be widely used, there was not a single
scenario based upon a single unit or network that will
accurately describe system usage. The scenario constructed
was a composite based upon the estimated operational hours
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for the units and/or networks in which the respective
configurations of SINCGARS would be used. Two scenarios
were prepared for each of the seven configurations and their
options. One scenario provided the peacetime usage for each
of the configurations and associated options, while the
second scenario was an estimate of wartime usage. The
outputs of scenario determination were used in workload

determination and manpower determination.

Workload Determination

Workload determination involved the calculation of the
maintenance workload for each SINCGARS configuration as well
as assigning this workload to the appropriate MOS(s) at the
appropriate maintenance levels. The first step in workload
determination was the identification of the system
maintenance tasks by component and maintenance level. Next
was the identification of the MOS(s) responsible for
maintenance at the respective maintenance levels. The final
step was the matching of maintenance tasks by equipment
{component) and maintenance level to the MOS(s) for that
level.

The second portion of workload determination was the
calculation of system workload by MOS, maintenance level and
SINCGARS sub-system. Note that the maintenance tasks which
produce the workload had already been aggregated by MOS and
maintenance level for each equipment subsystem during the
first portion of this process. The peacetime usage rates
from the system scenario process were combined with the
reliability and maintainability data for each component line
item to produce the system direct productive manhours. The

majority of these manhours (except manhours from maintenance
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allocation charts) were multiplied by an indirect productive
factor (from AR 570-2) to produce the total manhours
(workload) for each component in the system. These
aggregated manhours were totaled to produce by MOS the
workload associated with one of each of the camponents in
each of the respective SINCGARS configurations., This
process was repeated using the wartime usage rates. The
results of workload determination were wartime and peacetime
workload aggregated by MOS and maintenance level, These
results were used 1in the computation of the manpower
requirements (operator and maintainer) that were driven by

maintenance workload.
Manpower Determination

Manpower determination converted the operator and maintainer
maintenance workload to the actual number of each MOS
required. This determination is used as a modified MACRIT
process and began with the basic MACRIT equation (Figure
3.3-1) at a general level and with the specific data element
inputs required by AR 570-2, The modifications to MACRIT
were due to the data elements and not the basic equation.
There were two basic modifications to the input data
elements in developing manpower requirements for SINCGARS:

15 Assumptions were made concerning minimum essential
mission capabilities which allow derivation of
operator and maintainer workload.

2, An alternative value was developed for the

productive capacity data element for operators and
maintainers of SINCGARS.
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The assumptions concerning minimum mission capabilities were
identified and analyzed during workload determination. The
workload from that process had to be integrated with the
productivity allowance for maintenance allowed by MACRIT,
This allowance of 40 percent was added to specified
maintenance workload figures to produce the total workload

generated by the system.

The second modification involved developing an alternative
value for operators and maintainers respectively. MACRIT
presently uses Annual Productive Manhours which can vary
from 2500 to 3000 per individual, depending upon assumptions
about unit movement. (Unit movement is the deployment of
entire units, and is over and above the requirement for
tactical positioning, 1i.e., movements in response to
battlefield conditions). An annual period, however, can
encompass many different and unique environmments, each with
a different and unique workload and set of manpower
requirements. The mission requirement of SINCGARS 1is to
provide communication capability for its organic unit. Many
of the units or systems to which SINCGARS are assigned are
required to operate until the Nth day of battle. Many
reference sources regard this period as varying from three
to ten days. Therefore, a seven day period was selected.
This enabled a standard workweek to be <calculated,
consisting of the elements shown in Table 3.3-l.

The workweek and associated values were developed using
MACRIT as a guide. The nonproductive hours associated with
sleeping, messing and personal needs were factored out of
time available for work. This decision was consistent with
MACRIT in that time for sleep, mess and personal needs was
not considered as time available for work. Although unit

80

P WY - . o . e .
T BT ST WU SR S, Pt S S O . I S IR

. B A S PR KR S e B Gt i o 2

TEETEYWY




)|

B B GBS et Qi GRS SE s Sk Sl o g0 o ee o Ciiag ™ Py
Y C T e T T -y G - S e Bt e s A e e T T T T e Y T e T TR T T - — ——

Table 3

L i o o L i e e b L S B S

.3-1 Standard Workweek Calculation

Analysis ol Available Hours

Total Hours Available Weekly (24x7)

Minus: Sleep ((8x7)
Mess ((2x7)
Personal Needs ((2x7)

Productive Ca

Operators (Cr

pability

ew): Available Hours
No Allowances

Productive Capacity per Week

Non-Operator:
Minus:

Available Hours
Movement Allowance

Productive Capacity per Week
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168
56
14
14

84

84.

84.

84.

00

00

00

2L,

63.

00
0o
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movement which included tactical deployment was considered
as ‘a percent (from MACRIT) of the 84 hour workweek, it was
examined to ensure the correctness of this percentage 1in
SINCGARS, Because no assumption was provided as to the
tactical movement of maintenance personnel, the percentage
method was suitable. Regarding the system operator,
however, the actual time required to performm tactical
movement would probably be significantly less than allowed
for by the MACRIT percentage. To resolve this problem, the
time associated with performing this movement was classified
as workload and not a percentage allowance. The end result
was 84 and 63 hours of productive time per week for
operators and maintainers respectively. Determining
manpower requirements at this point required the placing of
the data elements in the MACRIT equation for each
configuration and performing the necessary calculations.

3.3.4 Results

The results associated with SINCGARS Manpower Requirements
Analysis were divided into two categories, Mission Profiles
and SINCGARS Manpower Requirements. General information of
interest to the reader is included.

General Information
General information for SINCGARS included the miscellanecus

scenario information not contained 1in scenario sheets
(Tables 3.3-2, 3.3-3) as well as the composition of the

Heavy Divisions (Table 3.3-4).

82

B T T Sl S S s wes ae C




e ————— T~ — ey
. W w  g————

R i S Sl Bos o S Do o D SN —

B Tl " hWLWw

B R S i i i Gt G e s s

Table 3.3-2

RS s s

SINCGARS OPERATIONAL SCENARIOS

Workload Dependencies:

(1)
(2)

(3)

Hours - 8760 per year

Manpack Operating Hours (MOH)

- Varies with

system sub-unit and configuration
Vehicular Operating Hours (VOH) - Varies with
system sub-unit and configuration

SINCGARS Configurations:

(1)
(2)
(3)
(4)

(31}
(6)

(7

Vvl - AN/PRC - () (V1)
V2 = AN/VRC = () (V)
V3 - AN/GRC = ( ) (V3)
Dismountable Radio
V4 - AN/VRC = ( ) (V4)
Long Range Radio
VS =« AN/VRC = ( )
Ve - AN/GRC - ( )

(VS)
(Ve6)

Manpack Radio

Vehicular
Vehicular

Vehicular

Vehicular
Vehicular

Short Range Radio
Short Range

Short Range and

Long Range Radio
Short Range

Dismountable and Long Range Radio

V7 - AN/VRC - ()

Radio

Unit Population:

(1)
(2)

Army - Wide
Heavy Division
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Table 3.3-4

HEAVY DIVISION COMPOSITION

B e S
DA

i

\

D )

v -
4

TOE NUMBER NAME QUANTITY
07-246S700 HHC, INF BN 5
07-247S700 RIFLE CO 20
07-248S5600 ANTI-ARMOR CO 5
57-257S600 CBT SPT AVN CO 1
17-236S600 HHC TANK BN M1 5
17-237S600 TANK CO 20
17-202S600 HHT CBAA 1
17-206 5620 HHT, CAV SQDN 1
17-207S600 RECON TROOP 2
17-2485600 AERO RECON TROOP 2
17-186S600 HQ & SVC AHB 1
17-278S600 ATK HEL CO 3
19-217S600 MP CO 1
29-202S700 HHC SPT CMD 1
29-203S700 DIV MMC 1
29-2168700 HED BDE SPT BN 3
29-217S700 FWD SPT CO 3
29-218872 FWD MAAN CO 3
29-236S700 HQ & SPT CO, MAINT BN 1
29-2378700 LT MAINT & EVAC CO 1
29-238S700 HVY MAINT CO 1
09-257S700 MISSLE SPT CO 1
03-387S600 NBC CO ' 1
29-2065700 HHC S&T BN 1
29-207S700 S&S CO, S&T BN 3
55-287S700 TRANS MOTOR TRANS CO 1
11-036S600 HHC, SIG BN 1
11-437S600 COMMAND OPS CO ;!
11-438S600 FORWARD COMM CO |
11-4395600 SIG SUPPORT OPN CO 1
05-246S600 HHC ENGINEER BN 1
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TOE NUMBER

05-2475600
05-2488600
08-2C65800
08-207s800
08-2085800
44-2765600
44-2778600
44-2785600
06-302s€00
06-266S600
06-267S600
06-269S600
06-2965600
06-2973600
06-2985600
06-299S600
34-2665600
34-2675600
34-2685600
34-269S600
34-2738600
01-286S600
01-2875600
17-2045600
17-2428600

Table 3.3-4 (Con't.)

NAME
ENGINEER CO
BRIGADE CO RIBBON
HED MED BN
MEDICAL CO

MEDICAL SUPPORT CO
HHB ADA BN

ADA BATTERY, GUN/STINGER
ADA BATTERY, CHAP/STINGER
DIVARTY

HEB, FA BN, 155 MM

FA BTRY 155 MM SP

SVC BTRY 155 MM

HHB 8IN/MLRS BN

FA BTRY 8IN SP

FA BTRY GSRS

SVC BTRY 8IN/GSRS

HQ, HQ AND OPN CO, CEWI BN
EW CO

INTEL SURVL CO

SERVICE SPT CO

CBT EW/INTEL AVN

HHD CSAB

GSAC

HHC ARMORED DIV

HHC HEAVY DIV BDE

86
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Mission Profiles

Tables 3.3-5 through 3.3-11 depict the operational scenario
for each configuration of SINCGARS. The usage hours manpack
operating hours (MOH) and vehicular operating hours (VOH),
are in terms of hours per year. Because the determination
of manpower was based upon weekly availability on the part
of maintenance personnel these hours had to be converted.
Table 3.3-12 and 3.3-13 contain the weekly conversions for

peacetime and wartime respectively.

Manpower Requirements

Table 3.3-14 and 3.3-15 depict the peacetime and wartime
Army-wide manpower requirements based wupon maintenance

workload, while Tables 3.3-16 and 3.3-17 shown the peacetime
and wartime manpower requirements for a Heavy Division.
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3.4 PERSONNEL REQUIREMENTS ANALYSIS

i 3.4.1 General

i. The objective of the Personnel Requirements Analysis (PRA)

y ~ is to estimate the number of personnel needed to sustain any

y, one set of system specific manpower requirements, typically
those of a single Military Occupational Specialty (MOS).
This information is essential for evaluating the impact of

- an emerging system's demands on the Army's personnel

resources, taking into consideration the gquantity and
gquality of individuals available.

Figure 3.4-1 illustrates the 1logic upon which the Armmy

personnel system is based. The PRA must determine the size
: and structure of the personnel pipelines in steady state
y condition by estimating the losses that occur to a paygrade.
: The primary types of losses which occur to a paygrade are
i promotion and attrition. The promotion rate is the rate at
which an MOS advances from one paygrade cell to another.
The attrition rate is the rate at which individuals leave a
particular MOS/paygrade cell. Two types of attrition exist.
!’ There are individuals who attrite out of the Army (vertical
' attrition) and individuals who attrite from one MOS to

another (horizontal attrition). Personnel who are trainees,

transients, holdees or students (TTHS) are temporarily non-
’ active and are classified as overhead. Individuals that
fall into this category are not a direct loss to the Army or

sl paygrade (since they may become active again), but a
substantial 1loss to the operational force of that MOS/
paygrade, therefore they must be compensated for. The PRA's
primary output is the number of personnel which must be

. .
“ame,
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trained per year to support manpower requirements. Its
secondary output is a personnel structure.

It is important to note the difference between manpower and
personnel requirements. A manpower requirement is a
statement of the necessary numbers of people, described by
MOS and paygrade, needed to directly perform a specific set
of mission-oriented tasks for a particular weapon system. A
manpower requirement 1is calculated based on workload
required for the tasks., A personnel requirement is an
estimate of the number of people carried within the MOS and
paygrade to offset various Jlosses from the manpower
requirement over a specified period of time, During a
standard time period (one year) it is assumed that there are
no changes to a manpower requirement ("steady-state").

3.4.2 Data Inputs and Sources

The personnel flow rates for the SINCGARS application were
calculated by MOS/paygrade. The attrition and promotion
rates were calculated by tracking individuals across
successive quarters. Several variables affect the personnel
flow rates which account for different attrition and
promotion rates among MOSs and paygrades. For example, as
systems are presently being deployed or retired, manpower
requirements are changing for particular MOSs. If the
demand for an MOS decreases as a result of a system
retirement, promotion rates should decrease and attrition
rates should increase. An individual will either attrite
out of the Army or that MOS due to a lack of advancement
opportunity in their field. The opposite may occur when a
system is deployed, if a higher demand for a single MOS is

103

& . . oat 2 o . A A
! P T L ) = . . St e
P N TR T S8 Tl S S A Rt N L RN SRE TR W P W DB S PR IO N ) R e b ded et A S LB SN )

e G mh e et e e A aGe e b d - p ol § e gl e B pei ofs i o8 S gMEC gRa S Tabel o i i R Y T T T U e T s N e Tl




.............

S S T T T T T W W S oy weywesy

encountered. Promotion rates may increase and attrition
rates may decrease, Occasionally, when job splits occur, a
new MOS 1is either created or an o0ld MOS will pick up
additional required tasks. The demand for an MOS that is
assigned additional tasks may increase. Feeder MOS are
another situation where promotion rates may be low and
attrition rates high. An example of feeder MOS woula be MOS
318 of Figure 3.4-2.

As demand for particular MOS(s) are decreasing or
increasing, personnel policies will also change to meet
manpower regquirements, Reenlistment bonuses would be
offered in an MOS where the future demand is high and the
present supply is low. The standards of grade will also
alter the distribution of manpower in paygrades to allow
opportunity for career advancement,

Personnel rates may also be sorted by MOS/paygrade/mental
category vs. MOS/paygrade as was done for the SINCGARS
study.

The objective of sorting personnel flow rates by MOS/
paygrade/mental category is to observe the patterns among
groups of individuals with similar initial abilities and
experience. For example, the guestion would be raised
whether one group of mental category individuals are more
predictable than another. Would that group of individuals
have 1lower personnel attrition rates and reguire less
personnel to support manpower requirements than another
mental category group? The following paragraph explains how
individuals are classified into mental categories and how
this information can assist training analysts.
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‘. 105




ORI RAIN | RO R
nontle A R

Each individual entering the services is regquired to take
the Armed Services Vocational Aptitude Battery (ASVAB
8/9/10). Army Aptitude Area composite scores are composites
of ASVAB subtests and are used to categorize individuals
upon entrance into the Army. The Armed Forces Qualification
Test (AFQT) is used for selection into the Army; it is made

up of four tests: ~Word Knowledge, Paragraph Comprehension,

Arithmetic Reasoning, and Numerical Operation. The raw
scores are summed and converted to AFQT percentiles. The
percentiles are then categorized 1into AFQT categories

(commonly referred to as "mental categories") as follows:

Average Mental

Raw Scores AFQT % Categories Welchsler IQ
105-101 99-93% I 122 and above
100~-384 92~65% II 121-106

83-76 64~-50% IIIA 105.93

75-65 49-31% IIIB 92-81

64-38 30-10% Iv 80 and Below

The correlation between AFQT and individually administered
intelligence test (The Welchsler Adult Intelligence Scale)
is about .8.1 The correlation is significant enough to

-indicate that the two tests illustrate a clear commonality.

Tables 3.4-1 and 3.4~2 illustrate the numerical breakdown of
the selected SINCGARS MOSs by mental categories. Individuals
placed in MC IIIA know they scored in the 64-50% bracket or
scored higher than 49% of the population entering the
Services. The AFQT composite is used for service selection,

1 Analysis of Aptitude, Training and Job Performance
Measures (February 1982).
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Table 3.4-1

1 Il IIIA IIIB

IV

Ter.

P oo B Ron T s

: Inventory of SINCGARS Selected MOSs by Mental Categories

TOTAL

1,549 9,986 8,836 15,234
325 2,625 2,373 3,681
50 350 265 363

77 315 132 103
162 1,157 1,026 1,547
73 267 100 91

*kk*® New MOS %k dkdd
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21,773

5,6
4
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55
42
47
82
41
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Table 3.4-2
Iaventory Percentages of SINCGARS Selected MOSs by Mental Categories

1 I1I IIIA IIIB IV. TOTAL

11B 3% 17% 15% 27% 38%
19E 2 18 16 25 39
31E 3 24 18 25 30
31s 11 47 20 15 7
31v 3 22 19 29 28
326 13 47 ) 16 7
h 35C *kktd New MOS *hhwd
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while the Army aptitude area composite scores are used for
l an individual's placement into an MOS.

Analyzing these scores allows the pérsonnel analyst to

observe whether those placed have scored at the minimally
N " required level. If some individuals have not, the analyst may
well wonder about the effect on personnel flow rates. Are
attrition rates high as a result of present training
standards? Is advancement low and attrition high as a
o result of a soldier not knowing the job? Are training
courses presently designed to the ability ‘of its student?
And if not, how should they change? These are issues which

¥ need to be addressed and answered in order to improve the |

effectiveness of the Army.

Due to lack of Army historical data on the career history of
n individual MOSs (formal and on the job training), career
paths could not be examined. The purpose of studying career
paths in detail, when feasible, is to differentiate between
individuals with different patterns of schooling and career
histories, since these different profile factors generate

-l

different personnel flow rates, Figure 3.4-2 shows the
career paths for SINCGARS MOSs.

For this application the Defense Manpower Data Center
fi supplied two of the input rates for the Interactive Manpower
- Personnel Assessment and Correlation Technology (IMPACT)
Model: promotion and attrition, as well as inventory
information. DRC received in tape form quarterly rates for
the years 1980 and 1981. The Chief of Personnel Operations
(COPO) 45 Report was the source of the thira parameter:
TTHS. DRC received the TTHS data, in microfiche form, by
‘ quarters for the years 1980 to 1981 from the U.S. Army
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Military Personnel Center (MILPERCEN). OQuarterly snapshots
'1 were taken over a two year period of current personnel
status beginning in December 1979.

E 3.4.3 Analytic Procedures
3

DRC used the IMPACT Model to determine personnel
i requirements. The concept which underlines the IMPACT model
' is the conservation of people. This means that the
] quantities of personnel which leave a particular paygrade
must be replaced by personnel entering that paygrade. The
IMPACT Model determines the gquantities of personnel needed
in the personnel structure to support specific manpower
requirements and to sustain itself so that the personnel
it structure can camposite for incurred losses.

v v
v

el

There are three input parameters to the IMPACT Model. They
! represent reductions in the ability of a given total MOS/
. paygrade population to support its manpower requirements.
- These parameters are (a) pramotion rates, (b) attrition
rates, and (c) the percentage of the MOS/paygrade population

! in a trainee, transient, holdee, or student (TTHS) status at
- any given time.

& The IMPACT Model's objective is to calculate the minimum
e amount of personnel needed at each level in the personnel

structure. It is constrained so that each paygrade must

support losses incurred by the next higher paygrade, since

replacements for these losses must be promoted from the
e paygrade below. The process will iterate several times
before the optimal structure is established. Once each

*~ RUPRF A L S R e S T O s i L G O R T e AREEY ~
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paygrade is able to support the paygrade above, the model

.

stops.
! .

Personnel %o be trained per year is the primary output
parameter of the IMPACT Model. The quantities of personnel
to be trained per year represent the flow through each
paygrade due to yearly losses to the personnel structure and

BN

therefore, the flow through the training system. The |
| parameters are split into the following —categories: {

manpower and overhead losses per year. Manpower losses are
n losses given promotion, attrition, and the application of
the TTHS percentage to the manpower requirements. Overhead
losses 4re losses to the personnel structure minus manpower
requirements and manpower losses. (Table 3.4-3, IMPAC?
Output)e.

Steady-state personnel requirements of the personnel
structure are the secondary output parameter of the IMPACT
1 Model. Their parameters are used as a relative measure of |
the personnel requirements of the system as compared to
those of another system. Replacement for losses primarily

occui by promctions from the lower paygrade. Therefore, if

L 2%

manpower requirements begin at an E-4 1level, personnel are
needed in 1lower paygrade, to support and replace manpower
vacancies. These personnel requirements over and above
manpower requirement are considered to be overhead
. supporting a particular weapon system, although potentially
they may be used by another weapon system. A measure of the
quantity and quality of the personnel structure provides an

indication of how efficiently specific manpower requirements

P T S S T S SN ey

sustain themselves. For example, two equal-sets of manpower

requirements with different grade distributions will incur
two different personnel structures. Table 3.4-4, Comparative
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Personnel Structure Impacts is an illustrative example where i
a large variance of a grade distribution requires less
personnel than a smaller variance of a grade distribution.

{
q
d
3.4.4 Results "
.
Summary result charts of the IMPACT model for the MOSs ;
considered in the SINCGARS application are to be found in
Table 3.4~5 thru Table 3.4-7, depicting annual recruits,
pesonnel requirements by MOS, and by paygrade, respectively.
.
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Table 3.4-5 Annual Recruits

. PROPOSED
REFERENCE
MOS BCS CE ITT
3 11B 1,750 961 3,814
- 19E 20,552 3,640 13,874
31E 47,463 1,071 1,024
3 31s 12,265 3,180 22,071
31V 49,949 1,717 2,589
, 32G 1,582 46 1,138
4 35¢C 3,953 209 2,029
| 137,514 10,824 46,539
-
-
r-’
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Table 3.4-6 Personnel Requirements by MOS

REFERENCE PROPOSED
- MoS BCS CE ITT
! 11B 4,044 2,221 8,814

19E 33,700 5,969 22,749
i 31E 72,395 1,634 1,562
L.— 318 26,612 5,743 38,476
b
;- 31V 121,151 4,164 6,279
L
-, 326 7,772 226 5,592
s
:. 3s5¢C 19,422 1,025 9,968
- 285,096 20,982 93,440
A
;.'
k'._
:;.
.
3
®
3
°
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Table 3.4-7 Personnel Requirements by Payqrade

"N ' REFERENCE PROPOSED

PAYGRADE BCS CE ITT
E-1 79,492 5,556 24,424
= E-2 41,466 3,655 17,792
E-3 63,101 4,990 22,323 |

E-4 95,484 6,526 25,723

- E-5 5,553 255 3,178

285,096 20,982 93,440

(4 W)
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e 3.5 TRAINING RESOURCE REQUIKEMENTS .‘
n_ 3.5.1 General
) This section describes the results of the SINCGARS Training
- Resource Requirements Analysis (TRRA) and outlines the
’ . general procedures that were employed in this analysis. A
= more detailed discussion of the procedures employed in a
-~ TRRA is contained in the Army Research Institute's (ARI)
technical report on the application of the HARDMAN
'_ methodology to the Division Support Weapon System (DSWS).1l
Objectives
= Like the other steps in the HARDMAN methodology, the TRRA is
s tailored to meet the requirements of each study. This
tailoring is based on the purpose and scope of the effort
! and the availability of data to support the analysis. The
B purposes of the SINCGARS analysis are discussed in Section
2.1 of this report. These objectives were further refined
into the following TRRA objectives.
E o Identify the entry 1level resident training
e requirements for the maintainers of SINCGARS
through the general support level of maintenance
and a representative set of operators.
~
i - Identify the courses impacted
= Determine course content and length
1 Application of the HARDMAN Methodology to the Division
Support Weapon System (DSWS), Detailed Technical Report,
Volume 1I, December 1982,
=
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- Identify candidate training devices
= Determine instructor requirements ‘
- Determine course costs f

o Compare the training resource requirements of the
proposed systems (CE and ITT) ¢to a baseline

comparison system and analyze the differences. {

o Assess the adequacy of the MOS assignments in the

v ——

contractor's Logistic Support Analysis Record
(LSAR).

These objectives support the primary purpose of the HARDMAN
methodology, which is to influence design during the early
phases of the weapon system acquisition process.
Additionally, the TRRA provides early estimates of training
requirements to training developers and supports the

g SN VY v o

development of new systems planning documents such as the

Individual and Collective Training Plan (ICTP) and the Cost ]
and Training Effectiveness Analysis (CTEA), and the
Qualitative and Quantitative Personnel Requirements

Information (QQPRI), Application of the TRRA is designed to
contribute substantially to the achievement of these
objectives, but is not designed or intended to answer all of
the early training estimation questions related to SINCGARS.

ad £

Two types of TRRA's can be conducted: general and detailed.
In a general TRRA, the focus of analysis is the blocks of
instruction within programs of instruction. Only very
general task and skill information is collected, while in a
detailed TRRA, more specific training data is collected and

e

analyzed. The general TRRA produces quicker results and )
requires less extensive analysis. Therefore, it can be i
£
b i
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; easily applied during the earliest phases of the acquisition
‘ process. However, the general scope and focus, of the
: general TRRA makes it less appropriate for detailed
tradeoffs of training settings and instrﬁctional methods and
media. Also, the general type of task data it utilizes
P_ - makes it less appropriate for many of the procedures which
- have been developed for the Instructional Systems Develop-
ment (ISD) process. The detailed TRRA is designed to be
' applied later in the acquisition process, when detailed

tradeoffs of instructional strategies are required, and more

-

L time, resources, and task data are available for extensive
analyses.

= A general TRRA was conducted in the SINCGARS effort. This

type of analysis was selected because the general analysis

was commensurate with the overall study and TRRA objectives,
. and neither the time nor resources were available to conduct
B a detailed TRRA.

e Assumptions

ﬂ The following assumptions helped to further define the
general scope and focus of the TRRA.

i o Training associated with the operational test and
: evaluation of the proposed system and training
-
' associated with initial fielding of the system
(e.g., new equipment training) are not estimated.
B
o In the initial iteration of the TRRA, it is
& assumed that existing courses of instruction used
for analysis purposes are _meeting stated
performance standards (e.g.., graduates are
"
P ' 121
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qualified to the stated task standards). It is
also assumed that the analyses associated with the
development of these courses are valid (e.g., the
training task analysis, methods and media
selected, etc.).

o Only the resources and costs associated with
formal school training are estimated 1in the
present version of the TRRA, Training resources
and costs associated with unit training are not
estimated.,

o) Training resources to support supervised on-the-
job training (SOJT), collective training, advanced
technical training, and training other than for

G entry level institutional -training are not

identified.
',I o Development and acquisition costs associated with
;‘ training devices, equipment, media and other

products are not estimated.

o Training resources and costs are estimated for the
"steady-state" or average value year where the
"steady-state year"” is defined as the first year

in which the Army training system is producing
replacement training only (that is, all systems
have been deployed and training is focused on
filling manpower positions vacated through

b

PY attrition and pramotion).
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1 o Training resources and costs associated with
E civilian, noncommissioned officer, warrant officer
and of ficer training are not estimated.

o Training resources and costs are estimated for
maintainers through the general support echelon of

maintenance.
3
2 o All estimates in the TRRA are based on the best

available data, and projections are made from the
r existing subsystems, courses, etc.,, which most
, closely meet the functional requirements of the
'[_' proposed system.

o MOS chosen for operator analysis are assumed to

operate the following SINCGARS conf igurations:

h MOS SINCGARS CONFIGURATION
L 11B V1 Manpack and V5 Vehicular Long Range
13E V6 Vehicular Short Range Dismountable and
Long Range
19E V5 Vehicular Long Range
o It is assumed that the automated test equipment

(ATE) AN/MSM-105 will only be available at the
Specialized Repair Activity (SRA).

3

All Army systems identified for comparison
purposes do not include built-in-test (BIT). It
is estimated that approximately 40% of the
training in troubleshooting could be eliminated
i from existing training by wusing BIT and the
E" proposed diagnostic test equipment.
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Constraints

All of the major steps in a general Training Resource
Requirements Analysis (TRRA) were conducted for SINCGARS. |
However, the following constraints affected the analysis:

1) The lack of in-depth functional and technical

information about the camponents in the proposed systems

hindered the overall analysis. This was particularly true
‘ of the International Telephone and Telegraph (ITT) design.

2) The security classification of the existing net control |
device (KYK-15/TSEC) and COMSEC equipment (TSEC/KY-57) '

e precluded the acquisition of detailed descriptive operator

3 information.

b 3) The Automatic Test Equipment Repairer (MOS 35C) is a

'.' new MOS. As a result, the program of instruction (POI) and

= course cost information were not available.

-

e

¢ 4) Detailed operating procedures on built-in test equipment

L‘_ (BITE) and the test equipment used with each proposed system

e were not available. This limited the usefulness of applying

':_ comparability analysis for estimating maintenance training

requirements.

K

= 3.5.2 Data Inputs and Sources

i Inputs for the TRRA are of two types: (1) information

g describing the reference or proposed systems, and (2)
information which describes existing training. Information

K describing the systems was obtained from the previous steps

o
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in the analysis o:- Zrom the SINCGARS program office.
E Information describing existing training was obtained from
the DRC data base or the proponent school or command

responsible for the training.

B . The following sources of information were extracted from
both types of documents and used as input to the training

21, resource requirements analysis.

l. Operational/Maintenance Scenario Information:

- 4
- Final Qualitative and Quantitative Personnel
" Requirements Information (FQQPRI)
— = Organizational and Operational (O&O) Plan
B - Manpower Requirements Analysis
- Joint Integrated Logistics Support Plan (JILSP)
’ - Functional Requirements Analysis
N
2, Equipment Configuration Information:
".-
3] :
i - Engineering Analysis
E- - Technical and Field Manuals for Existing Equipment
- = .Draft Technical Manuals from Contractors

- Equipment Descriptions from Program Office

3. Task Information:

-
- Trainer's Guides
- Soldier's Manuals
- Funct ional Requirements Analysis
= Logistics Support Analysis Record (LSAR), Task
Inventory List (LSA~14) and Personnel and Skill
Summary (LSA-02)
» <128
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e 4. Personnel Classification Information:

- AR 611-201, Enlisted Career Management Fields and
Military Occupational Specialties

- Final Qualitative and Quantitative Personnel
3 Requirements Information (FQQPRI)
sl - Logistics Support Analysis Record (LSAR), Task
Inventory List (LSA-14) and Personnel and Skill
Summary (LSA-02)
i - Manpower Requirements Analysis

5. Training Plans/Course Information:

- DA Pam 351-9, EPMS Master Training Plan

°

% - DA Pam 351-4, US Army Formal Schools Catalog
it - Programs of Instruction

:' 6. Training Cost Information:

- Program of Instruction

= Personnel Requirements Analysis

- TRADOC Cost Analysis Program (MOS Training Costs)
Requirements Control Symbol (RCS) ATRM-159(R1)
Reports

- TRADOC Form 377-R, ICH Computation Worksheet

- TRADOC Form 812-R, TRADOC School Course Data

)

= Programs of Instruction for Proposed Systems
L - DA Pam 570-558, Staffing Guide for US Army Service
i‘ Schools
s
e
s
®
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7. Training Device Information:
- DA Pam 310-12, 1Index and Description of Ammy
Training Devices
= US Army Comprehensive Plan for Training Devices
- Training Device Development with Logistic

Implications (PM TRADE)
- TRADOC Pam 71-9, Catalog of TASO Training Devices
3.5.3 Analytic Procedures
Format Existing Data and Develop TRRA Worksheets

Inputs for the TRRA consisted of the system requirements,

functional requirements scenario data, generic task 1list,

manpower task assignments, and equipment 1lists., This
information was provided by the two previous steps in the
analysis, The concurrent step, Personnel Requirements
Analysis, exchanges information with the Training Resource

Requirements Analysis in an interactive fashion by taking
the MOS identified during the TRRA and providing the numbers
of personnel who must be trained for the MOS. In addition,
specific training related data, ASVAB and AFQT test
results for the MOS, are collected for the TRRA.

e.g.

Worksheets were used to record the relationship between

SINCGARS equipment, existing comparable equipment and
existing courses of instruction. These worksheets are
divided into two sets: one set to plan and document the
analysis of system operation and the other to plan and

document the analysis of system maintenance. This division

was made because the requirements for system operator tasks

127
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;i are mission-based via the systems functional requirements. '
3 The equipment used by the operator to perform the system f

functions is a means to this end. In camparison,
maintenance task requirements are the results of equipment I
r'. design and technology. Hence, the equipment configurations

become the primary focus of analysis. |

Operator Training Source Index

»‘ Figure 3.5-1 contains an example of the Operator Training

g Source Index for system operator analysis. Included at the

top of each index page is the mission event and the SINCGARS
equipment configuration to be operated by the MOS under
s tudy. The functional organization (Column 1) for these

worksheets was derived from the generic task list in Section
3.1. This was done to provide a functional context in which
to analyze the effects of equipment design differences on
the operation of the system,

The second column of the index contains the baseline
comparison (reference) equipment while the next column is
used to record the equipment chosen for training estimation.
In selecting equipment for either purpose, comparable
equipment was chosen that met the functional requirements.
Another important selection criteria was insuring that
appropriate data for the equipment were available. Some

differences in equipment are found between the equipment
chosen for training estimation and equipment chosen for R/M
estimation during Engineering Analysis (Section 3.2) because

e the desired data is available for one purpose, but not for
the other.

o
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Sources of task information are indicated in the next
column, while the last column is used to indicate the formal
found for the equipment selected for

school training

training estimation. Information recorded includes: (1) the
course number, and (2) the annex, file number, or objective

containing the instruction.

The second half of the worksheet is used to record the same
kind of information for the proposed system(s) as for the

baseline system.
Maintenance Training Source Index

Figure 3.5-2 contains an example of the Maintenance Training
Source Index used for system maintenance analysis. At the
top of the page is the end item. In this study, end items
are configurations V1-V7, while components are the common
and optional components which make up the configurations.

The first and second columns contain the equipment configur-
ation code and the baseline comparison (reference) equipment
selected during the engineering analysis. In this study,
the logistics control numbers (LCN) were used as the equip-
ment configuration code. Some logistics control numbers
were not included because either they were aggregated under
other numbers or they represented minor equipment for which
no training was found. Within the course information
columns of these worksheets, training information was broken
down into the three echelons of maintenance required for the
SINCGARS study: organizational, direct, and general support.
These three 1levels of maintenance were included for the

reference and proposed systems.
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The selection of representative equipment for maintenance
training posed a problem in that SINCGARS contains state-of-
the-art digital technology. No Army radio systems were
identified which currently employ this technology to the
extent proposed for SINCGARS and also has training data
available to support a training analysis. The AN/ARC-114
does employ digital and 1logic circuitry in its frequency
generation circuits and, therefore, was selected as the
reference system radio at the direct and general support
echelons of maintenance. However, it does not provide a
reasonable camparison for organizational maintenance.

The AN/ARC-114 is part of the standard lightweight avionics
configurations and is a standard avionics configuration
found in Army aircraft. The organizational maintenance
performed on the ARC-114 is significantly different from the
organizational maintenance performed on wvehicular and
manpack systems. Some of the reasons for this difference
are the number of different configurations and optional
components in vehicular ratios, the difference in platform
integration of subsystems between wvehicles and aircraft, and
the difference in maintenance organization and procedures
which exist between Army aviation and the rest of the
Army. For these reasons, the AN/VRC-12 was judged to be
more representative of the organizational maintenance
requirements for SINCGARS.

MOS Assignment

The next step in the TRRA is the assignment of functions and
equipment to MOS, Some of the considerations involved are:

o Which MOS now receives training in similar tasks,
skills and knowledges.
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o Which MOS is assigned to similar systems.

o The branch of service of the predecessor MOS.

o The units the existing MOS is assigned to.

o Historical precedent.

o Thesimpacts on soldier career progression rates.
o The workload requirements or equipment densities.
o LSAR MOS assignments.,

Normally, the assignments of MOS to equipment and tasks made
during the Manpower Analysis are reviewed during this step
using training materials for reference, and adjustments in
MOS assignment are made, if required. If adjustments are
made during this step, these are incorporated into the
Manpower Analysis. This study, however, was phased and the
Manpower Analysis was completed before the Training Analysis
began. Because MOS selections were made in the first phase
of the study and the first two steps of the HARDMAN
methodology had been conducted using these MOS assignments,
it was decided to complete the training and personnel steps
of the methodology using the same MOS assignments. Table
3.5~1 contains the SINCGARS MOS's selected during the
initial phase. These MOS's are assigned to the various
SINCGARS camponents in Table 3,5-2.
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Table 3.5-1

19

29

29

31

29

29
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SINCGARS Military Occupational Specialties

Title (With Abbreviation)

Infantryman (*)

Cannon Fire Direction Specialist (Cannon FD Sp)
M48-M60 Armor Crewman (M48-M60 Arm Crmn)

Field Radio Repairer (*)

Field General COMSEC Repairer (Field Gen COMSEC Rep)

Tactical Communications Systems Operator/Mechanic
(Tac Comm Sys Op/Mech)

Fixed Cryptographic Equipment Repairer
(Fixed Crypto Eq Rep)

Automatic Test Equipment Repairer (ATE Repairer)

* Indicates no abbreviation.
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Develop Reference and Proposed Courses

Once the MOS have been determined, the existing courses of
instruction associated with the MOS are identified. These
courses were identified by consulting (1) DA Pam 351-4 US
Army Formal Schools Catalog, (2) DA Pam 351-9 EPMS Master
Training Plan, or (3) the school with proponency for the
MOS. Table 3.5-3 summarizes the SINCGARS entry level

courses of instruction.

Modi fy/Add Courses of Instruction

The programs of instruction for the courses identified were
examined to determine the equipment/subject matter areas
covered in each course module/annex. These subject matter
areas were campared with the functional, equipment, and task
requirements for each proposed design. Those general skill
areas in the existing courses which were no longer needed
were identified first and the modules associated with these
skill areas were eliminated. New skill areas which had to
be added to the existing courses to reflect the modified/
additional skill requirements were then identified and these

modules were added to the course outline.

The Course Modification Worksheet is used to record these
changes and an example is shown in Figure 3.5-3. This

worksheet is divided into three sections. The 1left-hand
section 1is used to record course modules/files that are
found in existing courses. All of the courses developed for
the SINCGARS study were developed from an existing course,
except for 35C which is a new MOS. The entry level course
for this MOS was not available; however, no change in course
content is apparent from the introduction of SINCGARS. For
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19E 010-19E10 (M60A3) Basic Armor Training

L 31E 101-31E10 Field Radio Repairer
13
& 31s 160-31S10 Field General COMSEC Repairer
b lv 101-31v10 Tactical Communications Systems
@ Operator/Mechanic

N 32G6 160-32G10 Fixed Cryptographic Equipment
F Repairer
h 15¢ KXX-35C10 Automatic Test Equipment Repairer
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Table 3.5-3

Course Number

11B10-0SUT

250-13E10
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