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FOREWORD

The Army is currently implementing a broadly based force
modernization program featuring the introduction of a large
number of sophisticated new materiel systems and simultaneous
redesign of its force structure (Division 86) in an all-volunteer
environment. This ambitious effort places heavy demands on the
Army's manpower and training resources. Projected declines in
the gqualitative and quantitative manpower pool from which the
Army must recruit its future soldiers will compound that problem

over the next several years.

A necessary early step in coping with the Manpower, Person-
nel, and Training (MPT) resource problem is the production of an
accurate and timely accounting of the number of people and skills
needed, system by system and in the aggregate, to operate and
maintain new equipment once fielded. To this end, the Army has
developed an elaborate materiel acquisition process and a number

of regulations and instructions which address the MPT issues to

be considered during system development and acquisition.
Nevertheless, a number of negative judgements, summarized below
and generally supported by previous study findings, have been

made about the Army's ability to determine MPT requirements for

new systems.

0 Tools and techniques for predicting manpower requirements
and guidance for their application are both inadequate
and unevenly applied.

© The process whereby MPT requirements are documented and
transmitted is overly complex, slow, and fails to include
direct early participation of Army personnel community
representatives.
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3;3 o Materiel developers often fail to understand the impact
W, that MPT requirements have on the ultimate cost and
operational utility of a new piece of hardware once
fielded; consequently, insufficient funds and effort are
devoted to MPT analysis and human factors engineering
during early stages of system development.
Jointly sponsored by the Defense Systems Management College
(DSMC) and the US Army Research Institute for the Behavioral and
Social Sciences (ARI), this study effort by Information Spectrum,
Inc. under contract MDA 903-81-C-0386 is one of several initia-
tives designed to resopnd to concerns being raised about the ade-
quacy and timeliness of the Army's MPT requirements determination
procedures. It supports ARI's intensive system manning tech-

nology research and development program and DSMC's increased edu-

cational emphasis on performance of more effective man-machine

tradeoffs during early stages of the materiel acquisition pro-

cess.

This report is one of five resulting from ISI's research
effort. Each of the first four is a case study that describes
and analyzes the procedures used to determine MPT requirements
for a specific materiel system, and relates accomplishment of
actual MPT events/documents to those called for in the Life Cycle
System Management Model (LCSMM). A fifth report analyzes fin-

dings from the four case studies, draws systemic conclusions, and

. n For
makes recommendations for improving the MPT requirements deter- wr
mination process.  Unnoaneed
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EXECUTIVE SUMMARY
BACKGROUND

Growing concern with the soldier-machine interface problem,
the future manpower pool available to the Army, and the Army's
ability to make accurate and timely determinations of the quan-
titative and qualitative Manpower, Personnel, and Training (MPT)
requirements for newly developed systems provided the impetus for
the study of several emerging materiel systems. This report exa-
mines the UH-60A (BLACKHAWK) Program, one of four systems
selected for study. A comparative analysis report examines the
results of the four system case studies, identifies systemic
problems with the Army's MPT requirements determination proce-

dures, and recommends solutions to identified deficiencies.
APPROACH

The BLACKHAWK Program review was divided into three major
phases: literature review, data collection, and data analysis.
Official Department of Defense (DOD) and Department of the Army
(DA) publications concerning the MPT effort within the system
acquisition process were reviewed; earlier and on-going studies
were also researched. Specific UH-60A Program data was obtained
from interviews with and draft and final MPT documentation pre-
pared by Army materiel developers, combat developers, trainers,
testers, manpower planners, personnel managers, and logisticians.

Data was analyzed within the context of the MPT documents/events

-------
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identified in the Life Cycle System Management Model (LCSMM), as
modified by the UH-60A Program acquisition strategy. Tools and
techniques used to determine system MPT requirements were eva-
luated against those prescribed by the Army. The analysis paid
particular attention to how much emphasis was placed on MPT

issues in early requirement and contractual documents.

MAJOR FINDINGS

The UH-60A Program did not follow the "traditional" acquisi-
tion process outlined in the Army's Life Cycle System Management
Model (LCSMM). The program bypassed the formal Concept and
Demonstration/Validation phases, and began with a competitive
Engineering Development phase. Acceleration of the acquisition
process and contractor competition affected the early MPT

requirements determination process.

Restrictions on communications and exchange of information
between Army components and competing contractors inhibited esti-
mates of definitive requirements until the winning contractor was
selected at the end of the Engineering Development phase, some 5
years after program start. This circumstance reduced the time
that manpower planners usually have to refine iterative estima-
tes, and hindered the Army's ability to reliably predict quan-

titative maintenance manpower and training requirements.

Quantitative predictions were further hampered by two addi-

tional but related factors. First, manpower planners lacked

vi
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credible and complete Logistic Support Analysis (LSA) data needed
to make quantitative calculations. This was primarily due to
the fact that Sikorsky, the winning contractor, stopped LSA in
the middle of the engineering development phase and did not
resume the effort until the beginning of the Production and
Deployment phase. The second contributory factor was that the
Army lacked adequate analytical tools and definitive procedures

which could be applied to the quantitative problem with either

consisténcy or discipline.

Early qualitative manpower estimates held up rather well
throughout the acquisition process due, in part, to the detailed
system specifications and design criteria provided by the Army to
contractors in requests for proposals (RFPs) and competitive
development contracts. This definitive guidance, coupled with
strong emphasis on system Reliability, Availability, and Main-
tainability (RAM), also resulted in an aircraft design which

exhibited overall excellent soldier-machine interface charac-

teristics.
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I. INTRODUCTION

A. BACKGROUND

Materiel Systems Acquisition programs are the subject of
continuing analyses, reviews, and evaluations. The scope and
extent of these program appraisals are consistent with the high
cost of materiel systems over a life cycle, their impact on
operational capability and effectiveness, and their demand on
current and future resources. Specific guidelines have been
established for development and acquisition of major systems by
the Departments of Defense (DOD) and the Army (DA). The process

is detailed and involves many management levels.

Despite the detail and depth of documentation and directives ‘
governing the acquisition process, problems regarding establish-
ment of manpower requirements and their true cost have been pre-
valent. Sufficient numbers of properly trained personnel are
essential to operate, maintain, and support current and future
materiel systems. The improvements in these systems offered by
new technology, a corresponding requirement for more highly
skilled personnel, the steady upward trend in operating and
support costs, and the projected reduced availability of the
recruitible population demand a close and early look at man-

'poﬁer requirements for materiel systems under development to mea-

sure both supportability and affordability.

A number of previous studies, some of which are cited below,

have highlighted problems associated with the determination of
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Manpower, Personnel, and Training (MPT) requirements for new sys-

tems.

l. In December 1978, the Logistics Management Institute
concluded a study of manpower planning for new weapon systems for
the Assistant Secretary of Defense, Manrpower, Reserve Affairs,
and Logistics (ASD, MRA&L), complemented by seven case studies.
Two of these concerned Army systems, i.e., TACFIRE and Patriot.l
Significant findings from that study included the following:

o Most estimates of manpower requirements made during
acquisition programs are too low.

o Operating and support concepts are likely to vary
throughout the acquisition process, causing fluctua-
tions in the estimates of manpower requirements.

o There is greater uncertainty associated with main-
tenance manning than with any other element of new
weapon system manpower requirements.

o Estimates of new system manpower requirements fre-
quently reflect program goals rather than unbiased
assessments of manpower needs.

© Manpower goals or constraints established for new
systems have addressed only the aggregate manning of
the using unit, not total manpower or skill level
requirements.

0 Controlling training requirements can be as important
as constraining manning levels.

o Operational test and evaluation conducted prior to
DSARC III does not normally test the intermediate
level of maintenance support.

2. In August 1980, Generals wWalter T. Kerwin and George S.

Blanchard prepared a discussion paper for the Army Chief of Staff

1Betaque, Norman E., Jr., et al, Manpower Planning for New Weapon
Systems, WN ML 801-1 Through WN ML 801-9. Logistics Management
Institute. July - December 1978.
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concerning the soldier-machine interface (SMI) problem.2 1In

that report, Generals Kerwin and Blanchard stated,

*"The Army has made some progress in dealing with this
problem. Many efforts are underway. However, these efforts,
while representing steps in the right direction, are
fragmented, based on reactions rather than vision, and, to a
large extent, individually initiated. 1In our opinion, these
efforts will fall short in coping with the extent of the
problem in time to have an impact in the near term.
Significant improvement will not occur gquickly unless
efforts are integrated, the personnel and doctrine people
become more actively involved early in the materiel devel-
opment process, and the Army addresses man/machine interface
in its broadest sense and begins to think tactical system
development in lieu of individual materiel development,
individual people development and individual support
development."”

p

ﬁg Specific observations presented in the report included:

- \:..

N 0 The Life Cycle System Management Model (LCSMM) must be
i disciplined concerning the manpower, personnel, training

and logistics aspects of the process. Qualitative and
Quantitative Personnel Requirements Information (QQPRI)
and Basis of Issue Plans (BOIP) were singled out as exam-
ples.

0 Careful consideration of MPT impacts must precede any
variation in strategy which skips a phase of develop-
ment for the purpose of achieving an early initial Opera-
tional Capability (IOC).

O Better utilization of and improvements in the QQPRI

e

ﬁgg process are needed.

F O MPT requirements must be better defined during concept
Jﬁ evaluation.

SOR%

‘Q o System development programs must recognize training

v'"l'

constraints and employ sophisticated techniques to reduce
training requirements.

ﬁ;: o Human Factors Analysis and Engineering must become a

o mandated part of system development early in the cycle.

l.*‘

Wf

sz 2plancharad, George S. & Kerwin, Walter T., Man/Machine Interface
e -~ A Growing Crisis, Army Top Problem Areas, Discussion Paper
N Number 2, August 1980.
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'23 o PMs and TSMs must increase their emphasis on the MPT

}: features of the Integrated Logistics Support (ILS)

g process.

f: o0 The personnel community must become an active, rather than
§3 reactive, part of the acquisition process.

= 3. Some of the problems with the BOIP/QQPRI process identi-
E: | fied by Generals Kerwin and Blanchard, were also discussed in a 7
EE January 1980 report by the Army Force Modernization Coordination
X Office (AFMCO).3 1In its examination, the BOIP/QQPRI Task

R Force reviewed the status of 76 new systems and found that of

’§ these 76, the BOIP/QQPR1s were late in 29 of the systems by an

e average of 19.5 months. Note: the task force considered current
f% status of the primary item only, it did not consider associated
_i equipment; Test, Measurement, and Diagnostic Equipment (TMDE); or

training devices. Nor did the task force consider BOIP/QQPRI

A
v,

, guality.

5

\ﬂ‘

~ Regarding the impact of the late BOIP/QQPRI, the task force

oY stated:

w

7; "When the BOIP/QQPRI are not submitted on time, there is a

) high probability that the fielded system will be inadequately

. supported. At a low intensity of modernization there is some

o~ opportunity to offset late BOIP/QQPRI by shifting personnel

- and materiel resources to take advantage of other system

o delays and the general phase-in of equipment. However, the

ﬂ increased intensity of modernization during the next four to

- five years will not allow this opportunity. In short,
twenty-nine of the Army Modernization Information Memorandum

pe? (AMIM) systems to be fielded in the next three years may not

- be adequately supported in the field."

!

-2

J

‘.

‘ﬁ 3aQpA, Office of the Chief of Staff, BOIP/QQPRI Task Force

R Report, 9 January 1980.
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The report goes on to say:

*"There are many reasons for the number of late BOIP/QQPRI in
the set of systems the task force examined. Part of the
reason is a failure to adequately discipline the system. 1In
many cases it is due to inadequate priorities being assigned
to the extreme importance and value of the system with a
consequent underresourcing of manpower at all levels. Above
all, there exists no mechanism to centrally manage and
police the preparation and submission of the BOIP/QQPRI."
4. A previous 1SI study conducted for ARI,4 identified
and analyzed the MPT information required to be generated by the
Army's LCSMM process. That study concluded that, if properly
prepared in the sequence stipulated, MPT information should be
adequate to meet LCSMM milestone goals. However, it also con-
firmed findings of other studies that the information generated
in preparation for recent Army and Defense System Acquisition
Review Council (ASARC/DSARC) reviews had been inadequate in some
quality and timeliness of MPT planning and programming during the

LCSMM process.

5. In January 1981, amid growing concern that its materiel
systems are becoming too complex, HQDA directed U.S. Army
Training and Doctrine Command (TRADOC) to lead an internal Army
study to assess the impact of the SMI on total systems management
and how the Army can better match men, skills, and machines.>

The study was designed to either validate or recommend revision

4Rhode, Alfred S., et al, Manpower, Personnel and Training

Requirements for Materiel System Acquisition, ARI, February
1980. €2 _SYstem Acquistiel

5BQDA, Soldier-Machine Interface Requirements (Complexity) Study,
January 1982.
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to the existing materiel system acquisition procedures to insure
that the Army pursues the best possible course to match men,

skills, and machines during the next decade.

To accomplish the task, the study addressed in a very broad
sense 30 different systems representative of most system types in
various mission areas. Further, for each system, the study
addressed all system-specific tasks associated with the immediate '
soldier-machine interface at operator; maintainer, and repairer

(through GS) levels.

Since the objectives of that complexity study were similar to
those of this effort, coordination was established with the

complexity study team and information exchanged.
B. PURPOSE

This is one of four historical case studies dealing with
Manpower, Personnel, and Training problems associated with the
Army's acquisition of the following materiel systems:

O AN/TYC-39 Message Switch & AN/TTC-39 Circuit Switch (AN/TTC-

39 Program)
© Multiple Launch Rocket System (MLRS)
0 UH-60A Helicopter (BLACKHAWK)

O AN/TPQ-36 Mortar Locating Radar & AN/TPQ-37 Artillery
Locating Radar (FIREFINDER)

Each case study examines the Army's ability to comply with
its stated MPT requirements determination procedures during the
development of specific systems, and assesses the timeliness and

quality of the MPT products. A fifth report, which accompanies




these case studies, analyzes the four systems, identifying simi-
larities and differences in the acquisition process and drawing
comparisons where appropriate. It is stressed that the principal
objective is to examine when and how well MPT requirements were
developed and expressed, particularly during the early stages of

system development.

C. APPROACH

l. System Selection

The systems selected for study represent a cross section of
Army combat development mission areas, e.g., Fire Support (MLRS),
Aviation (BLACKHAWK), Tactical Surveillance, Reconnaissance, and
Target Acquisition (FIREFINDER), and Communications (AN/TTC-39
Program). Each of the systems selected has a high development
priority and is well along in the acquisition process, thus
permitting a more comprehensive examination of actual MPT events
and documentation. Availability of US Army Materiel Development
and Readiness Command (DARCOM) Project Managers (PM) and US Army
Training and Doctrine Command (TRADOC) System Managers (TSM) to
interact with study team members also influenced the choice of

systems.

2. Scope

Por each system case study, actual MPT events/documents and
organizational elements responsible for their accomplishment are
identified down to subordinate elements within DARCOM and the

subordinate proponent school level within TRADOC.
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S?ﬁ Occurrence of events are portrayed in time relative to the
= sequence called for in the Life Cycle Systems Management Model
\2 (LCSMM) .6 The May 1975 LCSMM was used as a baseline although

:§2 some early acquisition stages in the systems examined began prior
o to that date. Tools and techniques used to generate MPT require-
;33 | ments are described and their value assessed. Qualitative and
_;§§ quantitative changes in MPT requirements are tracked, beginning
S with the initial establishment of system need and continuing
zég through the latest completed event in the system's acquisition
13$ process. Reasons for such changes are also stated in those
*f' instances where data availability permitted such a determination
to be made.
Qﬁs Where possible, the adequacy and timeliness of MPT informa-
fﬁ} tion are assessed to determine whether ASARC; DSARC; Planning,
‘§§ Programming, and Budgeting System (PPBS); and fielding needs were
A% met. If not, reasons for such deficiencies and their impact are
’Q& stated.
2
1:f: The fifth report identifies and analyzes differences in when
- and how well MPT requirements were developed and expressed. The
i? reasons for and impact, if any, of the identified differences are
;fg assessed to identify particularly effective/ineffective approach-
£ es to generation of MPT data; common problems and lessons learned
:EE are also highlighted. Recommendations for correction of identi-
Eg fied deficiencies are made, taking into account significant
o

:zi 6HQDA, Pamphlet No. 11-25, Life Cycle System Management Model for
AN Army Systems, May 1975.
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efforts either recently completed or currently underway by the
Department of Defense (DOD) and the Army to improve the MPT
requirements determination process, e.g., Carlucci initiatives;
changes in Army policies and procedures for processing QQPRI and
BOIP (AR 70-~2); and staffing a proposed new Military Standard for
Weapon System and Equipment Support Analysis (MIL-STD-1388A).

The research effort was divided into three major phases:
Literature Review; Data Collection; and Data Processing and

Analysis.

3. Literature Review

The study effort began with a review of literature pertinent
to the development and expression of MPT requirements for new
materiel systems. It included an examination of policies and
procedures promulgated by DOD; Headquarters, Department of the
Army (HQDA); Headquarters, DARCOM; and Headquarters, TRADOC.
Related study efforts and research reports such as those
mentioned in paragraph A, supra, were also reviewed for
background, ideas for data gathering and analysis methods, and to
avoid unnecessary overlap and duplication of earlier efforts.
Major policy and procedural document sources examined during this

review are cited in Appendix A.

4. Data Collection

The evolution of MPT information for the UH-60A Program in
response to materiel development policies and procedures,

including the LCSMM and the Integrated Logistics Support
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Management Model (ILSMM) processes, was tracked through each
phase of the acquisition process. Data was gathered through
examination of draft and final MPT documents and face-to-face
interviews with Subject Matter Experts (SME) representing
combat/materiel developers, trainers, testers, manpower/person-
nel planners, and personnel managers. Data cutoff was 31 May
1982. Specific organizational elements contacted during the
collection effort are identified in Appendix B. The major MPT

source documents are listed in Appendix C.

5. Analysis

Information collected was cataloged and analyzed across ac-
quisition milestones, measured against MPT data requirements in
the LCSMM, and where appropriate, compared with like or similar
systems; basic criteria for analysis were timeliness and adequacy
of data relative to LCSMM and Army regulatory standards. The
criteria were applied in examining the following major issues.

o Tools, techniques, and standards used to compute and

express MPT requirements and tradeoffs.

0 MPT requirements documentation and flow of information to
decision makers.

o The acquisition process itself, in terms of MPT require-
ments determination.
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II. SYSTEM SUMMARY

A. SYSTEM DESCRIPTION

The UH-60A (BLACKHAWK)? is a twin engine utility helicop-
ter developed to replace the Army's single engine UH-1 "RHuey" for
air assault, short-range combat/combat support/combat service
support equipment and troop movement, air cavalry, and aero-
medical evacuation missions. The BLACKHAWK is designed to carry
more than twice the payload of the UH-1 and to transport a combat
equipped ll-man squad 42 knots faster in all weather and altitude
conditions. Basic characteristics of the BLACKHAWK are summa-

rized in Figure 11-1.

The basic UH-60A flight crew, like the crew for the UH-1,
consists of a pilot, co-pilot, and a crewchief/gunner; in a com-
bat environment, a gunner may augment the crew as a fourth
member. A medical corpsman is a standard fourth crewmember in

all air ambulance units.

The primary UH-60A unit is the Combat Support Aviation

Company (CSAC) which can be either a separate unit or a sub-

ordinate element of an aviation battalion. Each Army division

N

e J
.

has an organic aviation battalion with a variable number of

.
A

Y
LGS
(R

CSACs, depending on the type division. 1In most CSACs, 15 UH-60As

will replace 23 UH-ls.

Tpuring early stages of development, the BLACKHAWK was referred
to as the Utility Tactical Aircraft System (UTTAS). For simpli-
city, it will be referred to as UH-60A throughout this report.
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Air cavalry and aeromedical units are the other principal

types of Army units selected to received UH-60As as replacements
for UH-1s. Seven UH-60s will replace eight UH-ls in air cavalry
troops, and the replacement rati~ in aeromedical units will be

one for one.

B. MAJOR ACQUISITION MILESTONES

The first major milestone in the acquisition of the BLACKHAWK
was the Defense System Acquisition Review Council I and II (DSARC
I/11I) decision authorizing the Army to proceed with Full-Scale

Engineering Development (FSED), in May 1971.

On the basis of that decision, the General Electric Company
was awarded a contract for development of the engine in March
1972. Competitive contracts for develpment of the airframe were
awarded to the Boeing-Vertol and Sikorsky Companies in August

1972.

In November 1976, some 51 months after the airframe cont. act
was awarded and following Government Competitive Tests (GCT), a
DSARC I1I decision authorized the Army to proceed into the

Production and Deployment Phase.

The Army type classified the airframe as standard and
awarded a maturation and initial production contract to the
Sikorsky Company in December 1976. By October 1979, 19 aircraft
had been delivered to the Army, and an Army System Acquisition

Review Council (ASARC IIIA) decision approved continued produc-
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tion. 1Initial Operational Capability (IOC) was achieved by the
101st Airborne Division (Air Assault) at Fort Campbell, KY, in
November 1979. Figure II-2 illustrates the BLACKHAWK acquisition

milestones.
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IXIl. DETERMINATION OF MPT REQUIREMENTS - DISCUSSION

A. INTRODUCTION

The discussion in this Section is based on examination of
available MPT data gathered through review of documents and
interviews with Subject Matter Experts (SMEs). The discussion is
organized chronologically to show progressive steps and changes in
information as the UH-60A (BLACKHAWK) Program proceeded through
the various phases of the acquisition process. Figures, tables,
and summaries are used to provide the reader with a more complete
understanding of the inter-relationship of events and the data

generated by them.

As mentioned in Section I, MPT events are portrayed in time
relative to the sequence called for in the Life Cycle System
Management Model (LCSMM). The LCSMM, promulgated by DA PAM
11-25, May 1975, depicts the process by which Army materiel
systems are initiated, validated, developed, deployed, supported,
and modified. It is divided into four major segments correspond-
ing to the four acquisition phases, i.e., Conceptual, Vvalidation,
Full Scale Engineering Development, and Production and Deploy-

ment.

It must be remembered that the model is not rigid. 1It is
possible for many of the LCSMM events to be bypassed. Only

events deemed pertinent and necessary for the development of the

particular system are accomplished. 1In the development of some
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systems, entire phases may be bypassed; such was the case with
the UH-60A Program which skipped the Conceptual and Validation

phases.

B. CONCEPTUAL PHASE

In this phase, the technical, military and economic basis
for proposed systems are established and concept formulation initi-
ated through pertinent studies. Critical issues and logistical
support problems and actions are identified for investigation and
resolution in subsequent phases to minimize future development
risks. This phase is a highly interactive process with activi-
ties performed simultaneously and/or sequentially. No specific
period of time in months or years is prescribed for the Concept-
ual Phase since the phase length is determined by the charac-
teristics and status of the operational and technical factors
making up the proposed program, the urgency of sseting the pre-
dicted operational threat, or environment and resource con-
straints. For systems that require DSARC approval, the phase
ends at Milestone I with Event 14, DSARC I/DCP I approval and
Secretary of Defense (SECDEF) authority to proceed to the
Validation Phase.8 Figure III-1 identifies the major LCSMM
events in the Conceptual Phase. Since publication of DA PAM
11-25, the upfront requirements have become more formalized. A

Milestone 0 was added and an approved Mission Element Need

8LcsmM, page 2.
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Statement (MENS) was established as the authority to proceed into
the Conceptual Phase for new major system acquisitions. Recent
changes in the acquisition process substituted a Justification
for Major System New Starts (JMSNS) for the MENS, and required it
to be submitted not later than the Program Objective Memorandum

(POM) submission in which funding is to be included.

While the UH-60A Program did not formally proceed through the
Conceptual Phase, the military, technical and economic bases for
the system had been examined in some detail before the first
formal milestone (DSARC I/I1) in May 1971. However, this study
effort was unable to find evidence in the form of specific docu-
mentation concerning the degree of consideration given to MPT

issues prior to DSARC 1/1I.

C. VALIDATION PHASE

This phase consists of those steps required to verify prelim-
inary design and engineering, accomplish necessary planning,
analyze trade-off proposals, resolve or minimize logisitics
problems identified during the conceptual phase, prepare a formal
requirements document, and validate a concept for full-scale
development. The validation process may be conducted by competi-
tive or sole source contractors or by in-house laboratories.
Advanced development prototypes (brassboard) should be used and
tested (Development Test/Operational Test (DT/OT I)) during the
validation phase to provide data to estimate the prospective

system's military utility, cost, environmental impact, safety
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-ﬁ; (noise level, radiation and toxicological effects), human engi-
f3 neering, operational effectiveness and suitability to include
; surety and/or technological factors, and to refine configuration
‘it prior to entering full-scale development.? Figure III-2
fﬁ' illustrates major events identified in the LCSMM for the valida-
tion phase.
Ay
.$:
"; The UH-60A Program had no formal Validation/Demonstration
’ Sa
S Phase. The MPT/MPT related events which normally would have
yi; taken place in this phase were combined with similar events in
v
ff? the next phase. The Program was approved for entry into the
A
2 Full-Scale Development Phase following DSARC I1/II in May 1971.
Yo D. FULL SCALE ENGINEERING DEVELOPMENT (FSED) PHASE
s
A During this phase, the system, including all items for its
jﬁﬁ support, is fully developed and engineered, fabricated, tested
f}} (DT/OT 11), and a decision is made as to whether the item is
."<_:
1"?' ready for production. Concurrently, nonmateriel aspects, e.g.,
::ﬁ MPT, required to deploy an integrated system are developed,
Al
Ao refined, and finalized.l0
wIe.
. (l
) Figure III-3 illustrates system and MPT related events iden-
N
43& tified in the LCSMM for the Engineering Development Phase versus
SN
,:?; those actually accomplished according to available data for the
=
3
':‘:J
ey
'
e 9LcSMM, page 2.
-
k :-"\
N 101.csmM, page 2.
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UH-60A Program. Significant MPT and MPT related events during
this phase are discussed below. It should be noted that design
and engineering development of the UH-60A airframe during this
phase was performed competitively by two companies -- Boeing-
Vertol and Sikorsky. In a "normal® acquisition program such com-

petition would usually take place in the Validation/Demonstration

Phase.

1. Requirement Document - Materiel Need (MN)

The MN contained relatively well defined statements con-
cerning MPT requirements/constraints. These are summarized in

Figure III-4.

Since the UB-60A was developed to perform the same basic
mission as the UH-1l, the Army was able to access considerable
information, gained through years of experience with the UH-1l, in
projecting the UH-60A requirements. Early UH-60A system documents,
beginning with the MN, indicate that the Army took advantage of
lessons learned from the UH-1l; the high priority placed on

maintainability and reliability in the MN illustrates that point.

The MN anticipated an eventual reduction in overall utility
helicopter manpower requirements due to the need for fewer UH-
60As in air assault units. The MN also predicted that mainte-
nance manpower requirements would decrease because of design re-

quirements for simplified maintenance and longer component life.
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2. Reguest for Proposal (RFP)

The Army translated MPT/HF related requirements from the
MN into detailed quantitative and qualitative specifications in the
RPFP issued in January 1972. These criteria are summarized below,
and illustrate the concern given to Reliability, Availability,
and Maintainability (RAM). Without specifying how, the Army also
called upon contractors to integrate Human Factors Engineering
(HFE) into system design. Additionally, the RFP required the
contractors to provide specific plans for assessing personnel,

training, and training device requirements for the UH-60A.

a. Operational/Organizational Concepts

The RFP defined roles for the UH-60A according to !
various conflict intensities (Low-Mid-High), and identified the
primary UH-60A unit as being the Assault Helicopter Company, which
has since been renamed the Combat Support Aviation Company. It

envisioned employment of the UH-60A singly, in sections, platoons,

companies, or battalions within divisions and corps.

".-
N

o
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b. Maintenance Concept

[ o2
.
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The original RFP called for maintenance of the UH-60A

to be performed at the traditional four levels--organizational

(OL), direct support (DS), general support (GS), and depot. 1In

25

» ’.

Eﬁ the only substantive change to the original RFP requirements, the
b

:ﬁ maintenance concept for aviation systems was changed in 1974 to

the following three levels.

o

[

P

F".

N

X

"

.............. Ll

W 2 et e T e R N, I - a .
T B G TSI T - T
G ¥ 2RO AATAIAYS DROA VRIS IS FSU IR IS PR PN -_‘a,\.“




h ]

LS

Dl ke B s e doSad G 8 Al L dnd itg Sl R A A AN S P G aralh ad e L A i ol i LS ALt Sl oA e it a0l Lal il o 2egt SPe 9 e '_‘(_"—;71

L T e

l) Aviation Unit Maintenance (AVUM)
o0 Includes 100 percent of OL plus 60 percent of DS
o Organic to operating unit

© All preventive maintenance and limited corrective
maintenance

0 Removal/installation with limited skills, tools
and maximum use of modular quick disconnect
design

o Highly mobile test/diagnostic equipment

2) Aviation Intermedite Maintenance (AVIM)

o0 Includes 40 percent of DS and 40 percent of GS

O0 Repair end items, secondary items, and designated
modules

o0 Troubleshoot, adjust, align and calibrate
0 Operate direct exchange service

o Evacuate designated items to depot
3) Depot Maintenance

o0 Includes 60 percent of GS and 100 percent of
depot
o Increased workload under this concept

o Major user of piece parts

These changes occurred fairly early in the development pro-
cess, and did not appear to have caused any significant problems

in the early determination of MPT requirements.

c. Reliability, Availability, Maintainability (RAM)

....... At N e e,
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Figure III-5 summarizes RAM criteria specified in the

o RFP, and illustrates the significant level of early detail pro-
::Z vided to the contractors.

<

{g The RFP also cited a number of specific maintenance

engineering objectives, some of which are listed below. These
objectives, along with the RAM criteria, influenced determination

= of MPT requirements.

NN o Reduce amount/frequency of maintenance required

.. o Minimize requirements for special skills, tools, and
support equipment

o Reduce volume & improve quality of maintenance publica-
N tions

X
;:2 o Reduce maintenance facility requirements

o Reduce supply support required

N o Use maintenance personnel skills and knowledge to augment
5y supply control
N
:?3 o Improve maintenance career management
- o Reduce life cycle costs
@ﬁ d. Human Pactors Engineering (HFE)
>
.*i The RFP called for integration of human performance
A
712 into system design to meet the following objectives.
o~

- - o0 Ensure effective, efficient and reliable man-equipment com-
bination under use conditions

o Ensure that human tasks involved in operating, maintain-

gf ing, and supplying UH-60A do not exceed capabilities of
;* crew and support activities

-
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}ij Each responding contractor was required to submit an HFE
fi“ program plan to include the following elements.

S

A XS

- \.

:is o Method of integrating HFE into design effort

wie

Sh o Method of deriving training requirements/devices from HFE

_ analysis

R

,j%l o Provision for test/evaluation of HFE design inputs

W

X e. Personnel and Training

262

;ﬂ Contractors were called upon to submit plans for determining
l\ !\

‘!;4 kY

support personnel requirements and factory training needs, and
) for identifying proposed training devices. The RFP also informed
TET contractors that personnel, training and training device require-
- ments analyses would have to be performed during both the deve-

lopment and production phases.

&
‘éj‘ 3. Contractor Proposals

3

;;J The proposals submitted by Sikorsky and Boeing for the
?i% competitive phase (FSED) were responsive to RFP requirements in
5;5 the MPT and HFE areas. Sikorsky, the eventual winning contrac-
cox tor, provided a detailed plan for integrating HFE into system
;%é design, and outlined efforts to ensure that RAM would be given
?? high priority in design and engineering development. Sikorsky
;Ji .. described its Maintenance Engineering Analysis (MEA) methodology,
.;is and identified products to be derived from that effort, to

Esg include personnel and training requirements. Factory training
s;i objectives and specific courses were proposed, along with equip-
.ﬁi ment publications to be developed.

v
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4. Government Competitive Tests (GCT)

Government competitive testing was conducted in two
phases--Development Test (DT) II and Operational Test (OT) II.
Both phases compared prototype aircraft developed by the two
competing contractors and the UH-1. Contractor testing which
preceded GCT was more extensive than required by the government
test design plan. The competitive nature of the program and the
Army's emphasis on RAM goals appeared to motivate the contractors
to use extra flight test hours to improve RAM characteristics.
GCT evaluators observed that the design maturity of prototypes

exceeded expectations.

The DT phase of GCT was conducted in two parts. In the
first part, the Army Aircraft Development Test Activity (ADTA),
Test and Evaluation Command (TECOM) tested two prototypes from
each contractor at Ft. Rucker, AL from 19 March to 16 June 1976.
Each competing prototype flew approximately 300 hours.
Maintenance personnel for this first part of DT were from the
10l1lst Airborne Division (Air Assault); the same personnel par-
ticipated in OT 1I at Ft. Campbell, KY. The following MPT/HFE

related issues/ questions were addressed during this part of DT.

o Do the measured HFE and safety aspects of the system
show a potential for significant improvement in crew
efficiency and reduction in aircraft and personnel
attrition?

o Do the measured RAM characteristics of the system
indicate that the Army would benefit significantly in
terms of cost and personnel resources through replacing
current operational helicopters with the new system?
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The second part of DT was conducted by the Army Aviation
Engineering Flight Activity (AEFA) at Edwards ArB, CA from 19
March to 18 September 1976. Each contractor's prototype under-
went extensive engineering flight tests which measured perform-

ance and handling qualities.

An independent evaluation of DT test results by the US Army
Materiel Systems Analysis Activity (AMSAA) noted few HFE/Safety
deficiencies, and regarded those that were found to be easy to
correct. A specific favorable assessment was made concerning HFE
aspects of maintainability. The evaluation highlighted the fact
that even under rushed and less-than-optimum conditions, mainte-
nance operations proceeded without any degradation to reliabili-
ty, safety, or operational flexibility. Maintenance errors were
considered negligible. The AMSAA report concluded that man-
machine design characteristics reduced manpower resource demands
in terms of numbers of personnel, diversity of skills, and train-

ing requirements.

The OT phase of GCT was conducted by selected elements of
the 10l1st Airborne Division (Air Assault) from 21 June to
September 1976, and was independently evaluated by the Army
Operational Test and Evaluation Agency (OTEA). As in DT, two
prototypes from each contractor were tested; however, four UH-1
aircraft were also tested to provide data for comparison. The
prototypes flew a total of 514 hours and the UH-1 aircraft flew

540 hours. There were 752 controlled mission events during the

test.
I e e et e e e A e e L.
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The small number of prototypes available was cited as a test

limitation with the explanation that data from so few aircraft
could not offer a sound basis for estimating total projected
organizational capabilities under operational conditions.
Another test limitation cited by OTEA was that the combined DT
II/OT 1II flight hours were insufficient to provide a full
assessment of all RAM issues. Nevertheless, it was felt that

enough was learned to permit conclusions to be drawn.

OTEA indicated that both candidates exhibited HFE design
characteristics which were superior to the UH-1. Major HFE areas
identified for needed improvement in the Sikorsky prototype were
noise levels in the crew and passenger compartments; forward

visibility; and air circulation.

As far as MPT was concerned, OTEA estimated that "typical”
Army personnel should be able to successfully operate and main-
tain either candidate system; and that training of pilots,
maintenance personnel, and user troops would be no more difficult

than for the UH-1l.

5. Source Selection Evaluation Board (SSEB)

The SSEB evaluated the competing contractors on the
basis of their production proposals, contractors' test results,
and results of the GCT (DT II/OT II). Evaluation criteria and

scoring weights are shown in Figure III-6. Human factors engi-

neering and MPT were not significantly weighed; however, some
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UH-60A
SSEB EVALUATION
TECHNICAL ' 47.5%
Design' Integrity 35%

Technical Capability 65%
Maturity Development not scored

Producibility not scored
OPERATIONAL SUITABILITY 47.5%
Mission Performance 45%
*Maintainability 27%
Transportability 23%
Training, Personnel, 5%
& Organization
LOGISTICS 5%
ILS 100%
GCT SPT
PERFORMANCE not scored

*INCLUDED CONSIDERATION OF MFE ASPECTS OF MAINTENANCE

FIGURE III-6

RN -‘_.i




" ol Nl sl a0 o -
W L T o T N T T s N AT T T TV e o W WS A JaThan en e SHA SR CI S AACRGUIMor Bt San St fn dae- S dor- S i e aon B o-n aee ol B S

judgments about HFE/MPT aspects were made as part of the opera-
tional suitability and logistics evaluations. For example,
Maintenance Engineering Analysis (MEA) and the resultant pro-
ducts, including maintenance manpower and training reguirements,
were assessed as part of the overall Integrated Logistic Support
(ILS) evaluation. Maintainability evaluation for determination
of operational suitability included an examination of HFE aspects
of maintenance. The SSEB found both candidates satisfactory and

about equal in the MPT/HFE areas.

6. Early Contractor Deliverables

The primary MPT deliverable was a Personnel, Training,
and Training Device Analysis Report (PTTDAR). Three iterations
of this report were submitted, two during the FSED phase
(November 1974 and September 1976) and a final report early in
Production phase (April 1977). Each report provided
Qualitative and Quantitative Personnel Requirement Information
(QQPRI) input, proposed factory training and Army resident

training courses, and made training device recommendations.

The QQPRI input section of the report identified maintenance
tasks for each major system component by Military Occupational
Specialty (MOS). It also placed each listed maintenance task at

either the AVUM or AVIM level. Depot skill specialty require-

2

.-
:f; ments and specific tasks were not identified since that informa-
;§§ tion was to be a product of MEA in the production phase. The
n,
” PTTDARS referred to attachments which listed the number of
e
e
AN
e
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fiz maintenance manhours required for each component; however, the
5¢i attachments could not be located. The data provided in these
‘;3 PTTDARS were used by the materiel developer to initiate the

': . UH~60A QQPRI.

YOV

e The factory training plan identified courses, training aids,
ig and instructor materials required for both the FSED and produc-
iﬁ tion phases.
:éi The resident training plan consisted of the contractor's

.sg recommendations for training concepts, training aids, schedules
;; for development and delivery of materials to Army resident

;g schools, and plans for updating materials. In the PTTDARS sub-
;z mitted during the competitive phase (FSED), Sikorsky commented
ny that the resident training recommendations were limited in depth
i@ and detail because of the competitive nature of the program.

gﬁ Sikorsky observed that the contractor was prevented from estab-
iﬁ lishing normal communications with Army resident schools, and

?ﬁ that the competition limited the free flow of information among
::@ the various Integrated Logistics Support Management Team (ILSMT)
= members.
1ﬁ§ The training device recommendations were contained in the

Ef September 1976 PTTDAR. It identified and described some 24 com-
t{ .- puter assisted instruction trainers, composite multi-task train-
?ﬁ ers, and subsystem multi-task trainers. The recommendations

ES further suggested appropriate MOSs for training on each device.
,?;

C ey




Maintenance manuals and other equipment publications were
early deliverables required for GCT, but these early publications
were not available for review. The consensus among representa-
tives of the Army acquisition and training communities was that
the publications were adeguate; some of the maintenance manuals
were described as being innovative and easier to use and under-

stand than those for the UH-1.

7. QQPRI and BOIP

a. General.

The QQPRI and BOIP are iterative documents that provide
manpower and training planners the earliest and most current
information concerning the numbers and qualifications of
personnel required to operate, support, and maintain a materiel
system under development. For the majority of acquisition pro-
grams, input to both documents comes from a variety of organiza-
tional sources within the materiel development (DARCOM) and
combat development (TRADOC) communities. A substantial amount Of
basic data in both documents is derived from Logistic Support
Analysis (LSA). The materiel developer, e.g., AVRADCOM in the
case of the UH-60A Program, initiates boéh the BOIP and QQPRI
processes by preparing BOIP Feeder Data (BOIPFD). The BOIPFD
lists all principal and associated items of equipment, to include
Test, Measurement, and Diagnostic Equipment (TMDE) required to
support the new system. The materiel developer also concurrently

prepares a proposed QQPRI which lists skills, tasks, and knowledge
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required to operate and support the new item and its Associated
Items of Support Equipment (AIOSE), and estimates of time required
to maintain it. Both the BOIPFD and proposed QQPRI are forwarded

by the materiel developer through DARCOM channels to TRADOC.

The materiel developer's proposed QQPRI is refined at TRADOC
by adding the training, support and doctrinal implications of the
new system. Using data from both the QQPRI and BOIPFD along with
the 0&0 concept, a TRADOC proponent school, e.g., US Army
Infantry School in the case of the UH-60A Program, develops the
BOIP. The BOIP is a planning document which predicts organiza-
tional quantitative equipment and personnel requiremen;s for a

system.

Following TRADOC's refinement of the QQPRI and development
of the BOIP, both documents are staffed at the Soldier Support
Center-National Capital Region (SSC-NCR) and HQDA to determine if
the system falls within manpower constraints; reflects the
appropriate Military Occupational Specialty (MOS)/Special Skill
Identifier (SSI)/additional Skill Identifier (ASI); meets
Standard of Grade Authorization (SGA); has a feasible grade
structure; and can be supported by Army recruiting and training
capabilities. As the system proceeds through the development
process, QQPRI and BOIP must be updated to reflect the latest
outputs from the LSA and other events which indirectly feed the
BOIP and QQPRI. These two documents, among others, are also pre-
requisites for the decision to type classify new Army materiel as

standard.
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2 b. UH-60A QQPRI
f A "so-called" Final QQPRI (FQQPRI) was initiated by the
;Eﬁ materiel developer in July 1976 while the helicopter was still

Eﬁv undergoing government competitive testing. 1t reaffirmed that

’~ the direct operators would be the pilot, co-pilot, and crew

Eﬁ; chief/gunner; that air ambulance crews would be augmented with a
.Eé medical corpsman; and that a full-time gunner would augment, the

. crew in wartime.

i

fi In addition to the three basic crew members, the FQQPRI also
.i% identified some 15 other positions by title and suggested cur-

%ﬁ rent, revised, or new MOSs required to maintain the helicopter at
¥§ AVUM and AVIM levels. An amended FQQPRI prepared in November

A 1976, immediately following GCT, made no changes in the FQQPRI

ﬁé qualitative estimates. Table III-1 compares FQQPRI qualitative
A

i£ manpower proposals with those offered by the winning contractor
": (Sikorsky) in PTTDARS submitted prior to and after preparation of
%; the FQQPRI by the materiel developer. 1
139 |
i% For each candidate system and based on partial Maintenance

) ; Engineering Analyses (MEA), the FQQPRI reported the cumulative
E;i direct maintenance manhours per 1000 flight hours for each MOS at
EB the AVUM and AVIM levels of maintenance. The FQQPRI pointed out
fﬁ that the manhour information would be updated by RAM data being
;;g gathered during GCT.

N

?ﬂ As will be demonstrated later in this report, the main-

{é tenance manhours listed in the QQPRI are important inputs to the
N
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TABLE III-1

UH-60A Qualitative Manpower Estimates

Speciality/ PTTDAR FQQPRI PTTDAR
Position MOS Nov 74 Jul/Nov 76 Sep 76/Apr 77
AVUM |AVIM AVUM |AVIM AVUM |AVIM

Rotary Wing Aviator| 15A/100B X X
Maintenance Test

Pilot 71A/100BRU X X

Helicopter Re-

pairer (Rpr)/

Crew Chief 67 ( ) X X X X X X
Aircraft (Acft)

Quality Control

Supervisor 67 W X X X X X X
Acft Maintenance

Senior Sergeant 67 2 X X

|

Acft Powerplant |
Rpr 68 B X X X X X X
Acft Powertrain

Rpr* 68 D X X X X X X
Acft Rotor Rpr* 68 E X X X X
Act Structural Rpr*| 68 G X X X X X
Acft Pneudraulics

Rpr 68 H X X X X X X
Avionic Mechanic 35 K X X X X
Avionic Communica-

tions Equipment

Rpr 35 L X
Avionic Navigation

Equipment Rpr*#* 35 M X
Avionic Flight

Control Equipment

Rpr*# 35 N X X X X X

* MOS 68E sugsequently eliminated and tasks divided between MOS 68D

and MOS 68G.

*%* MOS 35N subsequently eliminated and tasks assumed by MOS 35M.
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process by which the combat developer (TRADOC) determines quan-
titative manpower requirements for a new system. This data is
usually produced by the Logistics Support Analysis (LSA) and

extracted from LSA Records (LSAR).

In the case of the UH-60A, LSAR estimates of maintenance
man-hours have been periodically provided to the materiel deve-
loper as part of the LSA process conducted by Sikorsky. However,
it is important to make two points about the early estimates ema-
nating from that process. First, when the competitive engi-
neering development contract was awarded in early 1972, the LSA
process as we know it today was not required. Implementation of
MIL STD 1388 (LSA) began in 1974. Sikorsky cooperated with the
Army in using the UH-60A as a test system in converting LSA pro-
cedures done under the Standard Integrated Support Management
System (SISMS), and referred to as MEA, to the more demanding and
automated procedures called for in MIL STD 1388. That tran-
sitioning process caused some degradation to very early MEA data.
Secondly, Sikorsky's LSA effort was stopped completely in early
1976 following Congressional reduction of funds for prototype

development. The Army advised the competing contractors to con-

centrate their efforts and limited remaining funds on producing

ICRPURI,
;.f- A

the best possible prototypes to meet the objectives of the

Government Competitive Test (GCT). Sikorsky decided to reduce

their expenditures by eliminating LSA. Consequently, the main-

v e 8 €
)

“’ » "- R

tenance manhours reported in the QQPRI prepared by the Materiel

-y
.

iy

Developer in July 1976 were based on limited and incomplete MEA

NN

estimates.
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2.
B
ﬁf The FQQPRI was amended (AFQQPRI) in November 1976, to reflect
o
}\~ maintenance manhours per flight hour by MOS at AVUM level based
‘:;: on RAM data collected during approximately 560 GCT flight hours
AN
':$: per contractor. Insufficient data was obtained during GCT for an
354
N MOS breakout at AVIM level. Also, the data presented was a com-
S bination of direct and indirect maintenance manhours. Table
ES III-2 illustrates the AVUM maintenance manhour data extracted
&~
S from the July 1976 FQQPRI and the November 1976 AFQQPRI.
f; In order to permit a reasonable comparison between the direct
maintenance manhours in the FQQPRI and the combined direct and
i indirect maintenance manhours per flight hour reported in the
%ﬁ AFQQPRI, the amended data has been converted to estimated direct
‘{:f maintenance manhours. The conversion was accomplished by
' dividing the combined maintenance manhours per flight hour for
'£§ each AVUM MOS by 1.4, the indirect productive maintenance time
l.
:ﬁ factor provided as a guide in Army Regulation (AR) 570-2
‘-‘F;._J
' | (Manpower Authorization Criteria).
:f
s TABLE III-2
2
) UH-60A QQPRI Data~-AVUM Direct Productive Maintenance
i Manhours/Flight Hour (MMH/FLT HR)
- MMH/FLT HR
G MOS FQQPRI AFQQPRI
S JUL 1976 NOV 1976
.. . 67( )20 .703 .571
0 67W40 -- .021
¥ 68B30 .002 .057
A
f.‘;; 68D20 .008 .057
[y 68E20 - .029
o 68F20 .021 .000
X
g
X
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TABLE III-2 (Continued)

MMH/FLT HR
FQQPRI AFQQPRI
MOS JUL 1976 NOV 1976

68F30 .001 .079
68G20 .030 .079
68H20 .002 .043
35K20 .040 .021
35L20 - .041
35M20 - .029
35N20 - .043

Following the award of the production contract in December
1976, Sikorsky resumed the LSA effort, but it took about 18
months to reestablish the LSAR data base and begin to submit
reports to the materiel developer. No evidence could be found to
indicate that the materiel developer ever formally submitted
further QQPRI amendments to upgrade maintenance manhour data re-

ported in the July 1976 FQQPRI and November 1976 AFQQPRI.

c. UH-60A BOIP

Documentation reviewed for this study suggested that a
tentative BOIP was prepared prior to the formal beginning of the
UH-60A acquisition program in 1971, but no'data from such a docu-
ment could be found. Although called for in the LCSMM and
required as a prerequisite for the decision to type classify the
helicopter standard, no UH-60A BOIP was developed during the FSED

phase. The DSARC III decision to proceed into the production/

Deployment Phase and an immediate follow-on decision in December




1976 to type classify the aircraft standard, were made without
the benefit of either a QQPRI or BOIP. A waiver was required and
granted to permit type classification of the UH-60A as standard
with an understanding that both the QQPRI and BOIP would be
approved by HQDA prior to execution of the optional second year

production contract.

The combat developer -- U.S. Army Infantry Center (USAIC) --
began to develop the BOIP during the opening months of the
Production and Deployment phase (early CY 1977). The USAIC
experienced some difficulty in preparing the BOIP because of the
admittedly poor estimates of productive maintenance manhours in
the FQQPRI and AFQQPRI. For some maintenance MOSs, the mainte-
nance manhours were so low that USAIC, using traditional MACRIT
formulas from AR 570-2, could not justify a single space.
Consequently, the estimates were "factored" to determine quan-
titative BOIP maintenance manpower data. No documentation could
be found as to either the specific factors used or the supporting

rationale for their development.

8. Training
Initial training of Army instructors, key p¢ -. nnel, and
individuals required to participate in Government Competitiv:
Testing (GCT) started in mid 1974 and continued until testing
began in Spring 1976. Most of the early training was conducted
by the competing airframe contractors (Sikorsky and Boeing-

Vertol) and the T700 engine contractor (General Electric) at

...................................
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e their respective factories in compliance with contractual
. requirements to prepare and present such training.
{
N
1§; Army resident training requirements were estimated by Sikor-
N
\ﬁj sky in its November 1974 PTTDAR. It was the only such forecast
) made during the FSED phase that could be found during this study.
.%if Table III-3 summarizes the suggested requirements. It should be
.g? recalled (paragraph 6., supra) that the dialog between Sikorsky
o and the Army training community was less than optimum during this
:fz period due to the competitive nature of the FSED phase.
0N
3
o TABLE III-3
NS UH-60A Resident Training Reguirements
e (1974 PTTDAR-Sikorsky)
N
N .
o Minimum
- MOS Course Length Prerequisites
?; 67( ) 6 weeks Possess MOS 67N,R,
3; or X and Prior
“? Field Experience
w 67W 4 weeks 1 year Experience
\ -
e 68B 2 weeks 1 year Experience
3& 68D 3 weeks 1 year Experience
» 68E 3 days 1 year Experience
N 68F 6 weeks 1 year Experience
N 60G 3 days 1 year Experience
o 68H 4 weeks 1 year Experience
Te M
S 35K 3 weeks 2 years Experience
- 35N 5 weeks 2 years Experience
o
;}{ The ~ompetitive phase (FSED) RFP asked responding prime

contractors to submit recommendations for training devices.
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However, a decision was made by the BLACKHAWK Program Manager

(PM), shortly after the award of the FSED contract, to have the
PM for Training Devices (PM TRADE) procure all UH-60A maintenance
training devices. At the time this decision was made, PM TRADE
was a new organization and the Army was encouraging all major
system PMs to use its services. Proposed device designs sub-
mitted during this phase were based on limited access to proto-
type system design specifications and maintenance manuals

prepared in support of GCT.

E. PRODUCTION AND DEPLOYMENT PHASE

During this phase, system deficiencies found in previous
testing are corrected, operational units are trained, equipment
is procured and distributed, and logistic support is provided.
The primary objective is to produce and deliver to ar. operating

unit an effective, supportable system.ll

Figure I1II-7 illustrates system and MPT related events iden-
tified in the LCSMM for the Production and Deployment Phase ver-
sus those actually accomplished according to available data for
the UH-60A Program.

1. Initial Operational Capability Force Development Test and
Experimentation (IOC-FDTE)

As a result of early type classification of the UH-60A in

December 1976, the PM initiated action to delete the requirement

11 LCSMM, page 2.
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for further operational testing. However, in order to address

unresolved issues raised during the 1976 GCT and assess RAM on

production aircraft, plans were made for an I10C~FDTE.

The test was conducted by the U.S. Army Aviation Board in
the IOC unit at Fort Campbell, KY from 4 June to 15 October 1979.
Data from the test was used by the ASARC IIla to aid in making
the decision to award a fourth year production contract to

Sikorsky.

Testing found that aviator and maintenance training of
test players in the IOC unit was adequate and that only minor
manpower changes needed to be made in the test TOE under which
the IOC unit was organized. The FDTE test report called for
deletion of the one authorized MOS 55B (Ammunition Storage
Specialist) due to the limited quantities of ammunition handled i
by the Air Assault Division CSAC. It suggested deletion of MOS
60H (Aircraft Pneudraulics Repairer) since the one task specified
for that MOS at AVUM level--operational check of the hydraulic
system--could be performed by an MOS 67T. The report also recom-

mended deletion of MOS 68M (Aircraft Weapon System Repairer)

because there were no helicopter mounted weapons assigned to the
CSAC which required repair at AVUM level. While the MOS 68M was |
deleted from the test TOE in November 1980, one each MOS 55B and
MOS 68H remained authorized on the basis of operational

experience of the IOC unit subsequent to FDTE.

The FDTE test report recommended a net increase of four

personnel in the test TOE. Specific quantitative manpower

....................
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?ﬁ- modifications recommended are summarized in paragraph 2.e. below.
ﬁﬁ- Other findings which impact on MPT requirements and HFE are as

{ follows:

A

":\‘l

- o Mission reliability criterion of .982 was not met;

;} achieved .961 reliability at 75% confidence level.

©0 Operational availability criterion of .80 was not met;
achieved .755 availability.

g
LI

Mission Flexibility Kits (MFK), Peculiar Ground Support
Equipment (PGSE), and Test, Measurement and Diagnostic
Equipment (TMDE), not examined during DT/OT II, received
only partial evaluation during FDTE and require further
testing.

“ '|l|
o)

4
N
(o)

Passengers equipped with back packs have to sit on the
forward edge of the seat, causing discomfort and negat-
ing the crash attenuation properties of the seat.

[J

The door gunner must leave his seat in order to fire the
aircraft mounted M60 Machine gun; positioning of the
weapon also makes reloading difficult and time consuming.

LV )
(o]

b o Pilot/copilot outside visibility during deceleration
attitudes is difficult.

‘s
e

o Verbal and visual communications are poor between the

‘5Q aircraft crew and gound crew during external load
v missions.
o High noise levels were experienced in passenger compart-
" ment.
~7
2
- 2. Manpower Requirements.
o a. MOS Decisions.
.t
l;ﬁ In August 1977, the U.S. Army Military Personnel Center
"
:f .. (MILPERCEN) announced approval of a new enlisted MOS 67T
?Z (Tactical Transport Helicopter Repairer) dedicated to supporting
e
» the UH-60A helicopter at both AVUM and AVIM maintenance levels.
ié
o

.\..
.\‘
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{f Although a separate MOS had been recommended in the July 1976
FQQPRI, MILPERCEN initially considered awarding a Special

Qualification Identifier (SQI) to the UH-1 repairer (MOS 67N)

2; after appropriate transition training. Following strong objec-
4 tions by bc:h the materiel and combat developers concerning the
‘ lack of commonality between UH-1 and UH-60A maintenance tasks and
: the difficulty of managing MOSs by SQI, the new MOS was
.Y
,: established.
“
‘:I In 1977, there were two MOS decisions that affected
¥
:? the UH-60A qualitative requirements, although they were not
T
Y directly related to the UU-60A development. First, MOS 68E
pos (Aircraft Rotor Repairer) was eliminated and duties divided
-
ftj between the Powertrain Repairer (MOS 68D) and the Structural
.4
Repairer (MOS 68G). Secondly, MOS 35N (Avionic Flight Control
ﬁQ Equipment Repairer) was eliminated and the duties assumed by the
ﬁ; Avionic Navigation Equipment Repairer (MOS 35M).
< b. Table of Organization and Equipment (TOE)
N Development.
A)
$S The combat developer (TRADOC), faced with the require-
>,
-
. ment for developing the UH-60A TOEs, lacked confidence in the
Ej estimated quantitative maintenance manpower requirements in the
~l
,ﬁ BOIP; recall that they were derived from unreliable Direct
~l
a3 Productive Annual Maintenance Manhour (DPAMMH) estimates in the
Jg PQQPRI/AFQQPRI and then adjusted by some unknown "factors". The
:g combat developer attempted to obtain updated maintenance manhour
;’ data from the U.S. Army Materiel Readiness Support Activity (MRSA),
e
-~
"~
32
. 49
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a subordinate element of the U.S. Army Materiel Development and

Readiness Command (DARCOM).

The MRSA maintains and provides TRADOC access to a data base
which reports DPAMMH on Army equipment. For those systems under
development or in the early stages of fielding, LSAR information
is included in the data base as the best available. 1In the case
of the UH-60A, however, no LSAR data was found. instead, a
letter on file at MRSA indicated that LSAR information would be

available for inclusion in the data base by July 1982.

Given these circumstances, the U.S. Army Infantry Center
(USAIC), proponent for the Combat Support Aviation Company (CSAC)
TOE, obtained an estimate of DPAMMH by MOS directly from the
UH~60A Project Manager's office in January 1980, and used it to
compute the guantitative maintenance manpower requirements for
the CSAC TOE which was approved by HQDA. That estimate was based
on the latest LSAR data, "factored" by some preliminary mainte-
nance data collected from the Initial Operational Capability

(IOC) unit and professional judgment.

At about the same time, the U.S. Army Academy of Health
Sciences, proponent for the Air Ambulance Company (AAC) TOE,
obtained a different estimate of DPAMMH by MOS from TRADOC
Headquarters, the original source of which could not be deter-
mined. That estimate was then used to compute maintenance man-

! power requirements for the AAC TOE which was also approved by

h HQDA.
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A Subject Matter Expert (SME) in the Organization Division,

Deputy Chief of Staff, Combat Developments, U.S. Army
Transportation School, indicated that a decision had been made
sometime in 1980 to use the UH-1H helicopter MACRIT data in AR
570-~2 for MOS 67N and all MOS 68 positions as the basis for com-
puting TOE manpower requirements for the UH-60A. The approved
CSAC and Air Ambulance Company TOE, reportedly reviewed by the
Transportation School, did not reflect that decision. A SME in
the Organization Division, Force Development and Evaluation
Directorate, U.S. Army Logistics Center indicated that the TRADOC
MACRIT data base maintained by that office also did not reflect

that Transportation School decision.

Table III-4 compares the different estimates of DPAMMH/FLT
HR used to compute TOE manpower requirements for MOS 67T and

several MOS 68 skills at AVUM level.
TABLE III-4

DPAMMH/FLT HR Estimates
for Computation of UH-60A TOE Manpower Reguirements
(Selected MOSs)

MOS _ PM Estimate TRADOC Estimate UH-1H MACRIT
(Jan 80) (Jan _80) (AR 570-2)
67T 1.98 .94 2.94(67N)
68B .22 .07 .14
68D .12 .07 .10
68F .11 .03 .03
68G 10 .05 .14
68H .09 .06 .03
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¢c. Grade Sustainability - MOS 67T.

A sustainable MOS is one which has sufficient lower grade
positions to allow for attrition, and acquisition of proficiency
and experience; to provide promotion selectivity to the next
higher grade; and to produce the quality and guantity required at
the next higher grade. A sustainable MOS structure is generally
pyramidal in shape with a reduced number of personnel authorized
at each successively higher skill level. An MOS is generally
considered to be unsustainable when authorizations at a higher
grade exceed authorizations at the next lower grade, thereby
demanding a continuation rate in excess of 100 percent to satisfy
requirements. In a 1980 study of the Army Aviation Maintenance
Career Management Field (CMF) 67, HQDA concluded that there were
grade sustainability problems in CMF 67 generally, and specifi-
cally cited the UH-60A CSAC Company TOE as an example. Figure

III-8 graphically dipicts the MOS 67T grade structure in a CSAC.
d. Manpower Analysis Paper (MAP) III.

The combat developer (TRADOC) prepared a MAP III in
October 1979 which assessed the aggregate quantitative personnel
impact of fielding the UH-60A during the period FY 80-85. Using
a proposed UR-60A distribution plan and net changes by Career
Management Field (CMF) for each applicable TOE shown in the BOIP,
the analysis predicted a net decrease of about 900 spaces over
the 6-year period, attributable to UH-60A fielding. The
greatest predicted reduction was in CMF 67, due primarily to

replacement of 23 UH-1 aircraft in the CSAC with 15 UH-60A.
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e. Manpower Comparison.

Table III-5 provides a comparison of enlisted manpower
by MOS in the Air Assault Division (ASD) UH-1 Assault Helicopter
Company (AAC) TOE with several iterations of the TOE for the Air

Assault Division UH-60A CSAC.

TABLE III-5

UH-1/UH-60A Manpower Requirements Comparison

Air Assault Division (ASD)

UH-60A (ASD)
TOE 7-268 IOC-FDTE
MOS UR-1 TEST FINDINGS TOE-7-269J
AHC (ASD) (APR. 1979) (JAN. 1980) (NOV. 1980)
05B10 1l 1l 1l 1l
31p 0 1l 1l 0
31v 2 2 2 2
35K 2 2 2 2
35P 0 (4] 0 1
36K 2 2 2 2
S4E 0 0 0 1
55B 0 1 0 1
62F 1l 1l 1l 1
63B 7 6 6 6
64C 0 3 3 3 H
67N/T 44 (N) 24(T) 28(T) 24(T)
67W 1 1l 1l 1l
67240 4 3 3 3
6725M 1 1 1l 1l
68 Series 9 9 9 9
71 Series 5 5 5 5
76C 0 0 0 6
76D 5 4 4 0
76W 6 7 7 11
76Y 4 2 3 2
94B 5 5 5 5
\x TOTALS 99 80 84 89
g
wf
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N
o
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3. Training Requirements

a. Resident Training Modifications.

‘During this phase, a number of different estimates of
resident training requirements were made, beginning with the May

1977 training input to the AFQQPRI. 1In January 1978, an Indi-

d N

aﬁ vidual and Collective Training Plan (ICTP) was prepared by

id TRADOC. It outlined basic UH-60A training concepts, divided

— operator and maintenance training responsibilities between

gg various Army service schools, and described proposed courses to
Sﬁ be taught at each. The U.S. Army Aviation Center was given

:1 responsibility for beginning UH-60A pilot training in 1lst Quarter
.%i FY 79. The U.S. Army Infantry Center was charged with providing
:Ei resident training concerning tactical employment of the UH-60A

" beginning in 34 Quarter FY 79, while the U.S. Army Armor Center
;gz was given the same responsibility so far as employment of the

:ﬁi UH-60A in Air Cavalry units was concerned. The ICTP called for
,_L maintenance training to be conducted at the U.S. Army Transporta-
:Eé tion Center, except that avionic equipment maintenance would be
‘;d performed at the U.S. Army Signal Center.

Qi The October 1979 MAP IIl included a section concerning plan-
?3 ned resident training by MOS as did the UH-60A Materiel Fielding
?3 Plan (MFP) published in February 1981. Table III-6 summarizes the
'f; various estimates of UH-60A training requirements for selected
E; enlisted MOSs.

o

o

i

~~

o
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5 TABLE III-6

e Estimates of UH-60A

Resident Training Requirements

X Weeks (W) /Days (D)

- 1974 1977 1978 1979 1981

’ MOS PTTDAR QOQPRI Input ICTP MAP III MFP
N I - I I
& 12W-IET 10W-IET  10W-IET
et 67T 6W 12W-IET 7W-Trans 8W-Trans 8W-Trans
= 67W 4w 3D 1w 1w 1w

Y 68B 2w 2W 2w 3w+ 2W+

i 68D 3w - 2w 3w+ 3w

oA 68F 6w 2w 3w 6W+ 6W
e 68G 3D 2w 1w 1w+ 1w

;q 68H 4w - 2w 3w+ 2w

AT 35K 3w 2w 2w 3w 5W
SO 35N 5W 4w - - -

'J *35M - 9w 9w - -

oy

3¥ IET - Initial Entry Training
[ Trans - Transition Training

R *New MOS which absorbed 35N in Oct. 77.
’Sﬁ‘ b. Training Devices

2.

0%

w3 Early in this phase, three small business vendors were
'ﬁf: awarded contracts to develop some 13 different devices. 1In an
ok

j:; effort to have training devices available early, most of the

Vi' them were built using the FSED prototype design specifications,
};- and did not include numerous system design changes made early in
o~
QEE the production phase on the basis of GCT results. Further, since
P PM TRADE procured the devices, they were not subject to type
e - classification action; consequently, there were no formal proce-
.I:,'I:

}Z: dures for applying system Engineering Change Proposals (ECP) to
‘c‘.‘-
ﬁﬁ them.

g

%
f'-':
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In May 1981, PM TRADE agreed to fund a survey to deter-
mine the upgrade requirements for all UH-60A maintenance training
devices, but the question as to who would fund the actual modifi-
cations was left unanswered. Until about 2 years ago, Other
Procurement, Army (OPA) funds could be used to modify aviation
system training devices, except for flight simulators. Then,
HQDA made a decision that all aviation system devices would be
procured, modified, and upgraded with Aviation Procurement, Army
(APA) funds. PM TRADE had no APA budget line for devices other
than flight simulators. HQDA, in November 1981, provided PM
TRADE an appropriate APA line number, and funds became available

in the lst quarter, FY 83 to beqin upgrading of the UN-60A main-

tenance training devices.
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IV. DETERMINATION OF MPT REQUIREMENTS - ANALYSIS

A. INTRODUCTION

As discussed in Sections II and I1I, the UH-60A Program has
not followed the acquisition pattern outlined in the Army's
LCSMM. The skipped Conceptual and Demonstration/vValidation
Phases are examples of how the program departed from the
suggested LCSMM process. Such deviations from "standard” are
neither unusual nor necessarily damaging to a system development
program, as long as the acquisition community takes steps to
ensure that critical events are not overlooked and to compensate

for those steps that are bypassed.

The key to making the process work, particularly when the
LCSMM is significantly modified, is communication. Clear,
continuous, and multiple lines of formal and informal communi-
cation should be established early in the acquisition process
between counterparts representing the materiel developer, combat
developer, tester, and contractor(s). While simple enough in
theory, this seems to rarely happen in actual practice. Often,
equivalent counterparts either do not exist or, at best, are hard
to find in all segments of the heterogenéous acquistion community
for a given system. Organizational and geographical separation
combined with inequalities among counterparts in such areas as
experience, training, grade level, organizational depth, program

priority, and assignment stability also weaken communication

effectiveness and consistency.




- The UH-60A Program has not been immune to this problem.

Underlying most of the issues addressed in this analysis is
evidence of either good or poor communication, depending on how

the issue was handled.

B. HUMAN FACTORS ENGINEERING

How well soldier and machine interface in any new system is
largely a function of how well and how early human factors
engineering is integrated into the total system design. This is
not to imply that full or even prime responsibility for effective
Soldier-Machine Interface (SMI) falls on the shoulders of the
Human Factors Engineer working for the system contractor. On the
contrary, the ultimate responsibility for ensuring good system
SMI rests with the Army itself. The Army acquisition community
generally and the combat developer or other appropriate user
representative specifically should become aggressively involved
in the initial process of defining a new system. Hardware
description ought to include HFE/MPT requirements and

constraints to be considered in the basic design.

The second and more difficult step is articulation of con-
straints and/or requirements to contractors in precise language
that can be both understood and applied during the design
process; simple reference to military standards and specifica-
tions is not enough. It can be argued that detailed specifica-
tions dampen design initiative and imagination and lead to de-

velopment of systems which are inferior to those designed with
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relatively few constraints. The counter argument is that life
cycle cost considerations, in terms of both dollars and people,
require that contractors be given some specific criteria concern-
ing operation and maintenance of proposed systems. Otherwise, a
contractor might design a highly capable and even cheap to pro-
duce system, but one which can be neither operated nor maintained

by projected available manpower (quantitative or qualitative).

Language in RFPs and contracts related to MPT/HFE require-
ments/constraints, in addition to being definitive and precise,
should be adamant and enforceable. In RFPs, for example, HFE/MPT
issues ought to be specifically and significantly weighted in the

source selection criteria.

As pointed 6ut in Section III. D.2., supra, HFE for the
UH-60A was emphasized in the RFP and contractual documents by
requiring contractors to perform specific HFE tasks, and submit
HFE reports. The PM Office indicated that, in addition to the
contractual HFE requirements, design reviews of prototype mock-
ups in the FSED phase were done at the airframe and engine fac-
tories using soldiers from units in the field. Although no
documentation of this effort could be found, Subject Matter
Experts (SMEs) interviewed for this study agreed that it was an
effective technique for integrating HFE into system design.
These efforts did not produce perfect compatibility between man
and machine in the functioning of all the complex components of

the system (see Section III.E.l., supra). However, they did

60
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- reduce the number and magnitude of HFE problems experienced in
o the overall development of the UH-60A when compared to such

problems experienced during the development of like and similar

LA i

aviation systems as well as other systems examined during this

Y ANNNAN

A b Yyt

study, e.g., AN/TTC~39 and FIREFINDER programs.

£

The Army developed well defined Reliability, Availability,

a & 4 F
N

»
.
.rn

and Maintainability (RAM) criteria for the tactical transport
helicopter, and placed high priority on achievement of those RAM
goals by competing contractors in the FSED phase. As a result,
- RAM considerations contributed as much or more than did the HFE
W program itself to an aircraft design characterized by effective

soldier-machine interface.

él There was no evidence that the US Army Human Engineering

i Laboratory (HEL) provided any HFE assistance or advice to either
the PM or contractors during the FSED phase. Further, no Human
Factors Engineering Analysis (HFEA) was ever performed concerning
the UH~-60A. Had HEL supported tbe UH-60A program, it is reason-
able to assume that the HFE effort might have been even more suc-
cessful than it apparently was. For example, it is possible that
some of the HFE shortcomings discovered on production aircraft

2O during FDTE might have been highlighted earlier and corrected

before delivery to the IOC unit.

C. QUALITATIVE MANPOWER REOUIREMENTS

? There is no reliable standard set of tools/techniques for

determining qualitative manpower requirements for new Army
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i}ﬁ systems; however, a number of research initiatives are underway
.'_*,f:".

_L:_ to develop such a methodology. Currently, Subject Matter Experts
- (SME) in the Army's materiel (DARCOM) and combat (TRADOC)

A

;ié development communities independently estimate gualitative

o

W requirements using a variety of criteria such as professional
-~y judgement; operational and maintenance experience with like or
\..'\‘

3&' similar systems; the existing MOS structure; and when available,
T$ﬁ3 task and skill analyses generated either by LSA or other similar
- processes. The qualitative estimation process is initiated by

'{? the materiel developer and documented in a QQPRI.
b In the case of the UH-60A program, qualitative manpower
w5 .
S requirements have remained relatively unchanged since the first
N
;u; documented estimate was made in the July 1976 FQQPRI. That
' circumstance can be partially attributed to the factors cited
e below.
o
L
b o The FQQPRI was developed late in the FSED phase where a
- great deal more was known about the aircraft design.
A Had a QQPRI been prepared early in the FSED phase, its
oy qualitative estimate of manpower may not have been as
NN accurate.
.,;.".\
fﬁﬁ o Although significant technological advances are
” reflected in the UH-60A design, the UH-60A helicopter
s is replacing a like and similar system (UH-1).
N
uSe o The UH-60A specifications provided to contractors at
{3: ) the beginning of the FSED phase were more detailed and
Y specific than those normally given to new system
— contractors.
o ©  Most UH-60A Subject Matter Experts (SME) in both the
Q3~ materiel (DARCOM) and Combat (TRADOC) development com-
N munities had significant prior aviation experience
:§q and familiarity with the aviation community.
;41 o A task and skill analysis was performed by the contrac-
}Q tor and documented in the 1974 PTTDAR; it provided a
o,
R
>
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reasonable basis for government estimates of gqualita-
tive requirements in the July 1976 FQQPRI.

D. QUANTITATIVE MANPOWER REQUIREMENTS

l. General

The tools and techniques for determining quantitative man-~
power requirements are no more standard or analytically sound
than those in use for estimating qualitative needs. Quantitative
estimation techniques currently in use include professional judg-
ment, particularly for operator positions; operational and main-
tenance experience with like or similar systems; 0&0 concepts,
including usage and displacement rates; and for maintenance
requirements, DPAMMH, either estimated or generated by the LSA
process, in combination with factors provided in AR 570-2, Man-

power Authorization Criteria (MACRIT).

The quantitative process, like the qualitative, is initiated
by the materiel developer (usually a subordinate Materiel Deve-
lopment and/or Readines Command (MDC/MRC) within DARCOM, e.g.,
Army Aviation Research and Development Command in the case of the
UH-60A) through preparation of a QQPRI. Quantitative inputs to
the QQPRI include an estimate of direct operators needed to make
up a single shift crew, and DPAMMH by MOS and level of main-
tenance for each system component. Except for the direct crew
size, the materiel developer makes no independent estimate of
quantitative manpower requirements. The combat developer

(usually a proponent school within TRADOC, e.g., the U.S. Army
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Infantry School in the case of the UH-60A) makes the quantitative
estimate using data from the QQPRI, and employing some com-

bination of the nonstandard tools listed above. The quantitative
estimate is then documented in a BOIP which lists changes in man-
power by MOS and grade required in each Army organization slated

to receive the system.

2. Manipulation of UH-60A DPAMMH.

As discussed in paragraph III.E.2.b., and illustrated in
Table III-4, supra, there are a number of widely divergent esti-
mates of Direct Productive Annual Maintenance Manhour (DPAMMH)
data which could be used to calculate UH-60A maintenance manpower
requirements. The effect of using these inconsistent DPAMMH in
the manpower formula is significant. The impact can be best
demonstrated in the computation of MOS 67T (Tactical Transport
Helicopter Repairer) requirements for a notional UH-60A CSAC
using various DPAMMH per Flight Hour (FLT HR) and the MACRIT for-
mula provided in AR 570-2. Table 1IV-1 summarizes the results from

such computations.

The computations in Table IV-1 were based on the following

assumptions and formula:

o Aircraft Density (AD) = 15

!!5 . o Annual Flying Hours (AFH) = 828
- o Indirect Productive Time Factor (IPTF) = 1.4

o Available Annual Productive Manhours (AAPMH) = 2700
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L) DPAMMH/FLT HR = Variable

o No adjustment made for flying crewchief

o Number of Positions (Nr Psns) =

DPAMMH/FLT HR x IPTF x AFH x AD
AAPMH

TABLE IV-1

MOS 67T Positions For Notional UH-60A
CSAC Using various DPAMMH/FLT HR

DPAMMH/FLT HR Source Nr Psns

0.57 QQPRI 4
(Nov. 76)

1.98 PM Estimate 13
(Jan. 80)

0.94 TRADOC HQ Est 6
(Jan. 80)

1.61 LSAR 10
(Jan. B2)

2.94 UH-1H 19
(AR 570-2)

A fundamental problem in determining specific TOE main-

XALAN
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5‘ - tenance manpower requirements for any materiel system is that the
= DPAMMH, a key element in the equation, must be based on either
A

p@ Logistic Support Analysis Record (LSAR) estimates or existing
A"

t'ﬂ Manpower Authorization Criteria (MACRIT) for a similar system
A

3” provided in Army Regulation (AR) 570-2 (MACRIT). Development of
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TOE cannot be delayed until sufficient field maintenance data is

collected and validated by a MACRIT study for the new systeﬁ.

The decision to use either LSAR estimates or similar system
MACRIT data, if available, is a difficult one. The acquisition
community generally regards LSAR estimates of DPAMMH as low, and
manpower planners are often reluctant to use the data for fear of
underestimating the true maintenance manpower requirements for
the system. On the other hand, the use of MACRIT data for an
existing similar system, which may be more manpower intensive,
will tend to nullify any projected manpower savings for the new

system.

The TOE development problem is further complicated by the
fact that the low manpower estimates, based on LSAR data, are
traditionally used in documents such as the Basis of Issue Plan
(BOIP) and Manpower Analysis Paper (MAP). Data from these docu-
ments are used during ASARC/DSARC reviews and the Program
Objective Memorandum (POM) process, and can lead to overly opti-
mistic estimates of gquantitative maintenance manpower require-

ments.

In the case of the UH-60A, early LSAR data was obviously

-5
Lt

N incomplete and admittedly poor. This is largely attributable to
Aty the fact that LSA, as currently practiced under MIL STD 1388A,
3§§ R was in its infancy and undergoing significant changes during the
Eﬁg early development of the UH-60A. This circumstance was com-

D

? pounded by complete stoppage of LSA by Sikorsky in 1974 because
Ny
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'5;5 of funding difficulties. Although LSA was restarted in 1977, the
%?i{ reliability of the data remained low for some 18 to 24 months
‘531 thereafter.
E%_ In addition to the fundamental difficulty of determining ac-

.‘ curate DPAMMH on the basis of LSAR, there appears to have been a
Qﬁ; lack of effective formal communication between the DARCOM and
Egg TRADOC communities concerning the need to develop a realistic and
_ consistent set of DPAMMH figures to facilitate UH-60A manpower
'éff planning. Such an effort would have been and may still be of
Zgi value in the case of the UH-60A Program since several different
;3 TRADOC schools have proponency for UH-60A TOEs.
iR
ffﬁ 3. Maintenance Requirement.

The UH-60A MN predicted that quantitative maintenance man-

.Egi power requirements should decrease due to lower aircraft density
%E and design requirements for simplified maintenance. Analysis of
_;. data in Table III-5, supra, indicates that there has been a
ié decrease in helicopter repairers (MOS 67T vs MOS 67N) which is
252 generally proportionate to the decrease in aircraft density.

) However, there has been no apparent decrease in manpower require-
%; ments attributable to simplified maintenance. 'In fact, the same
| net number of component repairers (MOS 68 series) called for in

L the UH-1 CSAC are required in the UH-60A CSAC, despite a reduc-
%:; tion in aircraft. This may be due in part to the twin engine
‘.H configuration of the UH-60A vs the UH-1's single engine. Never-
§$, theless, there are no quantitative reductions in maintenance

o
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manpower due to simpler design as predicted. Further, there is

an appreciable increase in the UH-60A vs the UH-1 requirements for
MOS 76W (Aircraft Fuels Handler) which was not foreseen in any
early manpower document reviewed for this study. The predictable
increase is also attributable in part to the twin engine design

of the UH-60A.

4. Door Gunner Augmentation.

Door gunner augmentation positions are classified as MOS
67T, and are based on one per authorized UH-60A aircraft,
excluding those assigned to air ambulance units. The 1980 study
of CMF 67 correctly observed that this results in an inherent
mobilization problem in terms of the total number of personnel
required to fill these positions and the training associated with
qualifying them as skill level 1 helicopter repairers/door gun-
ners. This problem still exists and was not addressed in any

documentation found during this study.

E. TRAINING REQUIREMENTS

1. General.

A credible estimate of training requirements (course length &
content) for a new system is possible only if the prediction of
qualitative operator and maintenance manpower is accurate. The
two are inexorably linked, thereby suggesting that the combat
developer (TRADOC proponent school) should be the key participant

in the process of performing both appraisals.
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Within the acquisition community, a proponent school for any
given CMF is theoretically in the best position to know all the
dynamics affecting MOSs in that CMF, e.g., other new systems
planning to use the same MOS, training shortfalls reported by
field units, CMF restructing studies, and difficulties in meeting

training projections (input or output).

2. Combat Development Proponency - Aviation Systems.

As a rule, the proponent school for the CMF(s) most directly
involved in operation and/or maintenance of a given Army system
is assigned primary MPT requirements determination proponency for
the system as well. Aviation systems, however, are often excep-

tions to that rule.

In the case of the UH-60A, the proponent school is the U.S.
Army Infantry Cente} (USAIC), Ft. Benning, GA, which has no
responsibility for training any CMFs involved in either operation
or maintenance of the system. Since the UH-60A is primarily
an infantry squad carrier, USAIC does conduct training concerning
loading, unloading and tactical employment of the UH-60A. System
operators (aviators) are trained at the U.S. Army Aviation
Center, Ft. Rucker, AL. Primary maintainers (CMF 67) are trained
at the U.S. Army Transportation Center, Ft. Eustis, VA, and
avionics repairers (CMF 29) are trained at the U.S. Army Signal

Center, Ft. Gordon, GA.

Assignment of combat development proponency to a school hav-

ing no operator/maintainer training responsibilities, and thus no




first hand working knowledge of aviation training requirements,
does not appear to have had an adverse effect on the process of
determining UH-60A training requirements. Nevertheless, centra-
lization of aviation system proponency within TRADOC cannot help
but improve the efficiency of overall MPT planning for new
aviation systems, particularly in the area of calculating gquan-

titative maintenance manpower requirements.

3. Training Estimate Accuracy.

Analysis of various maintainer MOS training estimates
illustrated in Table III-6, supra, indicates fairly consistent
predictions, over time, concerning the lengths of UH-60A training
courses. In building a case for a separate UH-60A repairer MOS
(67T), the acquisition community emphasized the dissimilarity
between maintenance of the UH-1 and UH-60A. Latest training
estimates, which indicate only two weeks difference in Initial
Entry Training (10 weeks) and transition training (8 weeks) for

MOS 67T, seem to substantiate that premise.

4. Training Devices.

The Army owns a UH-60A composite maintenance trainer and a
number of other part task maintenance training devices, all built
to pre-production phase design specifications. As pointed out in
paragraph III.E.3.l1l., supra, not one of the many design changes,
which have been made to the aircraft since early in the produc-

tion phase, had been applied to these devices as of the end of FY

82.
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Since no UH-60A maintenance training device the Army owns
resembles the aircraft component(s) it presumes to replicate for
training purposes, training quality has been adversely affected.
A Subject Matter Expert (SME) at the U.S. Army Training Support
Center (ATSC) estimated that, overall, the devices were about
30-40 percent effective. A combination of the following factors
contributed to this problem:

(o} Transferring responsibility for procurement of UH-60A
training devices to PM TRADE without either assigning
responsibility or earmarking funds for upgrading the
devices as engineering changes were made to aircraft

during the production phase.

o Restricting bids on the development and manufacture of
devices to small businesses only.

o Failing to provide winning bidders sufficient up-to-
date aircraft design data at the outset of device
fabrication, thereby making the original devices obso-
lete the moment they were issued.
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V. CONCLUSIONS

A. .Precise specification of Reliability, Availability, and

Maintainability (RAM) criteria and emphasis on achievement of RAM
goals by competing contractors led to early consideration of MPT
issues and specific HFE input to the UH-60A design process. As a
result, few HFE deficiencies were identified during the 1976 GCT,

and early qualitative manpower estimates proved to be very

accurate.

B. Suspension of formal Logistic Support Analysis (LSA) by
Sikorsky from the middle of the FSED phase (1974) until the
beginning of the Production phase (1977) hindered the Army's abi-

lity to predict quantitative maintenance manpower and training

requirements. Specifically, predictions of DPAMMH for MOSs at
both AVUM and AVIM levels were based on weak and incomplete LSA,
thereby reducing the reliability of early quantitative estimates.
This situation was compounded by the fact that initial DPAMMH
reported in the July and November 1976 QQPRIs were never formally

modified by improved LSA and published in amended QQPRIs.

C. Low confidence of manpower planners in the DPAMMH data pro-
duced by early LSA, the lack of a central Army authority for new
system manpower planning, and failure of combat developers to
clearly communicate and coordinate with counterparts in the
materiel development community and among themselves, led to the
uncoordinated use of at least three different estimates of

"factored" DPAMMH in the computation of UH-60A quantitative main-

tenance manpower requirements.
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D. Early predictions in the MN concerning quantitative main-
tenance manpower requirements for the UH-60A were inaccurate.

The predicted decrease attributable to design requirements for
simplified maintenance and longer component life was not balanced
against the twin engine configuration of the aircraft. In a CSAC
where 15 UH-60A aircraft replace 23 UH-1H helicopters, the total
number of aircraft component repairers (MOS 68 series) remains

the same.

E. Procurement and upgrading of UH-60A maintenance training
devices was poorly managed, and has resulted in degradation of

maintenance training quality (CMFs 67 and 29).

F. Manpower, Personnel, and Training requirements attributable
to operation and maintenance of Mission Flexibility kits (MFK),
Peculiar Ground Support Equipment (PGSE), and Test, Measurement
and Diagnostic Equipment (TMDE) were still not fully known at the
time the helicopter was fielded. Due in part to acceleration of
the UH-60A acquisition program (first two phases bypassed),
operational testing of the MFK, PGSE, and TMDE was not possible
prior to system fielding, and the Force Development Test and

Experimentation done at IOC only partially evaluated these items.

...................................
............
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APPENDIX A

MAJOR MPT RELATED REFERENCES

POLICIES & PROCEDURES

Department of Defense

DoD Directive 5000.1, Major System Acquisition

DoD Directive 5000.39, Acquisition and Management Support for
Systems and Equipment

DoD Instruction 5000.2, Major Systems Acquisition Process

ASD(MRA&L) Memorandum, "Manpower Analysis Requirements for System
Acquisition", August 1978.

MIL-STD-1388 Logistic Support Analysis, October 1973

Proposed MIL-STD-1388A, Weapon System and Equipment Support
Analysis, November 1981 (Draft)

MIL-STD-1472B, Human Engineering Design Criteria for Military
Systems, Equipment, and Facilities, December 1974

MIL-H-46855B, Human Engineering Requirements for Military
Systems, Equipment, and Facilities

Department of the Army

AR 1-1 Planning Programming and Budgeting Within the
Department of the Army
AR 10-4 US Army Operational Test and Evaluation Agency
AR 10-5 Department of the Army
AR 10-11 IS Army Materiel Command
AR 10-25 US Army Logistics Evaluation Agency
AR 10-41 US Army Training and Doctrine Command
AR 11-4 System Program Reviews
AR 11-8 Principles and Policies of the Army Logistic System
AR 15-14 Systems Acquisition Review Council Procedures
AR 70-1 Army Research, Development and Acquisition
AR 70-2 Materiel Status Recording
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70-10

70-16

70-27

70-61

71-1

71-2

71-3

71-9
71-10

310-31

310-34

310-49
350-1

AR 350-10

AR 350-35

AR 570-2

AR 602-1

5

2 5 % &

611-1

611-201
70-18
700-127
702-3

Test and Evaluation During Development and
Acquisition of Materiel

Department of the Army System Coordinator (DASC)
System

Outline Development Plan/Development Plan, Army
Program Memorandum/Defense Program Memorandum/
Decision Coordinating Paper

Type Classification of Army Materiel

Army Combat Developments

Basis of Issue Plans

User Testing

Materiel Objectives and Requirements

Department of the Army Force Integration Staff
Officer (FISO) System

Management System for Tables of Organization and
Equipment (The TOE System)

Equipment Authorization Policies and Criteria, and
Common Tables of Allowances

The Army Authorization Documents System (TAADS)
Army Training

Management of Army Individual Training Requirement
and Resources

New Equipment Training and Introduction

Organization and Equipment Authorization Tables -
Personnel

Human Factors Engineering Program

Military Occupational Classification Structure
Development and Implementation

Enlisted Career management Field and MOSs
Provisioning of U.S. Army Equipment

Integrated Logistic Support

Army Materiel Reliability, Availability and
Maintainability (RAM)
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AR 750-1 Army Materiel Maintenance Concepts and Policies
AR 750-43 Test, Measurement, and Diagnostic Equipment
AR 1000-1 Basic Policies for Systems Acquisition

DA PAM 11-2 Research and Development Cost Guide for Army
Materiel Systems

DA PAM 11-3 Investment Cost Guide for Army Materiel Systems

DA PAM 11-4 Operating and Support Cost Guide for Army Materiel
Systems

DA PAM 11-5 Standards for Presentation and Documentation of
Life Cycle Cost Estimates for Materiel Systems

DA PAM 11-25 Life Cycle System Management Model for Army Systems

DA PAM

700-125 Integrated Logistics Support (ILS) Management Model
and Glossary

Army Modernization Information (AMIN), 1979, 1980, 1981.

U.S. Army Training and Doctrine Command (TRADOC)

TRADOC Reg 11-1 Manpower Analysis and Force Structuring in the
Combat Development Process

TRADOC Reg 11-8 Combat Development Studies
TRADOC Reg 71-9 User Test and Evaluation

TRADOC Reg 71-12 Total System Management - TRADOC System
Manager (TSM)

TRADOC Reg 71-77 Unit Reference Sheets

TRADOC Reg 350-4 The TRADOC Training Effectiveness Analysis
(TEA) System

TRADOC Cir 351-8 ICTP for Developing Systems

TRADOC PAM 70-2 DARCOM/TRADOC Materiel Acquisition HDBK,
January 1980

TRADOC PAM 351-4 Job and Task Analysis Handbook, August 1979.

U.S. Army Materiel Development and Readiness Command (DARCOM)

DARCOM HDBK 700-1.1-81 1ILS primer (lst and 2nd Editions)

DARCOM HDBK 700-2.1-81 LSA, December 1981
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DARCOM PAM 70-2 DARCOM/TRADOC Materiel Acquisition HDBK,
January 1980

STUDIES
Betaque, Norman E., Jr. et al, Manpower Planning for New Weapon

Systems, WN ML 801-1 Through WN ML 801-9. Logistics Management
Institute. July - December 1978.

Blanchard, George S. & Kerwin, Walter, T., Man/Machine Interface-
A Growing Crisis, Army Top Problem Areas, Discussion Paper Number
2, U.S. Army Materiel Systems Analysis Activity, August 1980.

Bonder, Seth, A Review, of Army Force Modernization and
Associated Manpower, Personnel, and Training Processes, Work
Paper PUTA 81-2, ARI, January 1981.

GAO, Effectiveness of U.S. Forces Can Be Increased Through
Improved Weapon System Design, Report Number PSAD-81-17, January
29, 1981.

HQDA, Office of the Chief of Staff, BOIP/QQPRI Task Force Report,
9 January 1980.

0'Connor, Francis E., et al, MLRS ~- A Case Study of MPT
Requirements Determination, 30 November 1982.

Q'Connor, Francis E., et al, AN/TTC-39 Program -- A Case Study of
MPT Requirements Determination, 31 March 1983.

O'Connor, Francis E., et al, BLACKHAWK (UH-60A) -- A Case Study
of MPT Requirements Determination, April 1983.

O'Connor, Francis E., et al, FIREFINDER -- A Case Study of MPT
Requirements Determination, April 1983.

Rhode, Alfred S., et al, Manpower, Personnel and Training
Requirements for Materiel System Acquisition, ARI, February 1980.

T TP P e L R S N I NN RO R -
IR I A WSSOI AT 0P i S N

-, e - WL - N ST e
S N L M N
.A.hj-f‘l-‘-.;.“‘-.-

6‘-."“7'-‘\:‘




.=

Ca ey
: f..a o LJL."_-

. .W :"".."b.“ i
O WA

A

s "
B
AR
IR
ettt

..... - -
L)

T et e - e e el -
VSN ":E}A?j\;} ROAOSS &A-&f..‘_..:.,..g A e e T P MO N AR N

e s

o

o

SN, T e T e Wy d ol
Y v RN .‘_-‘u_""'f;".'.',v_i';- i g S v-y-'_‘_g"‘;‘.-.;.w‘-v‘-‘ ~ T

......

APPENDIX B
BLACKHAWK (UH-60A) Program Data Collection Sources

(Agencies/Offices)

Headquarters, Department of the Army (HQDA), Washington, D.C.

DA System Coordinator (DASC), Office of the Deputy Chief
of Staff, Research, Development, and Acquisition
(OSCSRDA) .

Force Integration System Officer (FISO), Office of the
Deputy Chief of staff, Operations (ODCSOPS).

Requirements Directorate, ODCSOPS
Training Directorate, ODCSOPS

Army Force Modernization Coordination Office (AFMCO),
ODCSOPS

Manpower Programs and Budget Directorate, Office of the
Deputy Chief of Staff, Personnel (ODCSPER)

US Army Materiel Development and Readiness Command (DARCOM)

lleadquarters, DARCOM, Alexandria, VA

~ Directorate for Development, Engineering & Acquisition
- Directorate for Management

- Directorate for Supply, Maintenance & Transportation

Troop Support and Aviation Materiel Readiness Command
(TSARCOM), St. Louis, MO

BLACKHAWK Program Management Office

Maintenance Engineering Directorate
- Personnel, Training, and Force Development Directorate

Materiel Readiness Support Activity (MRSA), Lexington
Blue Grass Army Depot, KY

- Maintenance Division
- Readiness Division

Human Engineering Laboratory (HEL), Aberdeen, MD
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O Materiel Systems Analysis Activity (AMSAA), Aberdeen, MD
- Combat Support Division

- Reliability, Availability, and Maintainability
Division

US Army Training and Doctrine Command (TRADOC)

0 Headquarters, TRADOC, Ft. Monroe, VA
- Deputy Chief of Staff, Combat Developments
- Deputy Chief of Staff, Training

o US Army Aviation School, Ft. Rucker, AL
- TRADOC System Manager (TSM), BLACKHAWK (UH-60A) Program

o US Army Infantry School, Ft. Benning, GA
- Combat Developments Directorate

o US Army Transportation School, Ft. Eustis, VA
- Combat Developments Directorate
- Training and Doctrine Directorate

o Soldier Support Center - National Capital Region
(SSC~NCR), Alexandria, VA

- Military Occupational Development Directorate
- Personnel Resources Analysis Directorate
0 Logistics Center, Ft. Lee, VA

o Training Support Center, Ft. Eustis, VA

US Army Operational Test and Evaluation Agency (OTEA), Falls
Church, VA

Sikorsky Aircraft Division, United Technologies Corporation,
Stratford, CT

o BLACKHAWK Program Division

-
o
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APPENDIX C

UH-60A (BLACKHAWK) PROGRAM

{ DOCUMENTATION REVIEWED

System Requirements/Decisions
= Decision Coordinating Paper (DCP) #13, June 1971, HQDA
::_ DSARC 1/1I Minutes, May 1971, OSD
Eg Draft Cover Sheet #1 to DCP #13, HQDA
- Materiel Need (Engineering Development), February 1972, HQDA
’: DCP #165, November 1976, HQDA
;:~:. ASARC III minutes, November 1976, HQDA
-iu Secretary of Defense Decision Memorandum (DSARC III), January
. 1977, OSD
1 DCP #13, November 1977, HQDA
1 ASARC IIIA minutes, October 1979, HQDA
1i} Contractual
E: Request for Proposals (Extracts), December 1971, Army Material
A Command

) Attachment 2: Systems Specification with revisions
. ('75 and '76)

o Attachment 3: Reliability Program Requirement

= Attachment 4: Maintainability Program Requirement
- Attachment 5: Logistic Management Requirement

- Attachment 10: Human Factors Engineering (HFE)

2 Statements of Work for Basic Engineering Development Phase
o (Extracts), Sikorsky, July 1972

Attachment 4: Contractor Recomm=nded Support Plan.
Attachment 11: HFE Program

i Statements of Work for Low Rate Initial Production Phase

o~ (Extracts), Sikorsky, November 1976
7

*} Maintainability Program

N Reliability Program

. : Personnel and Training
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Manpower/Personnel

Personnel, Training, and Training Device Analysis Report
(PTTDAR), Sikorsky,

Initial Submittal: November 1974
First Update: September 1976
Final Submittal: April 1977

Final Qualitative and Quantitative Personnel Requirements
Information (FQQPRI), U.S. Army Aviation Systems Command, July
1976.

Ammended FQQPRI, Aviation Systems Command, November 1976, with
Input and Comments from U.S. Army Infantry, Aviation,
Transportation, and Signal Centers.

Basis of Issue Plan Feeder Data 69-0381-I, Aviation Systems
Command, October 1976

Basis of Issue Plan 69-0381-F, December 1980

Military Occupation Specialty (MOS) Decision, Military Personnel
Center (MILPERCEN), August 1977

MOS Decision, MILPERCEN, November 1979.

Manpower Analysis Paper II1I, U.S. Army training Doctrine Command
(TRADOC), October 1979.

Logistics Support Analysis Record (LSAR) Summary Report #01,

*"Direct Annual Maintenance Manhours by Skill Specialty Code and
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Training
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Individual and Collective Training Plan (ICTP), TRADOC, January
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New Equipment Training Plan (NETP), DARCOM, 31 May 1981.

Test and Evaluation

Independent Evaluation Report (IER) of Development Test II, U.S.
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Board, January 1980.

Miscellaneous
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TOE (TEST) 07-268TFCO0l, Combat Support Aviation Company (CSAC),
1979

TOE 07-269J000 (CSAC), 198l

r 5o 0

S

LINCR N 2% S
LSl

% ISy

TOE 07-2573100 (CSAC-Division 86), 1982.

Pan
A2,

[ A
‘:i:pln‘-
)

-?qlﬁég
" 75
-L.L"L

)

oA
LN

“BE:

."
'

L4

2

.
W

‘v _% ‘.,:, -_‘.\'a_'-.' “* \"\1 v‘.\-"-_ ..... PRV R S . S T O . .
Mi’dud..ihﬂﬁ.i..!:-.a“,{:x.ﬂa?;.'tﬁ' O AR T N T T e e T T e 1




RN A

9

Away sn ‘3jeis 3o 3IL1yd--vsd

9s1019%y 3Is0d puewwod--XdD
dnoio 10s8s905014 [BAJUIDI--9H4D
893 SAT3Ua0UI snd 31s0D--J41dD
983 paxtd snid 3Is0D--44dD
§93€3S pIajTul Tejuaurliuod--SNNOD
£37and098 SUOT LD TUNWWOD--IISWOD
sysdA1euy
§S3UaAT30933d Teuorjeiado pue 3ISOD--¥30D
Auay ay3z 3o aar1013dwod--v0D
SINOYUL SOUBUSJUTEW SATIODII0D--HWWO
piand juswabeuew i1939a1RD--JWD
juswabeuey uOTIRINDTIUOD--WD
wo3sLs aTo1YaA LaTeaed--AJdD
abeyord uorjzernwiog 3daduod--440
juawdinbg poysiuingd 1030IJUOD--HID
Mma1AY
IeUOT3IOUNJ SOTUOIFOI[I-SUOTILD TUNUOD~--YIFD
pueuwmo)
SOTUOI3IOA [T pue SUOTILDTUNWWOD Awiy SN--WOIHD
SOTUOIIDDTH~SUOTILD TUNUWOD -~ -D
JzadoTaaag 3equod-gd
s3juswnoog
sjuswaatnbay psaoiaddy jo borejzed--squvd
dnoxs juswaaoxdul sTsATeuy 3sO0D--9IVYD
I93u8) swIy paurtquo)d Awiy Sn--IOvd
adusb11T93uUI
pue ‘suotjedrunumuio) 3 ‘TO0x3uU0) ‘puruwod--I _D
SUOTRDTUNUMIOD 3 TOIJUOD .c:mEEOU||mU
A1333ed--xu%a
yoeoaddy TedTuyod] 3Isog--vJid
ued 9nssy Jo sised--dI104
anssl JO siseg--10d
uorielyed--Ng
1934001T9H A3T1TIN 09-HN--NMYHIOVIL
Juawdinbg 3s8l ur-3TINd--3119
wa3sdis ia3ndwo) Laajzjedg--sOd
PJBWTJISH 3IsSOD SBulTeseg--3od

SO0URUDIUTEW 3TUN UOTIRTAV--WNAVY

90URUS3UTEN SIBTPAIUWIIIUI UOTIRTAV--WIAVY
¥IomiaN 1e3Thrg dOr3ewoIny--NIQOLAVY
399YS aduaiaIay 3ITUN pPOJRWOINY--SUNVY
193ua) 3jioddng bururex] Away--IS1IV
jusudinbg 3sal otjewolIny--31V
K1333eg
apn31ddy TeuoT3EDOA S3DTAIDS PAWIV--gGYASY
jueld A1ddns uoT3TUNUWY--dSVY
juaudtnbg jo swajl]l 310ddns pa3eTOd0SSY--FOISY
A8TJTIUSPTI TTITYS TeuoTyITPppY--ISV
sd>13s1b0T pue ‘siatejjv aA19say ‘asmoduey
‘asuajaq Jo Kie3l21095 Jue}SISSY--TVIW ‘QSV
aosusab1i1T183Ul
pue ‘suorjedIunumo) ‘013u0) ‘purwwo)d
‘asuajaq 30 Kiel9109g jJuelSISSY-~--1.D°dSY
ITOoUNO) MBT1AdY uotr3tsTnboy wais.y >Eu<|mom<m<
weiboid uorjeniead bururea] Awiv--dIALUV
S90U3T1DS [P1D0S pue jeioTARYUS|
ay3l 303 383IN3TISUT Yoieasady Away--THvY
uotrje(nbay Away--yv
wunpueiowsy weiboad Away--wdy
Auiy-3uawa3Indoi1d UOTIRTAV--YdV
ueld uorjrstubovy--dv
K31A730V stsdAfeuy swalsds Tetradijew Awav--¥YVSWY
SINOYUPW BDOURUSIUTEW TeNUUY--HWWY
WNPURIOCWIW
UOTJPWIOJUT UOTIPZTUIDPOW AWIV--WIWY
I93u9) JusaAuabeuel sdT13s1H607T Away--DWTY
821330
UOTRUTPIOOD UOTILZTUISPOW 30104 AWIY--0DWIVY
sanoy 3yb114 Tenuuy--HIV
K£31AT30Y 3yb113 buraosurbuyg uorleraAy--vIIV
£37A130V 389 Juswdolaasg 3IFeIdITY--YVIAVY
bursseooiad ejzeq oSriewoliny--4av
jusudoiaaag paoueapy¥--Aav
SINOH-UBW SATIONPOId Tenuuy afgelrTeav--HWAVYY
aa13099(q0 uor3lrsynboy pazyaoyjny--ovv

SWANONDVY J0 XY¥SSOTO

a XIaNdddv

FRRAATA | AT
(L] p » *




ueld uorieniead 3jusapuadapul--dal

ueld bututeIl SATIDI[IOD pue TenprAIpul--dLOI

Auay ay3 Jo juswiyiedaq ‘sasjaenbpeod--vadd
Ki1aj3eg

901A19S 3§ saajaenbpeay pue sisjzienbpeaH--SHH

furreautbug siojzoed uewnH--3JH

s1030eg uewny--JH

)¥onil papuedxd AaeaH--JIdH

yonil 1esct3oel L3111qOoW popuedxy AAeoH--LIWIH
I91T1RIL

uoryTunuuy A3T11TqOW papuedxy AAaeaH--IYWIH

K1o0jeaoqe] Hurassuibug uewny Away Sn--T14H

wa3sdg 39)yo0d 310ddng T[eIBUIDH--SYSH

310ddns TeRIBUDH--GD)

jusudinby paystuIng JUSWUIBAOH--FJID
T9POW

SOURUSJUTEK SOTUOIIDOTHY POZI[RIBUID--WWID

35391, 9AT13T132dWO) JURUUISAO0H--1DD

weiboig 3sd9L 1eax SATI--dIXd

1edx [edsIJ--xd

waysds @1o1yaA buraybrg--sad

juadwdolsaag burassuibuy a1eds (Tnd--qasd

14400 t1eutrd--1¥4004

puewuio) §325104 Awiy SN--WODSYOL

uorenieAay uQ-moyToJd--304
waj3sis

buyjaoday SUOISITIW UOTIRZTUIDPOW BOI0J~-SUWWJI

Tenuew pIa3td--Wd

1907330 walsdg uotrjeabajul 92103--0SId
aepey burjeoo] AI1aT113aV LE-DdI/NV

3 aepey butiedoT I1e320W 9¢-Ddl/NY--HIANIJIFYIA
uotjejuau

-t11adxg pue burisay juswdolaaaqg @0103--FLAd

wa3sAg uorirsinboy teo16071010933KW

AI3TTT13IV PTOTJ--SVYWVS

TooUds 3 133u3D AIBTITIAV PIBTJI--SOVd
juswdinbg

3189], 2douevanssy A31[end OTUOIIDI[I~--FIVNDA

Tesodoid abuey) burissuirbumz--4Dd

£31a130¥ Ma71A8y uotrjeZTIOy3ny Juawdinbi--viyva

IS0 uOoT3IdNPOad 3ITun 03 ubisag--23dnid

350D 03 ubrsag--did

(ITIT ‘IT ‘1) 3Isal 3jusawdolaaag--(III ‘IT ‘I) 14

burysal tejuawdoyraasdg--1d

9ba110D FJuswabreuey swaysAs asuajag--IWSd
T11oUNOD

Mma1A9Y uor3TsInboy waisAs asuajaq--d¥vVsSa

31oddng 3199110--S0Q

wnpueIoway wexboid asuaisg--Wdd
sIinoyuep

9dukUdJUTEN TEnUUY SATIONPOId 3IDBITA--HWWYIA

ue1d jusawdoiaa3dqg--4ad

uoT3ONI3SUI dsuaiag Jo 3Juswiaedag--1g0q

9AT3091TQ 9suajadg 3jo 3uawlaedag--agod

asuajag 3o 3juauwjaedag--god

suotjeaadQ Terijsnpuy 3JO 103093110--01d

asuajag 3o Aaejzsadas Lyndag--J90D3sddda
burasouibug

pue yonieasay asuayag 3JO 10309110--3WAQ
uo13T1sINnboy pue ‘juawdoraaag

‘yozeasay 103 3jje3ls 3o 391yd LA3ndag--vqusda

T2uuosidd 103 3j3e3s 3o 331yd LA3ndag--yadsda
sue]d pue

suorjerado 103 jjeis jo 3atyd L3yndag--s4o0soa

s013s1boT 103 jje3ls jo 33TYd £3Indeg--90152d

xadeqg HurjzeUTPIOOD UOTSIDBQ--dDA

Adouaby uorjzedTUNWWOD ISulaIBq--¥Id
I03BUTPI0OD

wajysds Awiy ay3l 3jo 3juawyaedag--Isvd
pueumo) Sssautpeay

pue jusudoraaag 1arT193eW AwIy SN--WYdVd

Lueduwo) uorzetray 33zoddng equod--d¥Sd

Away 8y3 jo juswyzedag--va

weiboig 3I1s9] pPOIRUTIPIOOD--4dJD

s1sdTeuy SS3U3ATIDIIJF bHurtuteil pue 3ISOD--¥YILD

§90UBMOTTV 3O 21QqPL UOCWWOD--YID




uotjenyeag pue 3s3] Teuorieiado--AL0
(III
‘ITI ‘1) 3Is8l Teuorzeaado--(III ‘ITI ‘I)--I10
butyss] jeuorjzerado--I10
asuajoqg jo KAie3eidas ‘s80T1330--S00
Away ay3y jo Kaelszddeg ‘adTII0--¥SO
Auay-3jusauwaindoid iaay3ln--vdo
3daouo) jeuorjezyuebip 3 jruorzeiIaxd0--D00
aoueusjuTe [euor3RZTURDIO--WTO
uerd 3Iuawdoraaag BUTITINO--4dAO
2A1393(q0 4£3111qeded (euorijeaado--000
Kousby A31INnD8S TRUOTIEBN--YSN
wea], bututex] juswudinby MoN--LLIN
ueld butureal juswdinbg mMoN--d13IN
buyuteal juswdinby moN--LIN
a7eday-05-3WT L~ ULOW--HIIW
pooN IelIo3eW--NW
jusud1nbg
uotrjezZIuRbI0 3JO BIqERL UOTILDTITPOW--FOIW
TeAOCUDY udam3ldg SwWT] ULSW--YL.IW
S0URUIIUTEN USOMIDF OSWY] URLW--WIIW
saiInirTeg udoMm3dg SWTJL-ULOW--JdIW
A31aT30¥
33oddng sssuipeay [eTI9jeW Away SN--VSIW
91T1d 90UDI2I3Y OUOISITTW--JUW
puewuwIo) SSaUTpPeadY [9TIFeW--UW
bututea] pue ‘1auuosiaq ‘asmoduepn--JIdW
K31eroeds uotriednoog Axe3TTTW--SOW
SSOUBATIOOJ I JO SINSLOIN~-TOW
wa3lsis 39300y youne] I3TdTIITNW--SYTIW
Abotouyoa] waysds pojeibajul uew--ISIW
ueid burutea]
8 bur3irnaday Ter3ITUI INFOYFATIW--IVIIW

I93ud) TduuosIad LIeITTTW Awav SN--NADUIITIW

pueuo) I3TTSSTIW Away SA--WODIW

ueld burpiatd [eTIOIEW--dJIW

ITH AJTITQIXSTS UOTSSTH--NJIW
JUSWI3V}S poOON JUSWATA UOTSSTW--SNIAW
sysiA1euy butissutbug aoueusjureW--VIW
purumo) juadwdorsaag TeyIdIRW-IAW

si19doraaaq T(eT1I33IBW--gW
abueyD uoT3RINDTIIUOD UOTISSTW--IDN
1adeg ci1sdA1euy aamoduey--dyuW
§S8001d UOTSIOag uo13lT1sInboy [et1I93eW--dAV¥W
BTI9371D uotrjezraoyiny zamoduew--LIdDVW
pueuwo) Awiy 10leW--WODVW
s1sAJeuy ealy UOTISSTW--YVW
uejd 33ioddns O13851H607T--451
paodoay stsdAteuy 3aoddng O13sT1HOT--¥YST
st1sd1euy 31oddng o13S51607--¥ST
uoT3OoNpPOoad TeTITUT B3y MOT--dIy1
juswaxtnbay 193387--¥1
Jautejuo)/pod youneT--3/d4d1
UOTJIBDTJITION JO I8339T--NO1
*sAs uotr3zrsodwo) % 3IN3ONIIS OT13STHOT--SOYSHOT
I93uld) sOT13sTbOT Awiy SN--NIFDO01T
juaweaiby JO 193397--Y01
9INPOW I8peo] Id3yduneT--WiI1
ILqunN Waly |aUuIT--NIT1
KAouaby uotrjenieag sor3siboq Awiv Sn--vdT
19POW JuSWAbRUPW WS3ISAS STOND BITT--WWSD1
dnoao HBUTHIOM JUTOL--OM[
saouemoITd JO alqel JIUICL--VIl
F3e3s 3O §313TYD JUTOL--SOr
91oI1Yya2A MOL paaoxdur--ALI
sanoyuey
adueuajutew burdTAIa8S B UOTIDSdSUI--HWWSI
*ouy ‘wnijoads uorjBWIOIUI--IST
2030eg SUWI] S9AT3IONPOId I0BITPUI--JIdI
K1euuns weiboigd psjeabajur--sdl
MOTADY SS9001d UI--NdI
K3111qede) teuorjeaado TeT3ITUI--D0I
weay
juauabdbeueny 3Jaoddns Oo13s1b0O pajeabajur--IWSTI
TSPONW
juswabeuey 3I0ddng O13s1H0T pajeIbaUT--WWSTI
1abeuely 3ioddng o13s71H07 pajeabajUTI--WSII
310ddng oy13sybo pajvirbajzur--siI
9T1otTYaAa butraybrag Lijuejur--AJl
330day uorjenteag judpuadapul--uII

oy

" .'- ..- -
W, . 0,

o
[

w

~




Awiy JFe3s 3o JaTYD SHTA--VSOA
wa3sAs 33Je1do1IY¥ TeDIIOoRL AITTT15N--SVIIN
193ua) 310oddng burureiy Awiy S(i--DSIVSO

133uad) Teubis Auwiy £n--DsSysn
adoang Away SN--YNAUVYSN
10005 pue
I93U3D SUOTITUNW 3 STISSTH Away SN--~SOWWYSN
I93uad) AI9TT113aV PI1d Away Sfi--Ivavsn
I93Ua) uoljeTAY AWwly Hn--IYVSN
Iobeuely wajzsis DOVHIL--WSIL
puRuUIO) SS3aUIPEaYy TUTIAIIeR
uorjeiay pue jixoddng dooi] Awiy sSN-—--WODEVSIL
wo3sésg
UoTjedTunUUo) TedT13IDoBY 90TAISS-TIAL--IVITHL
I3D01330 FFeas walsisS DOAVYL.--0SSYHIL
pueLuo) autajzood pue buruteil Awiy Sf,--DOAVIL
sa014A9@ butuTRIL--TAVIL
jusudtnby pue uoijeziuebiQp JO °7JRL--FOL
uoljeutwIaliag JJO-orviAL--dol
st1sdTeuy 3J30-o1mal--VOl
4£371e103ds uot3ednong AIe3ITTIW SATIEBJUDL——SONL
Tenuel IROTLYISL—-WL
dnoin HUTYIOM pPa3RIBIIUI FEBL-~OMIL
UBTd I33SeW uoTjenTeag pue 3sol--dWiAlL
PUBWWO) uofjenTead pue 3s3al Away &1--WODAL
uoljenTead pueR 243T--~TR]
S9DUBMCTTVY PUR LOT3INGII3SIQ 3JO o7(elL--vdlL
juswaainbay sotaAeq buluteirl--yar
uoT3ledIIISSRYD »AAL--DL
wa3sis juswoabeuey 2oURUIUTIPK AWIY BLL—--SWHWVYL
wa3sds uo1}0911Q
9ITa TenT3oel AISTT133Y PIOTd--HYI4DVL
S3jusnnodog uotjezTIoyINY AWIY BL~~-SAVVIL
, SPIN) s3A1308(q0 ABOTOUYDSL PUR BDOUBYNG-.ONTS
L 8dJI04 Ysel TetuadS--JLS
I81313U8p™ TTIYS A3Te1c3ds--ISS
e dnois Apn3s Ir1sadg--ogg
o PIBOH UOTIENTRAF UOTIDB[3S 8DINOS~-gIASS
s noibay y1w3tded
‘ 171G 4eN ~ 383udD 310ddns I9TPTOS--¥IN-ISS
9p0) sjusawarinbsy paepris--DYS

IS8L uoIEITITITEND ITIYS--1OS
Iopeo]T isyoune] paradoid-3I[aS--T7Id4S
Sp1v @duewiojaad TTI1%S--SVdS
3}IOM JO 3JUSBWIILIS--MOS
sjuswsitnbay aoejasjur BUTIYOPW-IDTPTOS--HTKHS
S80®JI9IUT BUTYIEH-IDIPTOS~-~IKHS
313dx3d 1933w 3IDalqnS--TAWS
wolsisg
Juswabeuey j310ddng pajeabajurl pIepuURlS--SHSIS
*SOW aduerequl 20edS--YOWIS
9suaje@ Jo Ai1el2109S--J9ADIS
wa3lsLs uor3zTsodwo) pue 2IN3ONIIS--SIYS
- Aury Jo Aae3zsidag--ys
A3111qRde) TRUOT3RIRdO paitnBay--20y
Tesodoaq 103 3senboy--gai
S)oay) Teuolleiadp
pue sarqepuadxi Jo jusawysiuaiday--d03Y
uo1ty
-enTeag pue 3Isa] ‘juswdoTaaag ‘yoIeasay--3LAy
. £3
-TTTqeuiejuTey ‘A3r1Tqe(ieay ‘A3 T1IqeRIIa¥--WYY
uorjewIojul sjuawaarnbay
Touuosaaq aarjejrjuend pue 2a13e3TTEND~--I3: 100
o 310day stsdTeuy a201a
-a8@ bututeil pue ‘HBurutel] ‘IoUUOSISI--¥VALLA
18400 TeUOTSTAOIJ--T¥ADDOd
wajsisg
butjebpng pue ‘butwweiboag ‘Hurtuueid--sddd
wnpueiowsy aA13099lqo weaboiag--wod
. 32B3UO0D 3JFO 3JJUTOJ--D0d
uelgd jJuswabwuuy joalaTT.-ang
asbeuey 3oaloird--wd
90T1A8(Q 8bessal Te3161Q S, I9pEsT UCOIRId--AWATd
1esodcid JuawaaorMT FonpoId~--dId
Juswdinbg j10ddng punoas IRITNOd4d--ASH
walsis
BIUJDLIAJE JPUUOSIBG -  TIVSHIJ
pieog 3ITNOITN Pa3UuUIId--gDd
urTd 3Isal 2ulTIN0--4LO
Kousby
uorjenjieag nur 165] Teuorjvasdg Away SN--vYIALO

AT Teodnae o

J Wu!.ﬂ,

-4

BEEST AVAILABLE corY




