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PREFACE

This two-volume report describes NAVMAN, a computer model for
generating estimates of organizational and intermediate-level main-
tenance personnel requirements for new U.S. Navy aircraft. NAVMAN
incorporates into a single framework the diverse methods and factors
used by the Navy to estimate below-depot level maintenance personnel
requirements. It provides a means that does not now exist in system-
atic form to estimate these requirements during the early stages of
system development--that is, before information about subsystem relia-
bility and maintainability characteristics and other system-peculiar
personnel factors is available in detail. Because NAVMAN builds on
current Navy methods, it does not provide an independent assessment
of what the personnel requirements should be. It does provide, how-
ever, a reliable approximation of what the detailed Navy methods will
eventually generate as requirements.

The development of NAVMAN was sponsored by the Office of the
Director of Cost and Economic Analysis, Office of the Assistant Sec-
retary of Defense (Program Analysis and Evaluation). The model is
intended primarily for use by Cost and Economic Analysis, and by the
Cost Analysis Improvement Group (CAIG) that it chairs, in support of
the Defense Systems Acquisition Review Council (DSARC). Among the
responsibilities of CAIG and DSARC is critical review of the operat-
ing and support cost consequences of the acquisition of new weapon
systems. Maintenance personnel requirements are primary contributors
to operating and support costs; hence those requirements themselves
draw critical review. NAVMAN and a similar model for Air Force tacti-
cal aircraft* provide CAIG with an analytic tool for estimating per-
sonnel requirements early in the acquisition review process, for as-

sessing the reasonableness of estimates prepared by the military

*See W. S. Furry et al., MANPOWER: A Model of Tactical Airecraft
Maintenance Personnel Requirements: Vol. I, Overview of Model Devel-
opment and Applieation; Vol. II, Technical Appendixes, The Rand Cor-
poration, R-2358/1,2-PASE, April 1979.
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exploring the effects of changes in certain system and maintenance
policy variables on those requirements,

In addition to its use by CAIG, NAVMAN should be helpful to U.S.
Navy offices involved in aircraft system personnel determination pro-
cesses. It should be of special interest to the HARDMAN Project Office,
which is concerned with determining the timeliness of Navy personnel
requirements. A major conclusion of the HARDMAN study* is that deter- 3
mination of personnel requirements occurs too late in the weapon system
acquisition process and fails to address major issues of personnel
tradeoffs. HARDMAN recommends developing and implementing analytical

tools and models that can define maintenance personnel requirements

during the early stages of weapon system development.

Volume I of this report, Model Development and Application, pro-

vides a complete overview of Navy personnel planning methods and of

the features, input requirements, and outputs of NAVMAN. Volume II,
Technical Appendixes, provides information on detailed model operation,{
model factors and variables, reliability and maintainability reference*”
information, and a computer program listing.

The methods and factors incorporated in NAVMAN are current as of

mid-1978. They are subject to modification, however, for the Navy
personnel planning process is a dynamic one and is undergoing important
changes. The user of NAVMAN should be aware of the need to update the
model periodically. 3
* 4 J
Military Manpower versus Hardware Procurement Study (HARDMAN), g :

Final Report, Chief of Naval Operations, United States Navy, October )
1977. 3
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SUMMARY

NAVMAN is a deterministic computer model, written in PL/1, which
replicates the methods currently used in Navy personnel planning for
aircraft in fleet service. The model provides estimates of below-
depot level maintenance personnel requirements, both preventive and
corrective, for new aircraft systems. Additionally, the model permits
analysis of personnel requirement consequences caused by changes in
the flying program, system reliability, maintainability, and other
flying activities.

Maintenance support of Navy aircraft is accomplished at three
levels--organizational, intermediate, and depot. NAVMAN projects per-
sonnel needs for organizational and intermediate maintenance. Organi-
zational maintenance involves those functions performed by an operating
unit on a day-to-day basis (i.e., on-equipment repair, inspection,
servicing, and handling) while intermediate-level maintenance involves
cff~equipment repair of assemblies, testing and calibration, technical
assistance, and manufacture of certain nonavailable parts. Organiza-
tional maintenance is an aircraft squadron function with permanently
assigned personnel, whereas intermediate maintenance is a ship or Naval
Air Station (NAS) group responsible for all aircraft and squadroms
assigned to a carrier or NAS. NAVMAN necessarily treats these unique
maintenance groups separately with specific and individual input pa-
rameters, equations, factors, and tables.

To use NAVMAN, the analyst must supply (1) operations information
for both sea and shore environments (sortie rate, sortie length, and
flying days per week); (2) organizational features (squadron size,
number of squadrons, aircraft type, and number of work shifts); and
(3) maintenance characteristics (maintenance manhours per flying hour,
or per sortie, or mean time between failure and mean time to repair).
Model outputs are reported in various formats--ship requirements and
shore requirements, for each organization level, for the total fleet,

individual squadrons, and work centers.




Technical appendixes (Volume II) describes in detail the operation
of the model and present the variables, manning equations, factors,
tables, and analytical assumptions used in the development of NAVMAN,
Additionally, Volume II provides a program listing and some historical
reliability and maintainability (R&M) information for Navy aircraft
which may provide analysts with useful data points for evaluation by
analogy.

Several steps might be taken to further strengthen and extend the
NAVMAN model., The output of the model might be contrasted with Squad-
ron Manning Documents (SQMDs) for which descriptive (input) data are
available., This would provide a more thorough validation of NAVMAN L
than was permitted by the scope of the present research. Positive é

model extensions include making the number of squadrons a semnsitivity
variable; and developing a subroutine to generate work-center mainte-
nance workloads as a function of a wide range of R&M inputs. Another

improvement would be to substantially broaden the reference data base

of historical R&M values and personnel requirements.
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1. INTRODUCTION

This report describes NAVMAN, a deterministic PL/1 computer model
that estimates below=depot level maintenance personnel requirements
for Navy aircraft., 1t is designed for application to new aircraft
systems and permits analysis of personnel requirement modif ications
caused by changes {n the flying program, svstem reliability and main-
tainability (R&M), and squadron organization., It {8 primarily intended
for use during the early, concept development stages of system acquisi=-
tion and utilizes simple, readily available data as fnputs,

NAVMAN was developed to aid the Cost Analyvsis Tumprovement Group
(CALIG) in making and evaluating cost and personnel estimates for new
atreraft systomu.* Because maintenance personnel {8 a significant
contributor to the total operating and support cost of an atrcrafe,
it is important to consider the personnel implications of new atvcratt
as early as possible in the acquisition process. Typically, these
carly estimates have been based on aggregate figures such as total di-
rect maintenance manhours per flving hour. However, system relifability
is only one of a number of varfables that attect the level of mainte-
nance personnel required, and the use of such gross statistics fails
to provide vigibility of the plausible persomnel implications of an
operational tleet of a new atreratt, Furthermore, a significant prob-
lem with the traditional R&M measures {s the fmplicit assumption (often
erroneous) that any improvement on one of the R&M dimensions will rve-
duce personnel requirements., This assumption i{s not always valid be=-
cause it ignores the signiticant ettfect on personnel requirvements of
such factors as operational unit sfze, the rate of use of the weapon
system, maintenance crew=size requirements, shift coverage requirements,
and the organfzation of occupational specialities, In short, the im-
portance of organizational and program factors for personnel require=-
ments often has been overlooked in the effort to reduce personnel by

fuproving hardware R&M,

e ——

» . '
The CAIG provides cost information to the Defense Systems Acqui=
sition Review Council (DSARC) for use in acquistition decisionmaking.

T eyt 7 AT R et
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NAVMAN utilizes organization structure, flying program, and R&M
inputs to calculate the scheduled and unscheduled maintenance workloads
for each work center or shop. Indirect hours for administrative sup-
port, facilities maintenance, and other nonaircraft maintenance ac-
tivities are added to the direct maintenance workloads to arrive at
the total manhours required in each work center. Total hours are
converted to personnel requirements on the basis of the appropriate
manhour availability, and rating or skill-level requirements are deter-
mined from historical paygrade matrices. Administrative, supervision,
and other nonmaintenance work centers are manned on the basis of equa-
tions that relate requirements to various independent variables such
as flying hours, number of aircraft, or number of work orders processed.
The resulting personnel requirements are presented at various levels
of detail including total for the fleet of aircraft, per squadrou, and
by work center for both the sea and shore environments.

NAVMAN is based on the current Navy methods and factors contained
in the OP-124 Squadron Manning Document Model* (organizational level
maintenance) and the ACM-02 Mode1+ (intermediate-level maintenance).
Both of these Navy models are applied after an aircraft has been in
the operational inventory for approximately a year so that sufficient
historical data exist to project personnel requirements. Because
NAVMAN is intended for use during the early stages of an aircraft's
development when detailed data, especially subsystem R&M information, .

may not be available, the model was designed to accept a wide range
of input data and to perform sensitivity analyses on the personnel
requirements caused by changes in the flying program and the R&M
parameters,

NAVMAN is based on current Navy methods and factors for determin-
ing maintenance personnel requirements; as such, the model does not

provide an independent assessment of personnel for the CAIG. The model

A

*SQuadron Manpower Requirements Determination Methodology, Chief :
of Naval Operations (OP-124F), Navy Department, Washington, D.C., 20350, 5 i

+Hbrk Center Staffing Standards: Aireraft Maintenance--Perform
Intermediate Aireraft Maintenance--ACM-02, NAVMMACLANT, January 13,
1978,
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does provide an early estimate of personnel needs at a level of detail
that enables the CAIG and/or PASE to examine the validity of Navy per-
sonnel estimates and the effect on these estimates of changes in the
operational and reliability parameters.

Personnel planning in all the services is a dynamic process.

Work activities, missions, system characteristics and performance,
organizations, and technology are constantly changing. These changes
undoubtedly affect personnel utilization and strength requirements
that are part of the current NAVMAN process. The using agencies must
continuously update the model accordiwg to changes in Havy methods to
ensure the validity of the model product. ¥For example, as this report
is being written, the Navy is in the process of revising its standards
and methods for determining intermediate-level maintenance personnel
(published as Navy document ACM=02). The variables and factors that
are changed as a result of this revision must be incorporated into
NAVMAN equations and factors to produce results consistent with Navy
estimates.

The subsequent sections of this volume are organized to provide
an overview of the model, its development and application. Section II
summarizes the Navy's maintenance personnel estimation methods at vari-
ous stages of an aircraft's development and operation. Section III
presents an overview of the model operation and briefly describes the
key model features, inputs, and outputs. Section IV outlines the input
requirements necessary to run the model and describes the various out-
put reports. It also presents an example run of the NAVMAN model.
Finally, Section V discusses possible next steps for further testing
and extension of the model.

Volume II of this report supplies specific model information. In-
cluded in the technical appendixes of that volume is a detailed descrip-
tion of the model operation and listings of the model variables factors
and paygrade matrices. Volume II also contains a computer listing of
NAVMAN and historical Navy aircraft maintenance data which may provide
useful information in determining certain inputs.
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II. CURRENT NAVY MAINTENANCE STRUCTURE AND METHODS FOR ESTIMATING
MAINTENANCE PERSONNEL REQUIREMENTS

OPERATING ENVIRONMENT OF NAVY AIRCRAFT

*
Navy aircraft operate primarily in two environments --on land at

Naval Air Stations (NASs) and at sea on board aircraft carriers. All

NASs in the ConUS are located on efither the Atlantic or Pacific coast
with one station on each coast designated as the home base for all
aircraft of a given type (fighter, light attack, heavy attack). For
example, all Navy fighter aircraft (F-14, F-4, and, in the near future,
the F-18) are stationed at Miramar NAS on the West Coast and QOceana

B sl

NAS on the East Coast. Current Navy aircraft and their respective

squadron sizes are shown in Table 1.

Table 1

TYPICAL NAVY AIRCRAFT SQUADRONS

Aircraft Mission Squadron Size

F=4J Fighter 12 aircraft |
F=14A Fighter 12 aircraft ]
A-7E Light attack 12 aircraft 1
A-6E/RA-6D Heavy attack/tanker 10/4 aircraft 1
EA-6B Electronics 4 aircraft |
E-2B Electronics 4 aircraft 3
S=3A Antisubmarine 10 aircraft !
P=3C Antisubmarine 9 aircraft

Squadrons are rotated during peacetime from the NASs to duty at
sea on board the aircraft carriers. Depending on the class of the

vessel, a carrier will have assigned to it between 70 and 100 aircraft.

BT

Typically there will be 2 or 3 squadrons of fighters, 2 squadrons of

R v

*

An exception is the antisubmarine P-3 patrol aircraft, These
aircraft are land-based and may deploy to various locations to per-
form their mission (termed VP-deployed).




B

= R

light attack, 1 heavy attack squadron, and assorted numbers of re-
connaissance, antisubmarine, and electronic warfare aircraft and

helicopters.

ORGANIZATIONAL MAINTENANCE

Maintenance to support Navy aircraft is accomplished at three
levels--organizational, intermediate, and depot. Organizational-level
(0O-level) maintenance involves those functions performed by an operat-
ing unit on a day-to-day basis in support of its own operations and

includes:

l. Equipment inspections.

2. Equipment servicing.

3. Equipment handling.

4., On-equipment repair and "on-equipment'" removal and replace-
ment of defective parts and components.,

5. Incorporation of designated technical directiveness.

6. The keeping of necessary records and reports peculiar to

organizational-level maintenance.

To perform these functions, a squadron's organizational mainte-
nance department is configured as shown in Fig. 1. Most of the func-
tional areas indicated by the work centers in Fig. 1 are self-
explanatory. The plane captains (work center 310) act as crew chiefs
for specific aircraft. They take care of preflight and postflight
inspections, fuel, oil, and clean the aircraft, strap the pilot in,
and, in general, perform detailed visual inspections.

The troubleshooter group (work center 320) is composed of a number
of highly skilled flight deck personnel whose technical experience en-
ables them to identify which of a group of equipment may be malfunc-
tioning. They also perform minor on-equipment repair.,

Personnel of the weapons branch (work center 230) perform the
scheduled and unscheduled on-equipment maintenance of the aircraft's
weapon control and delivery systems and perform the uploading of muni-

tions onto the aircraft., The maintenance and inspections of the

- —
R

RS e e
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munitions themselves are functions of the aircraft carrier or the NAS.
Munitions are taken from the magazine areas and transported (by carrier f

or NAS personnel) to the flight line where they are uploaded by per- |

sonnel from the aircraft's weapons work center.

Organizational maintenance personnel requirements for current
Navy aircraft, as defined by the aircraft's Squadron Manning Documents
(SQMDs), are shown in Table 2. It can be seen that not all work cen-
ters are manned for all aircraft. For example, work center 211,
Electronic Fire Control, is manned only for fighter and attack air-
craft. Also, the troubleshooters' work center (320) is not manned for
shore-based aircraft (P-3C) or for squadrons with little troubleshoot-
ing workload. For these aircraft, any workload usually charged to

work center 320 is spread among the other appropriate work centers,

INTERMEDIATE MAINTENANCE

Intermediate-level (I-level) maintenance includes:

1. Off-equipment repair or replacement of damaged or unservice-
able parts, components, or assemblies.

2. The manufacture of certain nonavailable parts,

3. Calibration of designated equipment.

4, Providing technical assistance to the supported units.,

5. Incorporation of designated technical directives.

6. The necessary record keeping and reports peculiar to inter-

mediate~level maintenance.

Figures 2 and 3 show the intermediate-level organizations for units
both ashore and afloat.

Unlike organizational maintenance that is an aircraft squadron
function with personnel permanently assigned to the squadron, inter-
mediate maintenance is a ship or NAS organization with responsibility
for all aircraft and squadrons assigned to the carrier or the NAS.

A cadre of maintenance personnel are permanently assigned to the Air-

craft Intermediate Maintenance Department (AIMD) on board each aircraft

carrier and at every NAS. These personnel maintain the intermediate
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beaches and equipment, perform some general maintenance, and provide
administrative and staff-level functions.

The permanent ship or shore cadre is augmented by intermediate
maintenance personnel assigned from the squadrons. When a carrier
goes to sea, the AIMD on board the ship must satisfy the intermediate
maintenance requirements of all the aircraft assigned to the carrier.
To satisfy these requirements, each squadron sends a number of Tempo-
rary Assigned Duty (TAD) personnel to the AIMD. The numbers and types
of these TAD personnel depend on the intermediate maintenance require-
ments of the squadron and the workload and capabilities of the AIMD
cadre. Before going to sea, the intermediate maintenance officers
determine which intermediate maintenance requirements will be tempo-
rarily satisfied by each squadron. Personnel from one squadron may,
therefore, perform intermediate-level maintenance for aircraft of an-
other squadron. The same temporary assignment of personnel to the
intermediate shops also occurs when a squadron transitions from sea
to a NAS. Table 2 also shows I-level TAD personnel assigned to current
Navy squadrons.

The Navy currently estimates maintenance personnel requirements
both before and after an aircraft enters the operational inventory.
The next section describes the methods used by the Naval Aviation
Logistics Command and the Navy Manpower and Material Analysis Center

Atlantic and Pacific in developing their individual personnel reports.

MAINTENANCE PERSONNEL ESTIMATION BEFORE AIRCRAFT DEVELOPMENT

The first attempt to estimate personnel requirements is made by

the Navy during the preparation of aircraft specifications--long before
full-scale development and prototype production. The estimate is
published in the form of the maximum direct maintenance manhours per
flying hours (DMMH/FH). This DMMH/FH approximation is based on his-
torical maintenance data for similar aircraft or aircraft subsystems.
Knowledge of new equipment requirements, personnel constraints, and
anticipated reductions in maintenance requirements are used to adjust
the current experience. The aircraft contractors receive this DMMH/FH

goal in the initial Request for Proposal (RFP) issued by the Navy.
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In preparation of the proposal, the aerospace industry closely
examines the personnel requirements associated with its aircraft
design. The hardware contractor's Logistics Analysis and Operations
Analysis divisions prepare detailed estimates of squadron personnel
by skill type and skill level. This effort is published in the Weapon
System Personnel Planning Document submitted to the Navy with the pro-
duction proposal. Although on the surface this would appear to be the
first in-depth examination of requirements, it is unfortunately biased
by the DMMH/FH goal stated in the RFP. That is, the contractor, in
his natural zeal to be awarded the development and production contract,
uses the DMMH/FH goal as a target in the estimation of R&M characteris-
tics of his proposed equipment.

The first detailed Navy estimate of the quantitat{ve and qualita-
tive maintenance personnel requirements are made by personnel of the
Naval Aviation Logistics Command (NALC--formerly Naval Aviation Inte-
grated Logistics Support Command, NAILSC). This estimate is prepared
4 to 6 months after the contract award for full-scale development and,
therefore, after DSARC II. In forming the Maintenance and QOperating
(M&0) Report, NALC analysts use the historical maintenance data (3M

*
files ) for similar aircraft and subsystems as well as contractor

Maintenance Engineering Analyses and opinions of subsystem operations
experts (primarily chief petty officers). This objective NALC esti- ‘
mate, typically reported in terms of DMMH/FH, must be reconciled with H
the previous Navy DMMH/FH goal and the contractor estimates. As a i
result, some of the objectivity is ultimately lost. ‘
As system development progresses, designs become more firmly de-
fined and test data yield better visibility of R&M. With the addi-

tional data and expericence gained through testing, the NALC prepares
its second and final M&O report approximately 6 months to a year before
service introduction. Both NALC reports feed into the Five Year De-

fense Plan and into the Personnel and Training systems to ensure that

*

The "3M" file is a maintenance and material utilization data sys-
tem managed by the Navy Fleet Material Support Office in Mechanicsburg,
Penn.




sufficient quantities of the properly skilled personnel are available
when the aircraft reaches the fleet. %
NALC analysts are usually highly experienced in the aircraft ‘

maintenance environment and use their knowledge as subjective inputs

to the prediction process. Using contractor and 3M data, they first

formulate the DMMH/FH. This value includes all direct maintenance

and inspection requirements. It does not include indirect, transit,
access, or similar "mon-wrench turning' times. Those actions or sub-

E systems that are not related to flying hours (such as calendar in-
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spections, landing gear, wheels and tires, etc.) are translated into

flying-hour values on the basis of monthly utilization, sorties, and

flying hours per sortie. The assumption is made that operating time
equals flight time for all equipment. NALC personnel then segregate
the total DMMH/FH into requirements for each type of maintenance skill

by work center. To arrive at manning requirements, the following

equation is used:

o ———
REPSTE S d 2 o

(DMMH/FH) (FH rer month) (K factor) (AC/SQ)
120 hours/month '

The flying-hour factor is a monthly average of carrier and NAS
requirements developed by OPNAV and NAVAIR. The K factor accounts i
for the indirect hours and translates direct maintenance hours to
productive hours. The values are 1.82 if contractor information is
being used for the DMMH/FH term and 1.19 if the DMMH/FH term is based i
on 3M data.* The 120 hours per month is an availability factor used
exclusively by the NALC.

The above manning equation is used to determine direct mainte-
nance requirements by functional rating for organizational and inter-
mediate levels. Supervisory positions, management and staff duties,

and certain work centers are position-manned on the basis of values

*The number is higher for contractor values because such values
are usually measured in a test enviromment with skilled technicians
and all access panels opened. The 3M data include transit, access,
and other indirect items.
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in ACM~01 (Aircraft Organizational Maintenance Staffing Standards) and
the analysts' subjective judgment. From the Navy Enlistment Classi~
fication (NEC) manual (NAVPERS 18068D), the NALC analyst can determine
which specialization codes are appropriate for the derived skill need.
If a suitable code does not exist because of the introduction of new
equipment, the NALC can recommend the establishment of a new code and
outline the requirements and necessary methods of instruction. If
possible, fractional requirements* are often combined so that one per-
son with several applicable specialization codes may be responsible

for the maintenance of multiple equipment.

PERSONNEL ESTIMATION AFTER SERVICE INTRODUCTION: ORGANIZATIONAL LEVEL

Approximately one year after a new aircraft system becomes opera-~

tional, the Aviation Squadron Manning Requirements Section (OP-124F)
creates the final maintenance personnel document--~the SQMD. OP-124
is assisted in this effort by personnel survey teams at the Navy Man-
power and Material Analysis Centers, Atlantic and Pacific (Norfolk,
Va,, and San Diego, Calif.) (NAVMMACLANT and PAC). These teams visit
each squadron to validate the personnel requirements in the SQMD.

The OP-~124 methodology is similar to that of NALC in that personnel
requirements are determined from workload and personnel availability.
However, OP-124 uses actual maintenance data from the 3M reporting
system inst:. .. of contractor estimates or analagous system data and
considers other types of workload in addition to direct maintenance
hours. OP-~124 considers only a shipboard environment.

In the OP-124 model, workload is categorized as preventive mainte-
nance (PM), corrective maintenance (CM), administrative support (AS),
facilities maintenance (FM), utilities task (UT), directed manning
(DM), or officer manning (OW).+

*
Fractional values less than .24 are truncated unless the value
is less than 1.0, in which case one person is assigned.

*ow hours represent the aircraft pilots and crew who are assigned
to flight operations and duties. These personnel are placed in the
maintenance complex to provide them with an understanding of activities
and a career progression path. The pilots and other aircrew members
are not considered in NAVMAN.

cinn,
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PM includes all aircraft scheduled maintenance activities. The
actual workload data are collected from Maintenance Requirements Cards
(MRCs) for each type and model of aircraft. These MRCs describe the
time required and the types of personnel necessary to accomplish the
scheduled maintenance on operational equipment, components, and sys-

tems. The PM workload is divided into the following categories:

1. PM hours per aircraft per week.
2. PM hours per aircraft per (flying) day.
3. PM hours per aircraft per sortie,

4. PM hours per aircraft per flight hour.

Using the appropriate values from the aircraft's Required Opera-
tional Capabilities and Projected Operational Environment, the total
direct PM workload is calculated for each work center and for the ap-
propriate skills and ratings.

CM includes the aircraft unscheduled maintenance activities. The
workload data are derived from historical 3M data obtained from the
Maintenance Supportive Office Department. The CM workload is broken
into Maintenance Action Forms (MAFs) and Support Action Forms (SAFs),
and each component is statistically regressed to torm predictive equa-
tions that make it possible to determine the total workload at any
level of flight activity. The exponential form is used for the re-
gression equation on the assumption that as flight hours increase,
manhours per flight hour decrease. In addition to the regression
equation, ratios are developed that determine how much of a squadron's
total MAF and SAF workload is appropriate for each work center.

The PM and CM hours usually account for only the direct workload.
Factors are added to account for the indirect time associated with the

maintenance actions. These indirect categories include:

1. Productive Delay (PD)==An allowance to reflect delays caused
by awaiting the arrival of parts, awaiting transportation,
inclement weather, awaiting deck space, changing work areas,
etc, The PD factors ranged from 5 to 35 percent and vary by

work center and environment.
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2, Productive Ailowance (PA)--An allowance for delays arising
from fatigue, environmental effects, personal needs, and
unavoidable interruptions. PA is a 20 percent factor.

3. Make Ready/Put Away (MR/PA)--An allowance for the time re-
quired to open the appropriate area of the aircraft, requisi-
tion any necessary tools or equipment, and secure the aircraft

when the work is completed. The MR/PA factor is 30 percent.

The total PM workload is computed as

Total PM = [Raw PM X (1 + MR/PA)](1 + (PA + PD)],

whereas the total CM workload is

Total CM = [Raw CM][1 + PD].

MR/PA and PA factors are not considered for CM because the 3M
system is designed to collect these indirect hours.

On completion of the total maintenance workload calculation
(PM + CM), hours are added for AS, FM, and UT. AS hours include super-
vision and clerical, instructional, and administrative functions. The
calculation of total AS hours is based on a ratio of total CM and PM

hours as follows:

Total AS = A + B(PM + CM),

where A and B vary by environment. The total workload is then allocated
to the various work centers on a percentage basis.

FM hours provide for the routine housekeeping of assigned living,
working, and operating areas and are calculated as a percentage of

each work center's AS workload:

Work Center FM = (Work Center AS) (Work Center FMY).
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The FM percentages were determined through work measurement techniques
and vary by work center.

UT hours represent the workload assigned to carrier-based squad-
rons for working groups to augment ships' personnel iun performing
underway replenishment operations. The quantity of UT hours is deter-
wmined by operational audit techniques and is added to the work center's
workload. UT hours apply only to carrier operations.

OW workload are those hours associated with administrative duties
and flight operations of the crew members. OM hours are those required
to man time=constrained stations associated with flight operations
and watches, either carrier or shore-based. These hours are usually
applicable to the plane captains, troubleshooters, and security work
centers and integrity watches.

After the total workload is calculated for each work center, per-
sonnel requirements are computed by dividing by the appropriate per-
sonnel availabilities. The standard work weeks used in this calcula-

tion are

Shore=based: 31.9 productive hours out of a 40-hour week
*
VP-deployed: 51.0 productive hours out of a 57-hour week

Carrier-based: 63.0 productive hours out of a 70-hour week

Fractional personnel values are then rounded to whole persons
according to specified cutoff values, Work-center personnel are dis-
tributed among paygrades (E-2 to E-9) using an authorization level/
paygrade matrix developed from the BUPERS Occupational Classification
System, derived paygrades as estimated through operational audit tech-
niques, and the 0SD "top=-six" guidelines.

The above procedures apply for the maintenance work centers.
Overhead, administrative, and analysis work centers are manned on the
basis of equations that relate personnel or manhours to variables such
as number of flying hours, number of aircraft, or number of requisi-

tions processed.

*
"“vp-deployed" represents shore-based squadrons deployed to over-
seas bases.

s g
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The maintenance personnel requirements computed by OP-124 are
published as OPNAV instructions and serve as a basis for requesting
funding throughout the budget cycle.

PERSONNEL ESTIMATION AFTER SERVICE INTRODUCTION: INTERMEDIATE LEVEL
The AIMD, as previously stated, is staffed with a permanent cadre

of ship or station personnel augmented by TAD maintenance personnel
from the individual squadrons supported by the facility.

The management work centers (0XX), the production division offices
(X00), the CGround Support Equipment Division (9XX), and certain other
work centers (i.e., Precision Measurement Equipment) are staffed with

ship or station personnel. The production work centers are staffed

primarily with TAD persons and a small cadre of permanent staff.

The Navy has developed and recently published a revised method
for determining intermediate-level maintenance personnel requirements.
This publication, called ACM-OZ,* defines work-center staffing methods
for production work centers as well as management and support work
centers.

The standard equations for the OM (overhead, analysis, supervi-
sion) work centers are typically a function oif the number of aircraft

supported, the number of subordinate work centers, or the support

equipment workload.

Personnel requirements for the production work centers are deter-
mined from the numbers and types of each aircraft maintained by the
facility. For each aircraft type (F-14, S-3A, etc.), ACM-02 provides
a monthly intermediate-level maintenance manhours estimate called a
‘ "b~value." The b-value is multiplied by the number of aircraft of
that type assigned to the AIMD to determine the total maintenance man-

hour requirements.

The total maintenance manhours are then allocated to the individ-

? ual work centers using a "Z table" derived from historical maintenance

*Work Center Staffing Standards: Aireraft Maintenance--Perform
Intermediate Aireraft Maintenance--ACM-02, NAVMMACLANT, January 13,
1978,

Mh“‘ R
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data (3M). A "Z-table" is derived for each AIMD location by type,
model, and series of aircraft. Table 3 shows the Z-value table for
Miramar intermediate maintenance.

Support Maintenance (SM) manhours for scheduled and unscheduled
maintenance of support equipment (i.e., test sets) are added to the
total aircraft maintenance manhours (AM). Because support equipment,
as a general rule, cannot be directly associated with an aircraft,
ACM-02 presents a table that lists SM manhour additives by work center
and location. Table 4 gives an example of such a table for the Jet
Engine Shop.

The total work-center manhours (WM)* are then divided by the
available hours during the work week to determine the number of work-
center billets.

To determine the required AS manhours, the number of work-center
billets is multiplied by a constant coefficient derived from opera-
tional audit measurements and regression analysis.

Finally, AS manhours are added to WM manhours to arrive at total
maintenance manhours (TM). By dividing TM by the appropriate Navy
work week (based on the environmment in which the work is performed),f
TM is converted to billets.

The number of intermediate maintenance-level TAD personnel re-
quired for a squadron (and reflected in the SQMD) is determined for a
ship environment. The maintenance demands of each squadron are viewed
in isolation, and if there are multiple squadrons of the same type of
aircraft assigned to a carrier (F-14, F-4, A-7), each squadron receives
the same number and type of TAD personnel.

The methods and factors embodied in the OP-124 (organizational-
level) and the ACM-02 (intermediate-level) models serve as the

*
WM = AM + SM.

+For intermediate maintenance, the standard work weeks are

Shore-based: 31.9 productive hours
Carrier-based: 60.0 productive hours
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Table 4

SUPPORT MAINTENANCE ADDITIVES: JET ENGINE SHOP

Activity Weekly !Manhours Activity Weekly Manhours

Alameda 19.38 Whiting Field 17.60

Brunswick .06 Atlanta 16.52

Cecil Field 97.46 Dallas 6.48

Chase Field 108.92 Detroit 17.90

China Lake - Glenview 16.69

Corpus Christi - New Orleans 55.71

Iwakuni .04 South Weymouth 24,02

Jacksonville 25,65 Willow Grove 3.56

Key West 58.38 cv 167.75

‘ Kingsville 76.98 LPH 15.92

Lakehurst 31.94 Adak 21.21

Lemoore 94.06 Agana 178.65
Meridian 9.85 Atsugi -

Miramar 262.58 Barbers Point 1.42

Moffett Field 2.65 Bermuda 15.93

Norfolk 96.81 Guantanamo Bay 60.31

North Island 94.90 Keflavik 69.87

E Oceana 50.33 Lajes 2.25
Patuxent River 321.50 Mildenhall -

Memphis - Misawa 7.65

3 Pensacola 131.15 Naha 49.35

' Point Mugu 106.46 Roosevelt Roads 65.63

Warminster - Rota 62.90

Washington, D.C. 26,52 Sigonella 65.04

§ Whidbey Island 307.19 Cubi Point 374.75

SOURCE: Work Center Staffing Standards: Aireraft Maintenance--
Perform Intermediate Aircraft Maintenance--ACM-02, NAVMMACLANT, January
13, 1978.

foundation of NAVMAN. The next section provides an overview of the

model operation, along with the key features, inputs, and outputs. A

detailed description of the model can be found in Appendix A of Volume
1I.
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II1I. MODEL OVERVIEW

This section is intended to introduce the user to the NAVMAN model.
It describes the key features, assumptions, inputs, outputs, and gen-
eral logic ot the computer program. Additional information for the
analyst or programmer who is interested in the detailed logic of the
model and the factors and variables contained in the computer program

is given in Volume II.

KEY FEATURES

The NAVMAN model contains several key features, among which are:

o NAVMAN is to be used to estimate below-depot level aircraft
maintenance personnel requirements on-board ship and at NASs.

) The statistical estimating relationships in the model reflect
the current Navy requirements determination procedures for
organizational and intermediate maintenance.

o The capability to perform manning sensitivity analyses is
designed into the model to enable the user to determine the
effect of alternative squadron sizes, R&M inputs, and flying-
hour policies.

o The capability exists to override, for a number of variables,
the values stored in the model.

o The level and detail of input data are variable. 1If, for ex-
ample, the user cannot define data on a work center or work
unit code (WUC) level, the model will spread an aggregate
input, say, total maintenance manhours per sortie, to generate
individual work-center personnel requirements. Further,
NAVMAN will accept a variety of input variables including
maintenance manhours per flying hour and per sortie, mean time
between failure/mean time to repair (MTBF/MTTR), and any com=~

bination of the factors.

-
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MODEL ASSUMPTIONS

The user should be aware of several assumptions and limitations |

of NAVMAN; listed below are the more important of these.

i o Certain work centers are 'directed" or "position" manned--
that is, a certain number of personnel, independent of any

reliability or flying program values, are required. The di-

rected manning values in the SQMD calculations specify one
person for work centers 010, 030, 060, 100, 200, and 300 and

eight persons for work center 040. These requirements are

m-;‘;- et i)

pa—

based on aircraft squadron sizes ranging from 4 to 1l4. Be-

b e i

squadron sizes, assumptions were necessary to determine ex-

n——
2=

i cause NAVMAN is designed to consider and evaluate larger

trapolated values beyond historical squadron sizes.

o If the workload data cannot be entered by PM and CM categories,
the model will accept a TM input. The model, using percentages
based on current Navy aircraft experiences, will divide the
TM hours into scheduled and unscheduled maintenance workloads.

0 In the case of R&M inputs submitted by WUC or TM, the work-
load is' accumulated and then spread to the appropriate work
centers based on historical percentages contained in the Navy
SQMD. Because of the level of maintenance detail likely to ‘ s
be available during the conceptual design phase, the model has
been designed to accept WUC inputs at the two-digit level only.

o Characteristic of any model based on historical maintenance .
data, there is an implicit assumption that technology, orga- f
nization, and maintenance policy will remain unchanged in the $
future. The statistical standards, squadron organizationm,
directed manning levels, and general aircraft characteristics
should be periodically reviewéd and updated to reflect changes.

o The Navy has recently developed a new method for determining
the personnel requirements for intermediate-level maintenance.

f These methods, integral to NAVMAN, are presented in ACM-02.
i For permanently staffed work centers, requirements are directed

manned or based either on the number and type of aircraft

]




supported or the number of subordinate work centers. For pro-
duction work centers, the model bases requirements on the
ACM-02 variable of maintenance manhours per aircraft, NAVMAN
incorporates these functions even though the methods ignore
the relationship between maintenance requirements and flying

hours.

MODEL OPERATIONS

NAVMAN calculates maintenance personnel requirements for organiza-

tional- and intermediate-level maintenance. The general steps used in

these separate calculations are described below.

Organizational Maintenance Calculations

Personnel requirements for organizational-level maintenance are
determined on a work-center basis. Personnel for the work centers are
related to either the direct servicing and maintenance of the aircraft
and its subsystems or the administrative responsibilities such as super-
vision, material control, and data analysis. This work-center dichotomy

is listed in Table 5 for all the organizational-level work centers.

Table 5

ORGANIZATIONAL-LEVEL WORK CENTERS

R&M Work Centers Other Work Centers
110 Power Plants 010 Maint. Officer
120 Airframe 020 Maint./Material Control
121 Corrosion Control 030 Maint. Administration
130 Aviator Equipment 040 Quality Assurance
131 Safety Equipment 050 Material Control
210 Electronics 060 Data Analysis

211,212 Elec. Fire Control 100 Aircraft Division
220 Elec./Instruments 140 Planned Maintenance
230 Weapons 200 Avionics/Arm. Div.
310 Plane Captains 300 Line Division

320 Troubleshooters
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The administrative (other) work centers are either "position" or
"directed" manned (i.e., a specific number of billets are required),
or are manned on the basis of standards that statistically relate hours
to non-R&M factors such as flying hours, equipment inventories, or
sorties. These standard equations and directed manning values are from
the SQMD model. As mentioned above, the directed manning values in the
SQMD model specify one person for the appropriate work centers (010,
030, 060, 100, 200, and 300; 040 has a requirement for 8 people) based
on current Navy squadron sizes of from 4 to 14 aircraft. Because NAVMAN
should have the capability of considering larger size squadrons, as-
sumptions were necessary to determine extrapolated values beyond these
historical squadron sizes. Discussions with SQMD analysts suggested
the values used in NAVMAN for the directed manned work ceaters.

Personnel requirements for R&M-based work centers are calculated
by dividing the total direct and indirect hours by the appropriate
availability. NAVMAN calculates requirements on a work-center basis
and, therefore, the preferred set of factor inputs are CM and PM factors
for each work center. However, during the early stages of system ac-
quisition to which the model is oriented, R&M requirements are speci-
fied as design goals and, commonly, at very aggregate levels., The de-
sign goals are often based on the performance of current aircraft
systems of a similar type (i.e., a fighter aircraft or a fire control
radar) taking into consideration any expected R&M improvements due to
advances in the state of the art and/or technological change.

R&M values used during these early stages are typically not avail-
able to the level of detail desired. Furthermore, values based on
analogous weapon system experience are often met with skepticism and
resistance. To provide the maximum user flexibility when faced with
these problems, NAVMAN accepts a wide range of possible R&M values and
allows the user to test the sensitivity of the resulting manpower to
changes in the workload.

The R&M input options available to the NAVMAN user include the
following:

o The type of maintenance workload. Data can be entered as PM,

CM, or a combination of the two (TM). 1If the detail is
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available, separate values should be entered for both CM and
PM. 1If the distinction cannot be made, TM data are entered.
The model, using percentages based on current Navy aircraft,
will break the T hours into scheduled and unscheduled work-
loads.

Work center or WUC data. The user can input R&M data on a
work center or a 2-digit WUC basis. Analyses showed that a
clean crossover from WUCs to work centers does not exist.

Many of the WUCs at the 2-digit level indicate a workload for
multiple work centers. Because of this problem, the model
accumulates all workload reported in terms of WUCs and spreads
the total workload to work centers on the basis of percentages
developed from current Navy aircraft,

Aggregate or disaggregate data. If the user cannot define the
data on a work center or WUC basis, the model will spread an
aggregate figure to the individual work centers. The user can
enter a combination of disaggregate and aggregate data. For
example, if values are known for certain shops because of the
use of existing equipment, the user can enter that disaggregate
data and then an aggregate figure for the remaining work
centers. The model recognizes the disaggregate workload and
adjusts the percentage spreads to allocate the aggregate work-
load to the remaining work centers.

The form of the input variables. The model will accept, for
CM and ™ data, maintenance manhours per. flying hour, mainte-
nance manhours per sortie, and mean time between failure/mean
time to repair values, or any combination of the factors. For
PM, the model requires maintenance manhours per flying hour,
per sortie, per flying day, and per week. If MTBF/MTTR data
are used, more than one set of values for a work center can be
entered. This would be appropriate for work centers with mul-
tiple equipment responsibilities.

Data that do or do not include indirect factors. As mentioned

in Section II, the direct maintenance workload must be augmented
by indirect factors to account for PD, PA, and MR/PA. It is
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assumed that all PM inputs do not include the indirect hours
and therefore must be adjusted to include the indirect work-
load. CM data will include PA and MR/PA time if the data are
taken from the 3M system. However, if contractor data or es-
timates are used, these indirect hours may not be included in
the CM workload. The user can specify if the indirect hours
are or are not included and the model will make the proper
adjustments. It is assumed that TM data do not include in-

direct hours.

The following steps are used to determine personnel requirements

for organizational-level maintenance:

1.

w W
.

10.

11.

12,

Read organizational data and determine weekly flying program
values.

Read any optional override values specified by the user.
Read R&M input data.

Compute raw PM and raw CM workload for each work center.

Add indirect factors to raw workloads to get total PM and CM
workloads for each work center.

Calculate total AS workload and spread to the individual work
centers.

Calculate FM workload for each work center.

Add any UT hours to sea workloads.

Calculate troubleshooter workload for shore squadrons and
sea squadrons that are not fighter, attack, or antisubmarine.
Allocate this workload to the appropriate work centers.
Convert total hourly workloads for each work center to frac-
tional personnel requirements by dividing by appropriate
availability.

Ensure that the minimum number of required personnel are as-
signed to the weapons work center (WC 230).

Convert fractional men to integer requirements using round-
off matrices. Set plus and minus hour bounds on the work-

loads.
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13. Ensure the minimum of 2 plane captains per aircraft for the
sea environment.

14, Set personnel and paygrade requirements for directed or
standard manned work centers.

15. Set paygrade requirements for R&M work centers. j

16. Determine total personnel and paygrade requirements for ‘
organizational-level maintenance.

17. Print output reports.

18. Perform any sensitivity analysis specified by the user.

Intermediate Maintenance: TAD Calculations

NAVMAN uses intermediate-level maintenance manhours per week (an

input) and the number of aircraft per squadron to calculate a squad-

ron's total AM workload. This total is spread to the five production
divisions* (4XX Power Plants, 5XX Airframes, 6AX Avionics, 7XX Armament,
and 8XX Aviators Equipment) based on historical factors stored in the
model. SM hours, based on a factor per aircraft, are added to yield

a subtotal for each division. This subtotal is divided by the appro-
priate availability to yield a personnel figure. AS hours are then
calculated on the basis of this personnel number and added to AM and

SM hours to yield total hours for a division. Dividing by the avail-

ability and converting to integer requirements gives the TAD require-

ments for each division.
The steps for determining intermediate-level TAD personnel re-
quirements are:
]
1. Read the intermediate maintenance manhours per aircraft per i
week and the minimum number of avionics skills required.
2, Calculate total direct weekly intermediate AM for a squadron.
3. Spread the total direct hours to the appropriate production
divisions using stored values or user inputs.
4, Multiply SM hours per aircraft by the number of aircraft for *

each production division and add to direct hours. f
1}
|

*
The Armament Division is not manned for certain types of air-
craft.

4o " : -
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5. Divide by the appropriate manhour availability to calculate
an intermediate personnel figure.

6. Calculate AS hours for each production division based on the
intermediate personnel figure,

7. Add AS hours to SM and AM hours to find total workloads for
each production division.

8. Divide by the appropriate availability and round to an in-
teger number to determine personnel requirements,

9. Compare the billets calculated for the avionics division to
the minimum number of avionics skills required to ensure suf-

ficient skill coverage.

Intermediate Maintenance: Permanent Cadre Calculations

NAVMAN estimates changes in the permanent portion of the AIMD at
the NASs at which the aircraft are based and on the aircraft carriers.
These changes in cadre personnel are based on the ACM-02 standard
equations and directed values that use number of aircraft as the pre-
dicting variables. The remaining permanent positions manned by ACM-02
are independent of any changes caused by the addition of the aircraft.

The work centers considered are:

Work Center

__Number Work Center Name
021 Production Control Office
050 Material Control
060 Data Analysis
6XX Precision Measurement Equipment
9XX GSE Production Control
9XX GSE Materiel Control
9XX GSE Production Work Centers

NAVMAN uses the ACM-=02 equations to calculate the permanent cadre (in
the above work centers) before the aircraft are added to the NASs and
the carrier and after the aircraft are added. The difference is re=-

ported as the additional cadre personnel required.

VR Y RSP T s NS, R TE M e W o
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MODEL INPUTS
There are three types of necessary inputs to the model--organiza-

tional, reliability and maintainability, and intermediate level. The
organizational inputs describe the fleet and squadron characteristics,

flying-hour programs, and maintenance policies:

Organizational Inputs:

Sortie rate at NASs (sorties per aircraft per flying day).
Sortie rate on-board ship.

Sortie length at NASs (hours per sortie).

Sortie length on-board ship.

Flying days per week at NASs.

Flying days per week on-board ship.

Number of aircraft per squadron.

Number of squadrons.

Aircraft type.

& 0 0.0 © O 0O Of 0. 0O

Number of work shifts.

The form of the R&M inputs is optional depending on the level of

detail the user desires or can reasonably supply:

R&M Inputs:

o Type of workload (scheduled, unscheduled, or total).

o Appropriate WUC or work-center number.

o Maintenance manhours per sortie or per flying hour or MTBF/
MTTR (for unscheduled or total maintenance).

0  Scheduled hours per week, per flying day, per sortie, and per
flying hour,

The sortle rate, sortie length, and number of flying days define
the flying~hour programs and are used in conjunction with the R&M in-
| puts to estimate the total organizational workload for each shop.
The intermediate-level (I~level) inputs include basing and I~level
repair data.




-

Intermediate-Level Inputs:
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Intermediate~level maintenance manhours per aircraft per week.
Number of skills required in the avionics division.

The total number of aircraft on-board a carrier.

The number of squadrons of the aircraft that would be assigned
to a carrier.

The number of NASs where the aircraft will be shore-based.

The number of squadrons of the new aircraft stationed at each

shore base.

The number of aircraft stationed at the shore bases before

the aircraft being considered are assigned.

These intermediate-level inputs are used to determine the TAD

I-level personnel assigned to the operational squadrons and the change

in ATMD permanent personnel on carriers and at the NASs,

In addition to the required inputs, there are two sets of optional

inputs--sensitivity and override values. The sensitivity inputs are

used to recalculate personnel requirements and include:

o
o
o}
o

Values stored in the model that can be overridden by the user
include:

New number of aircraft per squadron.
New sortie rates.
New number of flying days per week.

An increase or reduction in maintenance hours.

A work center's total maintenance to scheduled/unscheduled
maintenance factors.

The aggregate maintenance or WUC hours to individual work-
centers factors for total, scheduled, and unscheduled work-
loads.

The spread of total I-level workload to the five production
divisions,

The I-level support equipment manhours per aircraft.

b1 e A LU i gt S S
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o The GSE factors.

o The minimum number of weapons loaders required.

A thorough description of the input requirements is given in Section
Iv.

MODEL FACTORS

Current Navy methods for determining organizational and inter-

mediate personnel requirements include a number of factors based on
analysis or audit of current aircraft operations. These factors are

f stored in the model and are used to determine indirect hours, personnel
availabilities, round-offs, and paygrades. As presented in Volume II,

these factors include:

Fractional man round-off tables.

Paygrade matrices.

AS factors by environment and work center,
FM factors by work center. ‘
MR/PA factors.

PA factors.

PD factors by environment and work center.

Standard equation factors (organizational and intermediate).

Availability by environment.

0 0 0 6 0 0o © ©0

UT hours for aircraft at sea. |

MODEL OUTPUTS

Model outputs are at various levels of detail. Ship requirements

and shore requirements, for the total fleet, are included for individ-
ual squadrons and by work center, The following output is generated
by NAVMAN: ‘

o Summary of inputs--type of aircraft, fleet size, squadron

{
|
size, flying-hour program ship and shore, and R&M information. Y
o Total fleet personnel requirements--for sea and shore, by :

I

paygrade.

Fad e A
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0 Squadron personnel requirements and workloads by work center--
sea and shore.

o The individual components of the total workload for each work
center and the "leverage" in the workload for each work center.

o Sensitivity analysis=--on R&M inputs, flying hours, or squadron

size (optional).

The model outputs are described further in Section 1V,

SENSITIVITY ANALYSIS

As mentioned, NAVMAN allows the user to determine the effect on
personnel requirements of changing the value of certain input variables.
The user may request as many sensitivity runs as he wants, but care
must be taken that the sensitivity inputs accomplish the desired re-
sults. Sensitivity values replace base-case values in the model, and
succeeding sensitivity analyses may use previous sensitivity inputs
rather than the original base-case inputs. Knowledge of the steps
taken by the model during sensitivity analysis is necessary to under-

stand the potential implications of multiple sensitivity analyses. As

a check, the model always presents the squadron sizes and flying program

values used in the calculations in the output report. lowever, the

model does not reflect any changes to the R&M inputs. 4
If the user changes the number of aircraft per squadron, that

variable is changed in the model along with the total fleet size. The

B NPT - 25m

number of squadrons is assumed not to change.) The weekly sorties and

flying hours are changed to reflect the new squadron size, and the raw

work-center workloads (before the indirect factors for MR/PA, PA, and
PD are added) are changed to reflect these new flying programs. The
model then branches to Step 5 in the organizational maintenance calcu-

lations.

If the sortie rate or flying days are changed, the model calcu-
lates new flying program values and branches to Step 3 to calculate
new workloads based on these new values. ?

If the maintenance hours are affected, new raw workloads are cal-

culated and the model branches to Step 5 to calculate new personnel

e Sl skl i i G oo = 40
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requirements. If a sensitivity run is made before a run changing the
maintenance workloads by a prescribed factor, the factor will be ap-

plied to the workloads calculated in the earlier sensitivity run rather
than the original workloads.

e e AR

When used properly to achieve the desired results, the sensitivity
option in NAVMAN can be a valuable tool for determining the effects on

personnel of a range of values for a variable that may not be well de-
fined during system development.
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IV. RUNNING THE MODEL: INPUT REQUIREMENTS AND OUTPUT REPORTS

This section presents the information necessary to use the NAVMAN
model. Included are a description of the input requirements, the out- !

put reports, and a sample run of the model.

INPUT REQUIREMENTS :
NAVMAN will accept input from computer cards, tape, or disc data

sets depending on the input medium defined in the job control cards.
The logical record length used is 80 characters~-the length of a stan-
dard computer card. Therefore, although most records require only a
few columns or characters for the input data, each record must be 80
characters long. The numerical data should be entered with the appro-
priate decimal points or right-justified in the proper fields of the
records.

There are five sets of input data; in the order required, they

are:

1. Organizational and flying hour

e A A ORI A BRSNS N 5 T N 2, 0 5 WPARIRF 1 T8

2, Override values (optional)
3. Reliability and maintainability f
4, Intermediate maintenance i
5. Sensitivity analyses (optional)

Each of these input sets is described below,

Organizational and Flying-Hour Inputs (Record Numbers 1 thrqg‘gflg) i

The organizational and flying~hour inputs are vequired by NAVMAN
and are used to determine fleet size and flying programs for sea and
shore. The appropriate formats and required variables are shown in
Table 6. The sortie rate and sortie length variables are sorties per
aircraft per flying day and hours per sortie, respectively. NAVMAN
will estimate personnel requirements for ten different types of fixed-
wing aircraft and helicopters. The various types of aircraft are
listed in Volume II, Table D.1.

B e
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Table 6

ORGANIZATIONAL AND FLYING-HOUR INPUTS

Record No. Columns Format Variable

1 1-80 c80  Title" .

2 1-15 Cl15 Type of aircraft

3 1-4 F4 Number of aircraft per squadron

4 1-4 F4 Number of squadrons

5 1-4 F4 Sortie rate at sea

6 1-4 F4 Sortie rate on shore

7 1-4 F4 Sortie length at sea

8 1-4 F4 Sortie length on shore

9 1-4 F&4 Number of flying days per week at sea
10 1-4 F4 Number of flying days per week on shore
11 1-4 F4 Number of work shifts
12 1-4 F4 Number of override inputs

3he title is printed as a heading on every output report.
The type of aircraft must begin in Column 1.

Override Values (Numbers 13 through 15)

The user has the option of overriding a number of factors stored

in the model* if he has information or knowledge that other values

may be more appropriate for the aircraft being considered. The number
of variables to be replaced is indicated by the number of the override
inputs record (record 12) of the organizational and flying-hour inputs.
Each default input is either 2 or 3 records long, depending on the
variable of interest. The first record specifies the default code

(and therefore the variable of interest) and the next one or two re-
cords contain the values for the variable. The variables and required
formats are shown in Table 7 for the various default codes. The input

records for default overrides are

Record No. Columns Format Variable
13 1 Cl The default variable code
14

15 } see Table 7

*®
These model factors are listed in Volume II, Appendix D.

e -
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There should be as many sets of record numbers 13 through 15 as indi-
cated by record number 12. The last code (default code = 9) allows
the user to preset a number of hours into a work center. This may be
appropriate if there is a workload not covered by the model or the
inputs. :

Reliability and Maintainability (Record Numbers 16 through 17)

The R&M inputs are used to calculate the organizational-level air-
craft maintenance workloads. The number of R&M records is a function
of the amount of data available to the user; the minimum number is
two--one aggregate (XXX code = 999) workload record and the end of
R&M input record (XXX code = 888). The format of the R&M inputs is
shown in Table 8.

Table 8

R&M INPUTS AND VARIABLE DEFINITIONS

Record No. Columns Format Variable (Computer Name)
16 1-2 c2 Type of maintenance data (AA TYPF)
4 Cl Flag for indirect hours (I_TYPE)
6 Cc1 Flag for form of R&M data (J_TYPE)
8 Cl Flag for WUC or WC data (K _TYPE)

10-12 Cc3 WC or WUC indicator (XXX_CODE)
16-19 F4 R&M data (V1)

22-25 F4 R&M data (V2)
28-31 F4 R&M data (V3)
34-37 F4 R&M data (V&)
17 10-12 c3 '888' indicates end of R&M input
NOTES:
AA TYPE either PM, CM, or TM dependir~ on the type of maintenance
data

I_TYPE equal to 1 if AA TYPE = CM and the data do not include any
indirect hours; equal to O otherwise

J_TYPE for CM and TM data
= 1 if using MMH/FH
= 2 if using MMH/S
= 3 if using MTBF/MTTR
for PM data, this field is ignored by the model

Pz g v



ignored by the model

K _TYPE =
XXX-CODE
Vli: for

for
V2: for

for
V3: for
Vé:
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0 if work-center data

1 if WUC data

the three-digit work-center number or two-digit WUC
= 999 if aggregate data

PM data = MMH/WEEK
CM or TM data = MTBF or MMH/FH or MMH/S

PM data = MMH/FLYING DAY
CM or TM data = MTTR

PM data = MMH/?H; for CM or TM data, this field is

for PM data = MMH/S; for CM or TM data, this field is
ignored by the model.

Intermediate Maintenance (Record Numbers 18 through 20)

The intermediate maintenance inputs are used to calculate the

personnel requirements for the permanent and temporary portions of the

AIMD. The necessary records are listed in Table 9. Record type 18 is

used to determine the TAD requirements per squadron, and record types

19 and 20 are used to determine the number of aircraft being added to

aircraft carriers and NASs in order to determine the effect on the

Table 9

INTERMEDIATE MAINTENANCE INPUTS

Record No. Columns Format Variable
18 4-7 F4 I-level maintenance manhours per week
per aircraft
10-13 F4 Minimum number of avionics skills required
19 4-7 F4 Number of squadrons of these aircraft on
a carrier
10-13 F&4 Total number of aircraft on a carrier
16-19 F&4 Total number of NASs where the aircraft
will be shore-based
20 47 F4 Number of aircraft at the NAS before the
new aircraft are added
10-13 Fé4 The number of squadrons of the new air-

craft added to the NAS

Py
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permanent cadre of the AIMD. The number of record number 20 is equal

to the number of NASs in record 19.

Sensitivity Analyses (Record Number 21)

The user of NAVMAN has the option of performing sensitivity analy-

ses on the model outputs. The format of a sensitivity record (record

21) is:

Columns Format Variable
1 Cl Sensitivity code
2-5 F&4 Sensitivity value 1
6-9 F4 Sensitivity value 2

The sensitivity codes and the appropriate values are listed in Table

10. There may be as many sensitivity runs as the user desires.

Table 10

SENSITIVITY CODES AND INPUT REQUIREMENTS

Sensitivity Variable Sensitivity Sensitivity
Code Affected Value 1 Value 2
1 Aircraft per squadron New number of Not used
aircraft
2 Sortie rate at sea and New sortie New sortie

sortie rate on shore

3 Flying days per week at sea and
flying days per week on shore

rate at sea
New number of
flying days
at sea

rate on shore

New number of
flying days
on shore

Factor applied

4 R&M inputs If changing|Value =
to original
PM 1
oM ) workload
™ 3

The end of the input is designated with a record (record number 22)

containing a Z in column 1.

g o e T
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In summary, NAVMAN requires as input record numbers 1 through 12,

16 through 20, and 22, The other records are

for the percentage spreads of TM hours to “he
centers., Separate R&M data are used for five
130, 131, 210, 230), and a total figure of 10
flying hour (the 999 card) is to be spread to

tion work centers. The model recognizes that

spread evenly to the remaining work centers.

on the sortie rates are needed.

Table 11

SAMPLE NAVMAN INPUT

optional.

A sample input is shown in Table 11. The example is for a fighter

aircraft with 10 aircraft in a squadron. Override values are given

various production work
of the work centers (110,
maintenance manhours per
the remaining 5 produc-

separate inputs are given

for some of the work centers and will adjust the percentages to spread

the remaining aggregate workload; in this example, the 10 hours will be

Finally, sensitivity runs

Record No.

1 THIS IS AN EXAMPLE RUN OF THF NAVMAN MODEL

2 FIGHTER

3 10 AIRCRAFT PER SQUADRON

4 20 NUMBER OF SQUADRONS

5 2.0 SORTIE RATE SEA

6 1.0 SORTIE RATE SHORE

7 13 SORTIE LENGTH SEA

8 1.0 SORTIE LENGTH SHORE

9 5.0 FLYING DAYS WEEK SEA
10 4.0 FLYING DAYS WREK SHORE
11 2 NUMBER OF SHIFTS

12 1 NUMBER OF DEFAULT INPUTS

13 2 OVERRIDE TM SPREADS TO WORK CENTERS

14 (3 s el ) e M) BRI o R et i o S R
15 Gaeslasolia: il el 50 JQied 300440
16 T™ 110 110 2 K&M data
16 ™ 110 130 63 R&M data
16 ™ 110 131 9 R&M data

16 ™ 110 210 2 R&M data

16 ™ 110 230 1 R&M data

16 ™ 110 999 10 R&M data
17 888 End of R&M data
18 75 10 I-level MMH/WEEK/AC, Avionics skills
19 2 90 2 I-level basing data
20 150 10 Data for NAS 1

20 200 12 Data for NAS 2

21 2 1.0 75 Sensitivity for sortie rates
22 Z End of input
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OUTPUT EFFORTS

The basic NAVMAN output consists of five reports--the first two |
are restatements of the user inputs and the last three present the |
manhour and personnel outputs of the model. These five reports are }
printed for the basic set of model inputs and for any sensitivity f
cases desired by the user. Each report is described below and sample

output, based on the input data in Table 11, i{s given as an example,

Report 1: Fleet Description and Operational Assumptions

The first output report presents a recapitulation of the organiza-

tional inputs. The type and number of aircraft and the flying programs
are shown for sea and shore. Also presented are any override values
specified by the user. This summary permits the user to review his
data as well as document the input values that were used to generate

the personnel requirements.

Report 2: Reliability and Maintainability Values

The second output report presents a comprehensive review of the
R&M and the intermediate-level maintenance inputs to the model. The
work-center matrix lists the values for each type of workload data for
PM and CM or for TM. Any user inputs replace zero values in this ma-
trix. If WUC data are entered, an additfonal matrix is printed listing
the type of input (MMH/FH, MMH/S, or MTBF/MTTR) and value for each WUC.

The second part of Report 2 shows the work-center spreads applied
to any aggregate data (999 row of work-center matrix) and to any WUC
data, The values stored in the model are printed unless the user has
specified override values for any or all of the percentage spreads.

The last part of Report 2 presents the intermediate maintenance
inputs used to generate the temporary and permanent portions of the
AIMD,

Report 3: Total Fleet Maintenance Personnel Requirements

The third report presents the total fleet personnel requirements
and appropriate paygrade levels for both the sea and the shore environ-

ments. The paygrade matrix represents organizational maintenance
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requirements for enlisted personnel. The only officers in the organi-
zational squadron (excluding pilots) are in work centers 010, the
Maintenance Office, and are not shown in the paygrade matrix. The

TAD personnel attached to the squadron are shown at the bottom of the
paygrade matrix along with any changes in the permanent portion of the
AIMD.* The total personnel figures shown in the first two lines of
Report 3 are equal to the total of the paygrade matrix plus the total
AIMD TAD plus the total personnel in work center 010.

Report 4: Detailed Squadron Maintenance Personnel Requirements

The fourth report presents the manhour and personnel requirements
by work center for the organizational and intermediate maintenance re-
quirements of an operational squadron. Sea and shore requirements as
well as subtotals by organizational division (aircraft, avionics/arma-
ment, line, and overhead) are presented. A manhour value of 0 for a
work center where personnel are required indicates a directed (position)

manning requirement.

Report 5: Work-Center Hour Breakdowns

The fifth and last NAVMAN report shows the breakdown of the orga-
nizational-level workload by work center and the personnel sensitivi-
ties to these work-center workloads. The total workload is broken into
the PM, CM, AS, and Other hours (FM, UT, and any user override inputs)
components in the first part of Report 5. The last part presents the
number of manhours that can be added to or subtracted from a work cen-
ter's workload without affecting the personnel requirement. For example,
if a work center shows a minus figure of 12 hours and a plus figure of 51
hours, the workload for that work center can be decreased by 12 hours
or increased by 51 hours and the personnel requirement will remain the
same. These statistics can be helpful when evaluating the personnel
effects of any R&M improvements. A minus figure of O often appears

for work centers that are constrained by a minimum manning requirement.

*
The permanent figures could be added to the total personnel re-
quirements if the number of carriers were known.

St 4 ki o ity
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SAMPLE RUN OF THE MODEL

ptain work centers may require a

f the workload and reducing the

A sample of the NAVMAN report printouts are presented below.

REPORT 1--BASIC MODEL INPUTS

THIS IS AN EXANPLE RUN OF THE NAVNAN MODBL

I. PLEET DESCRIPTION AND OPERATIONAL ASSUNPTIONS

Ae
8.
c.
D.

l.
Pa
G.
He

I.

AIRCRAFT TYPE
AIRCRAPT PER SQUADRON
NUNBER OF SQUADRONS
TOTAL PLEET SIZR

SORTLE RATE(SORTIBS/AC/FLYING DAY)
MEAN SORTIE LENGTH (HOURS)
PLYING DAYS PER WEEK

TOTAL FLYING HOURS/SQUADRON/WEEK

TOTAL PLYING HOURS/AIRCRAFT/VEEK

OVERRIDE INPUTS
CODE VALURS

2
2

0 0 0 0 0 0
o 0 .1 .‘ I‘ .‘

oo

5.0

150.00

15.00

O -

e 0

PIGHTER

- b

SHORE

1.00

1.00
8.0

40.00

.00

s, .
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REPORT 2--BASIC MODEL INPUTS

THIS IS AN EXANPLE RUN OF THE NAVNAN NODEL

II. RBELIABILITY AND MAINTAINABILITY VALURS '
A. INPUTS
WORK CRMNTER (L] ca/Tn
NNH/W NNR/D HAH/PH NBH/S HAH/FH NAH/S NTBPF HTTR 3
110 POWER PLANTS BRANCH 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 !
120 AIRPRABES BRANCH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
121 CORROSION CONTROL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
130 AVIATOR EQUIPNENT 0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.00
131 SAPETY BQUIPMENT 0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.00
210 BLECTRICAL BRANCH 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00
211 ELBCTRONIC FIRE CONTROL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
220 ELECTRICAL/INSTRUMRNTS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
230 WEAPONS BRANCH 0.00 0,00 0.00 0.00 1.00 0.00 0.00 0.00
240 PHOTO SHOP 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00
310 PLANE CAPTAINS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
999 AGGREGATE 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00

B. PH AND CH SPREAD BY WORK CENTER (%)

190 120 121 130 131 WO 210 211 220 230 310 320

TR - VP,VA «100 .100 .100 100 .100 .000 .100 .100 . 100 .100 . 100 .000
PR - VF, VA «096 .235 .000 .003 .065 .000 .034 .030 .O44 .162 .331 .000 i
] CN - VF,VA «095 .173 .063 ,011 .053 .000 .079 .090 .124 .110 .202 .000 5

C. AIND INPUTS

i

|

|

MAH PER AC PER WEEK 7% ,
NUNBER OF SQUADRONS ON A CARRIER 2 ;
TOTAL NUMBER ALL AIRCRAPT ON A CARRIER 90 i
NUABER OF NAS DEPLOYED 2 |

AIR STATION NO. OF AC NO. SQ. ADDED

1 150 10 5

2 200 12 ;

-

NUNBER OF AVIONICS SKILLS 10 ]

R ———————— e S TN S
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E-9
E-8
B-7
B-6
B-5
E-4
B-3
E-2
* TOT

AIND

ADDED

¢ DOBR
LT. C

bk

REPORT 3--BASIC MODEL INPUTS

THIS IS AN EXABPLE RUN OF THE NAVHAN RODEL
III. TOTAL PLEET MAINTENANCE NANPOWER REQUIRENENTS
TOTAL PERSONNEL WHEN CARRIER DEPLOYED IS 3360.0
TOTAL PERSONNEL @HEN AT WAVAL AIBRSTATION IS 2500.0
BY PAYGRADE:

SEA SHORE
PER SQUADRON TOTAL FLEET PER SQUADRON TOTAL PLEET
1.00 20.00 1.00 20.00
5.00 100.00 3.00 60.00
8.00 160.00 4.00 80.00
21.00 420.00 19.00 380.00
29.00 580.00 14.00 280.00
33.00 660.00 20.00 4800.00
52.00 1040.00 35.00 700.00
0.00 0.00 0.00 0.00
AL 149.00 2980.00 96.00 1920.00
TAD 18.00 360.00 28.00 560.00
AIND CADRE PEBRSONNEL
PER CARRIER 2.00
NAS- 1 12.00
NAS- 2 17.00

S MOT INCLUDE PERSONMEL IN MAINTENANCE OFPFICE (WCO10) WHICH ARE ]
nDRS 1

S »
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REPORT 4--BASIC MODEL INPUTS

it

THIS IS AN EXANPLE RUN OF THE WNAVNAN HODEL
IV. DBETAILED SQUADRON HAINTENANCE NANPOWBR REQUIBEAEANTS

YORK CENTER SEA SHORE
HAVHOURS HNANPOWER HANHOURS NANPOWER
i 010 HAINTENANCE OPFICER 0.00 1.00 0.00 1.00
¢ 020 WAINTENANCE/MATERIAL CONTROL 201.16 7.00  148.05 8.00
§ 030 BATETENANCE ADAINISTRATION 0.00 1.00 0.00 1.00
P 3 040 QUALITY ASSURANCE 0.00 8.00 0.00 8.00
B s 050 MNATERIAL COSTROL 187.55 3.00 92.35 3.00
f 060 DATA ANALYSIS 0.00 1.00 0.00 1.00
E S0B TOTAL OVERHEAD 388.71 21.00  280.41 22.00
100 AIRCRAPT DIVISION 0.00 1.00 0.00 100
110 POWER PLANTS BRANCH 799.45 13.00  213.87 ' 00
120 AIRPRANES BRANCH 766.13 12.00  233.5% 7.00
121 CORROSION CONTROL 585.54 9.00  169.05 5.00
130 AVIATOR EQUIPAENT 214.38 4.00 66.55 2.00
131 SAPETY EQUIPHENT 277.18 5.00 91.36 3.00
130 PLANNED NAINTENANCE 77.59 2.00 31.75 1.00
SUB TOTAL AIRCRAPT DIVISION 2720.28 86.00  806.12 26.00
200 AVIONICS/ARNANENT DIVISION 0.00 1.00 0.00 1.00
210 ELECTRICAL BRANCH 808.56 13.00  223.05 7.00 -
211 ELECTRONIC PIRE CONTROL 875.30 18.00  240.31 8.00 .
220 ELECTRICAL/INSTRUARNTS 828.83 13.00  228.08 7.00 ¢
230 WEBAPONS BRANCH 468. 10 16.00  121.46 16.00
200 PHOTO SHOP 0.00 0.00 0.00 0.00 |
SUB TOTAL AVIONICS/ARNANENT DIVISIO  2980.79 57.00  812.89 39.00 -
300 LINE DIVISION 0.00 1.00 0.00 1.00
310 PLANE CAPTAINS 1008.48 20.00  281.62 9.00
320 TROUBLE SHOOTERS 0.00 5.00 0.00 0.00
; SUB TOTAL LISE DIVISION 1008.48 26.00  281.62 10.00
2 ORGANIZATIOBAL
1 SAINTENANCE TOTAL 7096.25  150.00 2141.04 97.00
% AISD TAD REQUIREBAENTS
] PONER PLANTS 4.00 6. 00
AIRPRASES 2.00 $.00
A AVIONICS 10.00 18.00
. ARBARENT 1.00 2.00
AVIATOR EQUIPERE 1.00 2.00

#
|
i




010
020
030
040
0s0
060
100
110
120
21
130
n
140
200
210
21
220
230
280
300
310
320

110
120
m”
130
13
210
211
220
230
240
310

SEBA
WORK CERATRR ca (L] AS ora TOT ca Pa
BAIUTERNANCE OFPICER 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HATETERNANCR/BATERRIAL CO 0.0 0.0 179.5 21.7 2012 0.0 0.0
BAINTREANCE ADHINISTRAT 0.0 0.0 0.0 0.0 0.0 0.0 0.0
QUALITY ASSURANCE 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SATERIAL COMNTROL 0.0 0.0 166.3 21.3 1872.6 0.0 0.0
DATA ANALYSIS 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AIBCRAPT DIVISION 0.0 0.0 0.0 0.0 0.0 0.0 0.0
POUER PLANTS BRANCH 386.1 198.9 157.9 56.6 799.5 87.1 846.0
AIRPRAABS BRANCH 329.8 212.9 165.8 $8.0 1766.1 88.2 SA.8
CORROSION CONTROL 495.0 0.0 085.2 S.3 S565.5 132.0 0.0
AVIATOR RQUIPHRUT 99.2 19.5 80.5 15.2 2.0 26.5 S.2
SAPETY RQUIPABNT 70.2 50.7 132.6 19.6 277.2 19.8 13.5
PLANNED HAINTERNANCE 0.0 0.0 7.0 6.6 77.6 0.0 0.0
AVIOWICS/ARBAMBRUT DIVIS 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ELECTRICAL BRANCH 498.1 108.8 129.8 72.2 808.6 127.9 28.1
BLECTRONIC PIRE COBTROL 522.4 88.6 186.3 81.9 875.3 13N.2 2V.8
BLECTRICAL/TNSTRUARNTS S508.2 102.8 170.5 St.4 828.8 119.5 26,8
WEAPONS BRANCH 187.2 10S.3 123.1 $2.5 68,1 2.2 8.3
PROTO smopP 0.0 0.0 0.0 0.0 0.0 0.0 0.0
LINE DIVISION 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PLABE CAPTAINS 297.0 28S.7 276.7 191.1 1008.5 72.6 60.8
TROUBLE SHOOTERS 0.0 0.0 Q.0 0.0 0.0 0.0 0.0
SAMPQUER SEMSITIVITY TO WORKLOAD
SEA SROSE
WORK CRNTER AINUS HOURS REQ HOURS PLUS HOURS RINUS ROURS RBQ ROURS PLUS mOURS
POWER PLANTS BRANC 12.0 799.5 1.0 7.5 213.9
AIRFRANES BRANCEH 41.6 766.1 21.8 27.2 233.5
CORROSION CONTROL 56.3 585.5 9.8 3.5 169.1
AVIATOR BQUIPHEET 15.9 214,48 50.2 32.2 66.6
SAPRTY EQUIPHEMNT 12.6 277.2 53.6 22.6 9.4
BLECTRICAL BRANCH 21.1 808.6 a9 16.7 223.0
ELRCTRONIC PIRR CO 24.8 875.3 38.2 1. 200.)
ELECTRICAL/INSTRUA 8.3 828.8 21.7 21.7 228.1
WEAPONS BRANCH 0.0 468.1 ST.8 0.0 12498
PROTO sHOP 0.0 0.0 0.0 0.0 0.0
PLABE CAPTAINS 0.0 1008.5 251%.5 10.5 201.6
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REPORT 5--BASIC MODEL INPUTS

THIS IS AN BXASPLE B0M OF THE WAVAAW RODERL

v. SORK CRUTER HOUR BREAKDOWNS

sHoae
AS ora
0.0 0.0
139.3 8.8
0.0 0.0
0.0 0.0
86.7 5.7
0.0 0.0
0.0 0.0
68.6 16.2
67.8 26.8
38.9 2.2
32.9 1.9
54.3 3.8
29.1 2.7
0.0 0.0
s,.o ‘..‘
76.2 8.1
69.8 14.0
$0. % 8.5
0.0 0.0
0.0 0.0
112,84 35.8
0.0 0.0

25.8
s.’
2.9
2.2

1.8

16.2

30.8

1.2

808, 9
0.0
2.0

ToT

188.1
0.0

92.6
0.0
0.0

213.9
233.5
169. 1
66.6
"..
31.8
0.0
223.0
280.3
228.1
121.5

0.0

281.6
0.0
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REPORT 1--SENSITIVITY CASES

THIS IS AN EXANPLE RUN OF THE NAVHAN HODEL

I.

PLEET DESCRIPTION AND OPERATIONAL ASSUMPTIONS

A.
B.
c.
D.

E.
P.
G.
H.

I.

AIRCRAPT TYPE FIGHTER
AIRCRAFT PER SQUADEON 10
NUMBER OF SQUADRONS 20
TOTAL PLEET SIZE 200
SEA
SORTIE BATE(SORTIES/AC/FLYING DAY) 1.00
MEAN SORTIE LENGTH (HOURS) 1.50
FLYING DAYS PER WEEK 5.0
TOTAL PLYING HOURS/SQUADRON/WEEK 75.00
TOTAL FLYING HOURS/AIRCRAFT/WEEK 7.50

B

—

SHORE

0.75

1.00
a.o

30.00
3.00

R R

AW AT WA

RGeS A
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REPORT 2~~-SENSITIVITY CASES

TRIS IS AN BXANPLE RUN OF THE NAVNAN NODEL
II. RBELIABILITY AND MAINTAINABILITY VALUBS !

A. INPOTS
WORK CRENTER PR cn/TH

BAH/VW HMAH/D NRRH/PR MNB/S NAH/FR NGH/S ATBP ATTR
110 POURR PLAMTS BRANCH 0.00 0.00 0.00 0.00 2.06 0.00 0.00 0.00
120 AIRPRANES BRANCH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
121 CORROSION CONTROL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
130 AVIATOR BQUIPNENT 0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.00
131 SAPETY EQUIPHENT 0.00 0,00 0,00 0.00 0.50 0.00 0.00 0.00
210 BLECTRICAL BRARCH 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00

211 BLECTRONIC PIRE CONTROL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
220 ELECTRICAL/INSTRUNBETS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

230 WEAPONS BRANCH 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00
240 PHOTO SHOP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
310 PLAME CAPTAINS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
999 AGGREGATE 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00

8. PH AND CH SPREAD BY WORK CENTER (%)
110 120 121 130 13t 140 2%0 21t 220 230 310 320

™ - VP, VA .100 . 100 .100 .100 .100 .000 .00 . 100 .100 .100 .100 .000
PY - VEF,VA 096 .235 .000 .003 .065 .000 .03% ,030 .044 .62 .33V .000
ca - VP, VA <095 .173 .063 .01? .053 .000 .079 .090 .124 .110 ,202 .000

C. AXIBD INPUTS

NBR PRR AC PER WEEK 75
WORBBR OF SQUADRONS ON A CARRIER 2
TOTAL RURBER ALL AIRCRAFT ON A CARRIER 90
NUNBER OF NAS DEPLOYRED 2
AIR STATION MO. OF AC N0. SQ. ADDED
1 150 10
2 200 12

NUNBER OF AVIONICS SKILLS 10

M T N ¥
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REPORT 3--SENSITIVITY CASES

THIS IS AN EXABPLE RUN OF THE WAVHAN HODEL

III. TOTAL FLEET HAILNTENAUCE BANPOWER REQUIREBENTS
TOTAL PERSOMNEL WAEN CARRIER DEPLOYED IS 2560.0
TOTAL PERSOMNEL WHEN AT NAVAL AIRSTATION IS 2300.0

BY PAYGRADE:

SEA SHORE
PER SQUADRON TOTAL PLEBT PER SQUADRON TOTAL PLEET
B-9 1.00 20.00 1.00 20.00
E-8 4.00 80.00 3.00 60.00
B-7 4.00 80.00 8.00 80.00
B-6 18.00 360.00 18.00 360.00
B-5 19.00 380.00 18.00 280.00
E-4 21.00 420.00 18.00 360.00
B-3 42.00 840.00 28.00 $60.00
B-2 0.00 0.00 ' 0.00 0.00
* TOTAL 109.00 2180.00 86.00 1720.00
AIND TAD 18.00 360.00 28.00 $60.00
ADDED AIND CADRE PERSONNEL
PER CARRIER 2.00
NAS- 1 12.00
WAS- 2 17.00

¢ DOBS NOT INCLUDE PERSONNEL IN NMAINTENANCE OFFICE (WCO10) WHICH ARE
LT. CHDRS




WORK

010
020
030
040
050
060

SUB TOTAL

100
110
120
21
130
131
140
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REPORT 4--SENSITIVITY CASES

THIS IS AN EXAHPLE BUN OF THE NAVHAN NODBL

IV. DETAILED SQUADRON BAINTENANCE HANPOWER REQUIRENENTS

CENTER

SAINTENANCE OPPICER
HAINTENANCE/NATERIAL CONTROL
SATNTEWANCE ADNINISTRATION
QUALITY ASSURANCE

BATERIAL CONTROL

DATA AMNALYSIS

OVERHEAD

AIRCRAPT DIVISION
POWER PLANTS BRANCH
AIRFRANES BRANCH
CORROSION CONTROL
AVIATOR EQUIPARNT
SAPFETY EQUIPHENT
PLANNED NAINTEMANCE

SUB TOTAL AIRCRAFT DIVISION

200
210
21
220
230
240

AVIONICS/ARNANENT DIVISION
ELECTRICAL BRANCH
ELECTRO¥IC FIRE CONTROL
ELECTRICAL/INSTRUABNTS
WEAPONS BRANCH

PHOTO SHOP

SUB TOTAL AVIONICS/ARMANEBMNT DIVISIO

300
310
320

SUB TOTAL

LIMNE DIVISIOMN
PLANE CAPTAINS
TROUBLE SHOOTERS

LINE DIVISION

ORGANIZATIORNAL

BAINTREAN

ALND TAD
POVER PLA
AIRFRANES
AVIONICS
ARBABENT
AVIATOR B

CE TOTAL

REQUIREBNENTS
TS

QUIPAEN

SBEA SHORE
HANHOURS HAMPOMER HNAMROURS HNANPOWER
0.00 1.00 0.00 1.00
172.04 6.00 188,17 8.00
0.00 1.00 0.00 1.00
0.00 8.00 0.00 8.00
129.73 2.00 84.65 3.00
0.00 1.00 0.00 1.00
301.78 19.00 228.82 22.00
0.00 1.00 0.00 1.00
437.29 7.00 168.81 5.00
421.54 7.00 184,01 6.00
301.57 $.00 13119 8. 00
120.68 2.00 54.06 2.00
157.58 3.00 75. 82 3.00
46.34 1.00 27.59 1.00
1884.99 26.00 641.07 22.00
0.00 1.00 0.00 1.00
488.93 7.00 174.06 6.00
488.78 8.00 190. 25 6.00
852.70 7.00 179.82 6.00
267.84 16.00 97.61 16.00
0.00 0.00 0.00 0.00
1658. 24 39.00 631,74 35.00
0.00 1.00 0.00 1.00
591.29 20.00 228.81 7.00
0.00 $.00 0.00 0.00
591.29 26.00 228.81 8.00
4036.29 110.00 1740.43 87.00
8.00 6.00
2.00 .00
10.00 14.00
1.00 2.00
1.00 2.00
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REPORT 5--SENSITIVITY CASES

THIS IS AN EEXABPLE RUM OF THE NAVHAN MODEL
v. WORK CEMTER HOUR BREAKDOWES

SEA SHORE
WORK CENTER ca 4. AS oTH TOT ca PR AS OTH TOT
010 MAINTENANCE OPFICER 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
020 NMAINTENANCE/NATERIAL CO 0.0 0.0 152.1 20.0 172.0 0.0 0.0 135.6 8.5 144.2
030 BAINTEMNANCE ADRINISTRAT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
040 QUALITY ASSURANCE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
050 MATERIAL CONTROL 0.0 0.0 112.0 17.7 129.7 0.0 0.0 79.5 5.2 88.6
i 060 DATA ANALYSIS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
| 100 AIRCRAPT DIVISION 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
| 110 POVER PLANTS BRANCH 193.0 99.% 9¢.3 50.5 437.3 65.3 4.5 S6.1 12.9 168.8
| 120 AIRPRABES BRANCH 164.7 106.5 99.0 51.4 421.5 63.1 41.1 58.9 20.9 184.0
| 121 CORROSION CONTROL 247.5 0.0 50.9 3.2 301.6 99.0 0.0 30.3 1.9 131.2
130 AVIATOR EQUIPAENT 49.6 9.7 48. 1 13.2 120.7 19.8 3.9 28.6 1.7 S&4.1
131 SAPETY EQUIPHENT 37.1 25.3 79.2 15.9 157.6 14.8 10.1 47.1 3.3 75.4
140 PLANNED BAINTENANCE 0.0 0.0 2.4 3.9 46.3 0.0 0.0 25.3 2.3 27.6
200 AVIONICS/ARBANENT DIVIS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
210 ELECTRICAL BRAMNCH 249.1 S4. 8 77.3 68.1 448.9 95.9 21.1 46.0 11.0 178.1
211 ELECTRONIC FIRE CONTROL 261.2 2.3 111.2 74.0 488.8 100.6 16. 4 66.2 7.0 190.2
9 220 ELECTRICAL/INSTRUMBMNTS 252.1 51.4 101.8 47.4 852.7 89.6 18.6 60.6 11.0 179.8
é 230 WEAPONS BRANCH 93.6 52.6 73.5 48.1 267.8 31.7 18.3 83.8 3.9 97.6
240 PHOTO SHOP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
300 LINE DIVISION 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
310 PLANE CAPTAINS 148.5 122.8 164.0 155.9 591.3 S4. 4 45.6 97.7 31.1 228.8
320 TROUBLE SHOOTERS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HANPOWER SENSITIVITY TO WORKLOAD
SEA SHORE
WORK CENTER MINUS HOURS REQ HOURS PLUS HOURS NINUS HOURS REQ HOURS PLUS HOURS
110 POWER PLANTS BRANC 40.4 437.3 25.8 31.3 168.8 3.
120 AJRFPRANES BRANCAH 24.6 221.5 31.5 12.0 184.0 22.3
121 CORROSION CONTROL 37.0 301.6 29.2 28.0 131.2 6.4
130 AVIATOR EQUIPHENT 54.5 120.7 1.6 19.7 58.1 8.7
131 SAPETY EQUIPHMENT 25.3 157.6 40.9 6.6 75. 8 27.7
210 BLECTRICAL BRANCH 52.0 448.9 18.1 2.1 174.1 32.3
211 BELECTR0BIC FIRE CO 25.7 488.8 80. 4 18.3 190.2 16. 1
220 ELECTRICAL/INSTRUS 55.8 452.7 10.4 7.8 179.8 26.5
230 WEAPONS BRANCH 0.0 267.8 M.7 0.0 97.6 828.7
240 PHOTO SHOP 0.0 0.0 0.0 0.0 0.0 0.0
310 PLANE CAPTAINS 0.0 591.3 668.7 22.4 228.8 10.%
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V. POSSIBLE NEXT STEPS AND MODEL EXTENSIONS

This report has described NAVMAN, a model that can be used to
estimate maintenance personnel requirements for Navy aircraft. The
computer program has been validated by checking the output of the
entire program and selected individual sections of the program with
hand-calculated results. However, a useful further step would be to
verify that the model truly replicates the current Navy techniques
for estimating personnel requirements. This could be accomplished
by obtaining the wnecessary input data for one or more SQMDs. By
using these data as inputs to NAVMAN, the output reports could be
verified with the results in the SQMDs. Because the SQMDs include
pilot hours and other direct manning hours obtained from operational
audits, the SQMD personnel values (or the NAVMAN values) may need to
be modified to make the proper comparisons.

As we used the model, we became aware that a number of modifica-

tions or extensions might be desirable. Among these are:

o Include the capability to change the number of squadrons
along with the number of aircraft when performing sensitiv-
ity analysis. This would allow the user to hold the fleet
size constant while determining the effects on personnel of
various squadron sizes. Originally, only the number of air-
craft was considered as a sensitivity variable because there
is only a fixed (typically constant) number of carriers and
therefore a fixed number of squadrons required. However, we
believe that changing the fleet size through changing the
number of squadrons may at times prove useful.

o Develop a routine or submodel that would generate work-center
maintenance workloads as a function of a wide range of R&M
inputs. We attempted to provide as much flexibility as
possible in terms of the input data. However, other forms
of data may be available and useful. For example, data

entered by WUCs are totaled and the total is spread to the




work centers. The model handles WUC data in this fashion
because we could not determine a clean crossover from a
given WUC to the appropriate work center during our limited
analysis. Further research may discover a better way of
determining the work-center workloads from detailed WUC
data. Because of the potentially large number of various
forms of R&M inputs, the generation of maintenance workloads
should be separated from the manipulation of the resulting

workloads into the personnel requirements.

o Include as part of the overall model a data base of histori-

cal R&M values and personnel figures. The capability of

referencing and using historical data may prove useful, il
Typically, for new aircraft, data on preceding systems are @
used as analogs when estimating personnel requirements. If
sufficient data were available in the proper formats, a user
could specify a like system or subsystem (with a correction
factor for reliability improvements) as the input R&M para-

meters. We have provided in Volume II some historical R&M

data collected during our analysis.

Finally, as has been mentioned previously in this report, it is
imperative that the model be kept up to date with all changes in the
Navy's personnel estimating methodology. Currently, ACM-02 is being

revised and updated. The resulting changes should be incorporated
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in NAVMAN. The computer program has been constructed in a structured,

module fashion to readily permit extensions and updates.




