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ABSTRACT

The Navy's Aeronautical Depot Maintenance Program, at an annual cost of over $600
million, includes the rework of aircraft, engines, and components performed at seven
Naval Aircraft Rework Facilities, commercial sources, and the rework facilities of the

other services.

This study documents a five-year planning model which produces detailed production
plans and budgets for the entire Depot Maintenance Program. Using the method of linear
programming, the model determines minimum cost workload assignments which satisfy
all depot maintenance requirements. Several physical and manpower capacity measures
are used to ensure that plans are within the production capabilities of each rework facil -
ity. The model allows for multiple shift operations, changes in the size and distribution
of the work force, and the assignment of work to non-Navy facilities.

A production plan and budget for FY-1974 and various sensitivity analyses are pre-
sented to illustrate the model's uses,
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SYNOPSIS
PROBLEM

Changes in the level, mix, and activity of Naval aircraft forces affect the depot main-
tenance requirements for the Navy's Aircraft Rework Facilities. Navy managers must have
the capability to prepare production plans and budgets which reflect the impact of these
changes on the rework system, so that requirements are met in a timely and efficient
manner.

OBJECTIVES

As set forth in the Study Directive (appendix A), the study's primary objective was the
development of a long-range planning model for the Navy's Aeronautical Depot Mainten-
ance Program which would:

e generate and evaluate alternative rework production plans under varying
. force levels

e include all depot maintenance activities such as aircraft, engine, and com-
ponent reworks and general support functions

e reflect the production capability of all Naval Aircraft Rework Facilities
METHOD

A long-range planning model was developed using a mathematical optimization tech-
nique known as linear programming. The model determines for each year in a five-year
planning horizon the workload assignment which minimizes total program costs, meets all
depot maintenance requirements and is consistent with the rework system's capabilities.
The model covers the entire Depot Maintenance Program which not only includes all depot
maintenance for the Navy but also the work done by the Navy for the other services and
other government agencies. Similarly, the model includes all alternative rework facilities
to which the work can be assigned such as the seven Naval Aircraft Rework Facilities, the
rework facilities of the other services, and commercial sources. Each of the Navy's re-
work facilities is modeled in detail to ensure that production plans are consistent with
the rework system's capabilities. This includes consideration of shop capacities, the
level and distribution of manpower, and multiple shift operations.

RESULTS

Three case studies were conducted to test the model and illustrate its uses. A pro-
duction plan and budget for FY-1974 was developed for each case. The first case is an
actual production plan and budget prepared by the Naval Air Systems Command's Long
Range Planning Group. This plan serves as a base case to which the remaining cases are
compared. The same data base and the same depot maintenance requirements were used
for all three cases so that meaningful comparisons are possible.
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The second and third cases are considered conservative uses of the model. For these
cases, the model was allowed to deviate from NavAir's plan on only 28 percent of the total
workload. In addition, for the workload assignments allowed to change, the amount of vari-
ation from NavAir's plan was restricted to 5 and 10 percent for Cases II and III, respec-
tively. Even given these restrictions, the model produced savings of $2. 22 million for
Case II and $4. 21 million for Case IIl. These savings resulted from the assignment of
work to lower-cost facilities, changes in the amount and distribution of multiple shift op~-
erations and a reduction in the manpower adjustments required. With respect to man-
power, Case II generated cost savings by eliminating the need to hire 108 men at one
facility, and reducing the number to be separated at the remaining facilities by 155 men.
Similarly, Case III reduced hiring requirements by 173 men and separation requirements
by 228 men.

The model has an extensive parametric capability which allows quick evaluation of
changes in:
Requirements
Capacities
Manpower

Workload assignments

Basic data inputs

Thus, depot maintenance requirements may be varied over any specific range, and the
model produces production plans and budgets for the entire range. This feature can be
used to generate the information necessary for trade-offs between requirements and
budgets. This feature can also be used to evaluate the effects of changes in the amount
and distribution of shop capacity and manpower or changes in the allocation of work be-
tween the rework facilities. The parametric feature is used to illustrate the effects on
total program costs of changes in depot maintenance requirements.

RECOMMENDATIONS

It is recommended that the model be used on a continuing basis within the Naval Air
Systems Command's existing Aeronautical Depot Maintenance Long Range Planning and
Programming System.
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PREFACE

The Navy's interest in what is the proper level of support for its operating forces has
increased sharply during the past year due to the continuing scarcity of funds. In the Fall
of 1971, the Navy established the U. S. Naval Support Establishment Project under the
general direction of DCNO Logistics. The purpose of the project was an extensive re-
examination of support requirements to assist program decisions to be made the following
Spring. Realizing that the support area is complex and difficult to measure, the CNO
simultaneously directed the Director, Systems Analysis Division, Op-96 to conduct longer
term research efforts in the development of methodologies for measuring the support re-
quired for the operating forces. The Naval Aircraft Rework Facility Study was one of
several studies included in the CNO's FY-1972 Study Program. At the same time, the
Office of Assistant Secretary of Defense, Systems Analysis, OASD(SA), also requested
that the Navy conduct a Selected Analysis of its aircraft rework program. It was agreed
that the NARF study could also serve as the Navy's response to OASD(SA)'s request.

The Center for Naval Analyses began work on this study in mid-November 1971.

As set forth in the Study's Directive (appendix A), the study's primary objective was
the development of a model suitable for the long range planning and budgeting of the Navy's
Aeronautical Depot Maintenance Program. The model developed generates and evaluates
alternative production plans and budgets for the entire Depot Maintenance Program which
includes aircraft, engine and component reworks and general support functions required
for Naval aircraft forces. This effort has required a heavy emphasis on methodological
issues and development of the computer software necessary to implement the model.

This report is intended for those concerned with the overall problems of planning
depot maintenance. The scope of the Depot Maintenance Program, the current planning
system used for programming and budgeting, and several major policy issues are dis-
cussed first. This is followed by a non-technical discussion of the model along with a
case analysis for FY-1974 illustrating the model's uses. This discussion is based upon
an initial version of the model which has been revised and extended.

The most recent version is discussed in two additional documents, more technical
in nature, which are intended for those who wish to use the model. A User's Manual
(reference (b)) contains the instructions on how to use the computer program and a
complete description of the mathematical formulation of the model. A Programmer's
Manual (reference (c)) contains the detailed program listings, flow charts and other
supporting information designed to facilitate program installation and modifications which
may be desired in the future.

-ix -
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CHAPTER 1
INTRODUCTION
BACKGROUND

The immediate past has been a period of reduced funding and dramatic reductions in
Naval forces. The following is from the Chief of Naval Operations statement before the
Senate Armed Services Committee concerning FY-1973 Military Posture and Budget of the
United States Navy:

In actual strength, too, the budget you are considering provides
for forces that are reduced below the levels of 1965, that is, be-
fore the Vietnam buildup:

ships - down 37 percent

aircraft - down 18 percent

military personnel - down 10 percent

Reductions in Naval activity to meet reduced budget constraints have been accomplished
mainly through the above force reductions; corresponding reductions in the Navy's sup-
port structure have not been as significant. Since additional economies will be difficult
to achieve through further force reductions, the Navy has focused its attention on its
support establishment. Concern over what is the proper level of support is not new, but
clearly, it has taken on increased importance.

The crucial questions which must be addressed are:
What specific support activities can be reduced?

To what level can these support activities be adjusted and still maintain
an effective fighting force?

These are not trivial problems since support includes a large number of complex and
heterogeneous activities, many of which are hard to quantify and difficult to relate to
force effectiveness.

Effective planning and management of the aircraft support establishment is even more
crucial now that aircraft inventories are low. The number of aircraft in the Navy's in-
ventory is not as important as the number of aircraft capable of performing their mission,
which is determined by the level of support provided. The average NORS/NFE (Not Oper-
ationally Ready Supply/Not Fully Equipped) rate for all Navy aircraft has ranged up to 20
percent during the past two years. A 20 percent rate implies one out of every five air-
craft cannot perform its primary mission. During this time the Navy also has been forced
to delay the rework of approximately 13 percent of its aircraft beyond their normal rework
intervals. In addition, this percentage has been increasing over the time period.




There are three levels of maintenance for Naval aircraft:

e Organizational
e Intermediate
e Depot

The functions performed increase in complexity from the first level to the third, re-
quiring more specialized skills, tools, equipment, and facilities. The first two levels
are in direct support of operating squadrons.

The day-to-day maintenance of an aircraft is accomplished by squadron maintenance
personnel at the organizational level. This includes flight preparations and checks, cal-
endar inspections, preventive maintenance, repair of downed aircraft and trouble-shooting.

The intermediate maintenance activity jointly serves the squadrons deployed on a
carrier or at a Naval Air Station. The intermediate maintenance activity performs main-
tenance functions beyond the capability of the organizational level; a major portion of their
work is the repair of failed components which have been removed from the aircraft.

Depot maintenance includes major maintenance functions, such as rework and over-
haul of aircraft, engines, and components. These functions are mainly performed in the
United States at large industrial facilities.

The planning of the Depot Maintenance Program is the subject of this report.
AERONAUTICAL DEPOT LEVEL MAINTENANCE

All depot level maintenance can be described in terms of the 10 major programs dis-
played in table 1. The first five programs are the most important and account for 90-95
percent of the cost of depot maintenance. A few of the sub-programs or specific rework
activities which are performed are shown under each major program. The complete set
of sub-programs which includes 44 different activities is given in appendix B.

The aircraft program includes all standard aircraft reworks such as progressive
aircraft rework (PAR), inspect and repair as necessary (IRAN), overhaul, modernization,
modification, conversion, analytical rework and crash/battle damage overhaul. The PAR
is the largest activity in the aircraft program. An aircraft is returned to the depot for a
PAR several times during its service life. The PAR involves a complete examination and
evaluation, disassembly, rework of components, assembly, and test. The work is quite
extensive and can require several months to complete. The term "progressive" serves to
indicate that the work performed is tailored to the specific time in an aircraft’'s service
life when it is undergoing PAR., Modification is the alteration of the physical make-up of
an aircraft to include technical improvements. A conversion is more extensive, changing
the mission, performance or capability of an aircraft to such an extent as to effect a change
in its Type/Model/Series (T/M/S) designation, e.g., F4-B to F4-N.



10.

Alircraft:

Engines:

Aircraft & engine
accessories and
components:

Electronics and
communication
equipment:

Other support:

Special support:

Other maintenance
programs:

Armament

Manufacturing:

Contingency
reserve:

TABLE 1
MAJOR PROGRAMS

DEPOT LEVEL MAINTENANCE

standard aircraft rework programs: progressive aircraft

rework, modifications, conversions, crash damage overhaul...

engine repair, overhaul,...

depot level repair and rework of repairable components

field rework for force and general support requirements:
aircraft in-service repair, modernization/modification,
preservation/depreservation, field teams, salvage, fleet
training, Naval Engineering Support programs, ground
support equipment program, technical assistance...

non-programmed aircraft and engines, accessories and
components, electronic and communications equipment,
force support, test equipment calibration and indirect
NARF support

special federal personnel programs, special systems sup-

port, deep freeze, attaches, Defense Intelligence Agency,...

missile-oriented repair, ordnance and targets. ..

NARF in-house fabrication and manufacturing for stores
and modification.

activation and inactivation, storage and renovation of
aircraft

The engine program includes the overhaul and repair of aircraft engines. Engines

are returned periodically to the depot, on the basis of flying hours, for an overhaul.
Similarly, engines which have failed in the fleet and are beyond the repair capabilities of
the organizational and intermediate maintenance activities are returned for repair,




The third and fourth programs together constitute what is commonly termed the com-
ponent rework program. The distinction between the third and fourth programs is based
on the type of component that is reworked. The component rework program is especially
important since the grounding of an aircraft is usually caused by the failure of a component
and the lack of a spare to replace it. Because components are expensive, it is usually
profitable to repair them; the recovery rate ranges from 80 to 90 percent. Thus, after
the initial outfitting of an aircraft, the replacement components received by the supply
department for squadron support are predominantly components which have been reworked
at either the intermediate or depot maintenance level.

The magnitude of the Depot Maintenance Program is evident from the actual FY-1971
program costs given in table 2. The table summarizes the costs incurred at the seven
Naval Aircraft Rework Facilities. The total cost of this effort was $574 million, with the
aircraft, engine and component programs accounting for 36, 18, and 26 percent of the
costs respectively. All other program costs, representing 20 percent of total costs, are
included in the other category. A predominant portion of the work, $465 million, was paid
for by Operations and Maintenance, Navy funds. The remaining $108 million includes some
other Navy work and the work performed for non-Navy customers.

TABLE 2

COST SUMMAR Y*
NAVAL AIR REWORK FACILITIES
FY-1971

(Millions of dollars)

Fund Source

Program O&MN (Navy gtg(c;ll;-Navy) Total Percent
Aircraft 180. 94 26. 13 207. 07 36. 2
Engines 87.92 15. 62 103. 54 18. 0
Components 135.95 10. 58 146. 53 25.5
Other support _60.57 56. 41 116,98 20. 3
Total 465. 38 108. 74 574. 12 100.0

*From: Performance Summary Report for Naval Air Rework Facilities, Annual,
FY-1971, Depot Management Division, Asst. Cdr. Logistics Fleet Support,
NavAirSysCom, Wash,, D.C. 20360




Depot level maintenance for the Navy is accomplished not only at its own rework facil -
ities, but also at the rework facilities of the other services, and at commercial sources.
The complete set of alternative rework facilities used by the Navy is as follows:

e Naval Air Rework Facilities (NARFs)
Alameda
Cherry Point
Jacksonville
Norfolk
North Island
Pensacola
Quonset Point

e Army
e Air Force
® Commercial

CONUS
XCONUS

The distribution of the FY-1971 Depot Maintenance Program over the Navy's seven
rework facilities is given in table 3. The NARFs are arranged in terms of expenditures,
beginning with the largest, North Island, and ending with the smallest, Cherry Point.
There are two NARFs on the West Coast and five NARFs on the East Coast accounting
for 44 percent and 56 percent of the costs respectively. All the NARFs perform work in
cach of the major programs, but each NARF has its own specialized capabilities to support
specific aircraft, engines and components. For example, Pensacola emphasizes training
aircraft while Alameda and Norfolk alone perform missile reworks.

Table 4 summarizes the cost of depot maintenance for FY-1971 which was accomplished
at commercial sources. The total cost of this effort was $127 million with $97 million or
77 percent of the total performed in CONUS. The decision to assign work commercially
depends on many factors, the most important of which are cost, quality, and availability of
specialized skills or facilities. Also emphasized is the assignment of work on non-mission
essential weapon systems. In addition to the above, commercial work performed outside
the United States includes the support of permanently deployed aircraft for which high trans-
portation costs and significant out-of-service transit times would result if returned to a
CONUS depot.

The seven Naval Air Rework Facilities also perform depot maintenance for a large
number of non-Navy customers. The complete list of customers is given in table 5; this
includes the active and reserve forces for both the Navy and the Marine Corps, Army, Air
Force, Military Assistance Programs, other government agencies, and foreign governments.
Inter-service and inter-agency work agreements are emphasized to eliminate unnecessary
duplications of skills and facilities.
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TABLE 4

COST SUMMARY*
COMMERCIAL DEPOT MAINTENANCE
FY-1971

(Millions of dollars)

Programs CONUS XCONUS Total Percent
Aircraft 45.6 16. 4 62.0 48. 8
Engines 15. 7 oo 15.7 12. 4
Components 36. 1 10. 2 46. 3 36. 5
Other oo 3.0 3.0 2.3
Total . 97. 4 29.6 127.0 100. 0
Percent 76.7 23.3 100. 0

*From: Performance Summary Report for Naval Air Rework Facilities, Annual, FY-1971,
Depot Management Division, Asst. Cdr. Logistics Fleet Support, NavAirSysCom,
Wash., D C. 20360

As indicated previously, the Depot Maintenance Program is funded mainly through the
Operations and Maintenance, Navy account for Aircraft Reworks; this account also includes
the majority of funds for the engine, component and support programs. There are several
other accounts which supply funds directly or indirectly; the list of potential fund sources
is given in table 6. Thus, the modification and conversion of aircraft is paid for by the
Procurement of Aircraft and Missiles, Navy (PAMN) account. Similarly, replacement or
expansion of facilities at the NARFs is funded through the Military Construction, Navy
(MCN) account, while salaries for military personnel assigned to the NARFs are paid for
with Military Personnel, Navy (MPN) funds.

In summary, the Depot Maintenance Program is a large and complex effort, in terms
of both cost and the types of activities undertaken. The emphasis of long-range planning
for this program must be at the most aggregate level to facilitate major policy trade-offs,
but this first requires considerable attention to details. For example, it is necessary to
know who the work is being done for and which accounts are to provide the funds. For
budgetary purposes, work paid for by non-Navy funds must be identified so that it may be
separated from the Navy's budget. Similarly, since the Navy is responsible for the man-
agement and control of its own rework facilities, the additional work placed on the NARFs,
in support of the other services and agencies, must be included when developing the
NARF's production plans. This is the only way to obtain a true picture of the total capacity
and manpower needs of the Navy's rework facilities.




TABLE 5
DEPOT MAINTENANCE CUSTOMERS

Operating forces
Combat forces
Navy
Marines
R & D Command
Training Command
Logistic Command
Navy
Marine
Attache
Deep Freeze
DIA
Military airlift commands

Reserve forces
Navy
Marines

National Guard units
Supply system

Other DoD components
Army
Air Force

Military assistance programs
Navy
Army
Air Force

Other departments and agencies
Department of Transportation
National Aeronautics & Space Agency
Atomic Energy Commission
Agency for International Development
General Services Administration
Post Office Department
Other

Non-Federal activities
Colleges & universities
State and local governments

Foreign governments




TABLE 6

FUND SOURCE

Navy:
Operation and Maintenance, Navy (O&MN)
- Aircraft rework
- Operating forces
- Reserve forces
- Air Launches Weapon Systems
- Calibration
- Other
Procurement of Aircraft and Missiles, Navy (PAMN)
Other Procurement, Navy (OPN)
Research, Development, Test and Evaluation, Navy (RDT&EN)
Military Construction, Navy (MCN)
Military Personnel, Navy (MPN)
Navy Stock Fund (NSF)
Navy Industrial Fund (NIF)

Marine Corps
Army

Air Force
Other DoD

Other




The remainder of this chapter is concerned with the depot maintenance planning
process currently used by the Navy.

THE PLANNING PROCESS

Depot maintenance planning requires three major sets of decisions as shown in
figure 1:

e First, the aircraft forces to be supported are determined. This includes
specification of the level, mix, flying hour program, and deployment of the
aircraft forces.

e Second, using maintenance policies, such as the frequency of aircraft re-
works and engine overhauls, the specific rework activities or sub-programs
implied by the chosen aircraft force levels are calculated.

o The third and final step is the development of a production plan and budget
which meets the rework requirements. This includes the assignment of the
workload to each rework facility, the resources required by each facility,
the total costs of the production plan and the resulting depot maintenance
budget.

As indicated in figure 1, rework plans are not developed by a simple one-time pro-
gression through each of the three steps. For example, the total cost of the rework pro-
gram determined in step 3 may so exceed a budget constraint that reconsideration of
aircraft force levels (step 1) and/or rework maintenance policies (step 2) may be necessary.

An organization chart showing the Navy offices concerned with the Depot Maintenance
Program is given in figure 2. The Naval Air Systems Command (NavAir), as a subclaimant
under the Naval Material Command (CNM), is directly responsible for the depot mainten-
ance budget and supporting documents for the Five-Year Defense Program (FYDP). The
consolidation and final development of plans are accomplished in two offices within the
Depot Management Division of NavAir (Air-414). The first, the Resources Branch (Air-4142)
is responsible for the development of the Naval Industrial Fund A-11 Budget which includes
the Depot Maintenance Budget for the budget year, current year, and previous year. The
second office, the Depot Level Maintenance Long Range Planning and Programming Group
(Air-414A2) prepares the depot maintenance backup for the Five-Year Defense Program
which includes a production plan and budget for each of the five years covered. As an
example: During FY-1972, the Resources Branch works on the A-11 Budget for FY-1973,
which also contains the budgets for FY-1971 and FY-1972, At the same time the Long
Range Planning Group prepares the FYDP backup for FY-1972 through FY-1978.

There are a number of offices which supply data for the above planning functions; the
most important inputs and their sources are listed in table 7. Information on aircraft re-
work requirements, for example, is provided to NavAir from the Aircraft Programs
Branch (Op-512) in the form of three documents: U, S. Navy Aircraft Program-Resources,
U. S. Navy Aircraft - Estimated Reworks, and the Aircraft Program Data File. Together,
these documents include projections of all Navy aircraft in various inventory statuses,
gains and losses, rework quantities by type/model/series and type of rework to be per-
formed, their geographical distribution, and the flying hour program.

=10=




Step 1

Step 2

Step 3

FIG. 1: REWORK PLANNING PROCESS

Aircraft forces

— Level

— Mix

— Flying hour
program

— Location

Rework requirements
— Number of PARS
— Number of overhauls

5-year production plan

— Workload assignment
— Resources
— Cost and budget
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10.

11.
12.
13.

14.

TABLE 7
INPUT DATA AND SOURCE

U. S. Navy Aircraft Program-Resources (Exhibit A~II of Congressional budget sub-
mission): NOP-512

U. S. Navy Aircraft-Estimated Reworks (Exhibit A-VII of Congressional budget sub-
mission): NOP-512

Aircraft Program Data File (APDF): NOP-512

Operational Safety and Improvement Program Listing: NOP-506
Mission Essentiality Listing: NOP-512

Aircraft Engine Rework Requirements: NOP-51

Weapons System Planning Directive: NAIR~101

Depot Maintenance Interservice Support Agreements: NAIR-414 and interested
services

Production Performance Reports and Summaries: NARFs and NAIR -414

NORM and Manhour Allocation Data: NAIR-414, workload conferences, NavAirReps
Pacific and Atlantic

Navy Industrial Fund (NIF)A-11 Budget Data: NARFs and NAIR -414
Cost Volume Analysis Data: NARFs and NAIR-414
Facility Capacities: NARFs and NAIR-414

NORM Distribution: NARFs, NAIR-414, NavAirReps Pacific and Atlantic
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The Depot Management Division of NavAir is organized into several branches, each
responsible for one of the major Depot Maintenance Programs. Thus, the above informa-
tion on aircraft rework requirements is refined further by the Aircraft and Missiles
Branch (Air-4144), and an initial workload assignment is made. Similarly, aircraft en-
gine rework requirements are detailed in the Power Plants Branch (Air-4145) from data
supplied by Air-412 and Op-51. Finally, the above requirements and initial workload
assignments for the entire Depot Maintenance Program are consolidated, analyzed, and
modified as necessary by the Resources Branch and the Long Range Planning Group.

Two major sets of decisions have tentatively been made by the time inputs are re-
ceived by the Resources Branch and the Long Range Planning Group: the level, mix and
activity of aircraft forces have been specified (step 1), and the rework requirements im-
plied by the chosen aircraft forces have been determined (step 2). Aggregation of these
inputs into a production plan and budget for the entire Depot Maintenance Program in-
evitably highlights imbalances in the total program. A considerable amount of analysis,
especially the structuring of several alternatives, is required at this point before a final
plan is chosen. The Resources Branch and the Long Range Planning Group carry out this
important function in close coordination with all the offices that have supplied the basic
inputs.

The generation and evaluation of a rich set of alternatives during this third stage of
the planning process is most important. In addition, it is crucial that plans be consistent
over time. Thus, the major emphasis of this study is on the planning system used by the
Long Range Planning Group.

THE DEPOT MAINTENANCE LONG RANGE PLANNING SYSTEM

NavAir's Long Range Planning and Programming System has been in existence for
over five years, during which it has undergone many refinements and improvements.
The need for such a system was highlighted in the mid-60's during the preparation of
several major studies of the Depot Maintenance Program (reference (f)). The problems
of obtaining accurate, consistent and timely data in a form that is easily processed were
quite acute, NavAir's data base now provides complete and detailed coverage of the Depot
Maintenance Program and is updated quarterly.

The purpose of the Long Range Planning System is development of the five-year depot
maintenance production plans and budgets consistent with and in support of the FYDP. The
system was designed to comply with DoD guidance for depot maintenance planning, es-
pecially DoD Instruction 4151. 15 and various amplifying guidelines. The system provides
a complete overview of the total Depot Maintenance Program for review by top management,
and yet the analysis begins from detailed information to ensure that requirements are com-
plete, costs are accurate, and plans are feasible.

-14 -




To accomplish the above, the planners begin with the depot maintenance requirements
and workload assignments supplied to them. Each requirement is associated to a:
Program
Sub-Program
Type Equipment Code
Type/Model/Series

Customer

Fund Source

A specific example of a requirement and its workload assignment is the following:

Program: Aircraft T/M/S: F-4]
Sub-Program: PAR Customer: Navy
TEC: AFPH Fund: OMN

FY-1974 1975 1976 1977 1978

Total quantity to
be reworked 80 80 80 80 80

Workload assignment:

North Island 40 40 40 40 40
Cherry Point 40 40 40 40 40

This calls for 80 F-4]'s to undergo Progressive Aircraft Rework for each of the years
shown. This work is being done for the Navy and is to be paid for with Operations and
Maintenance, Navy funds. The Type Equipment Code in this case designates an F-4].

If this work were for engine overhauls, instead, the Type Equipment Code would desig-
nate the specific type of engine to be reworked while the Type/Model/Series would be the
aircraft which is to generate the engine rework requirement. Using this level of detail,
the total set of requirements for a given year can range from 1500-1800 different items.

Attention to such detail is warranted for several reasons.

First, since depot maintenance activities are so diverse and differ in complexity, the
budget would be seriously overestimated or underestimated unless each activity's specific
features are taken into account, For example, the PAR of an A-7A costs about $74, 000
while the cost of an F -4] PAR is approximately $125, 000.

Second, even the same function can have a different cost depending on where the work
is performed, thus the reason for emphasizing production planning in conjunction with the
development of the budget. As an example, an F-4] PAR costs approximately $125, 000 at
North Island and $117, 000 at Cherry Point.

-15-




Finally, in the aggregate, the combined production plan can imply multiple shift
operations, expansion or under-utilization of facilities, and the hiring and laying off of
personnel, all of which can be quite costly. There are many ways to accomplish the
same work package; the problem is to find the best way.

In order to evaluate a given plan, the Long Range Planning Group has a series of
computer programs which generate an extensive set of reports; the most important re-
ports are:

Planning and Programming Worksheets
Program Cost Reports

Workload Variance Reports

Civilian Ceiling Reports

Basic Data Reports

The Planning and Programming Worksheets are the basic documents input to the Long
Range Planning System. They include all of the depot maintenance requirements and their
workload assignments. These requirements are then costed and a series of Program Cost
Reports are produced with varying levels of detail. The total cost of the Depot Mainten-
ance Program broken down into the major programs, sub-programs and fund sources is
available. In addition, costs are also recapped for the workload assigned to each alter-
native rework facility., The Workload Variance Reports and Civilian Ceiling Reports aug-
ment the Program Cost Report for each rework facility. The Workload Variance Report
shows the distribution of manhours to each rework facility's nine shop categories implied
by the workload assignment. These manhours are compared to each shop's capacity with
under and overloads indicated and a percent utilization of the shop's capacity. This is an
important document useful for smoothing the distribution of work so as to avoid uneven and
costly allocations of work, The Civilian Ceiling Reports provide the same type of informa-
tion, but here the workload is compared to manpower ceilings. Again, the intent is to
avoid unnecessary hiring or laying off of personnel and the satisfaction of manpower ceil-
ings. Finally, the Basic Data Reports contain all the workload and cost data used in the
generation of the other reports.

ALTERNATIVES AND CONSTRAINTS

No matter how good are the initial set of requirements and workload assignments,
these must be considered as a point of departure. The evaluation of several alternatives
is necessary before a good plan results. This section highlights the major questions which
reoccur during each planning cycle, the alternatives and constraints requiring analysis,
and the manner in which the model proposed in this study can enhance depot maintenance

planning.

A major problem in the past has been that the cost of the initial set of requirements
exceeds the budget constraints placed on the Depot Maintenance Program. This forces an
immediate re-evaluation of all requirements to determine how best they can be reduced
to satisfy fiscal guidance without seriously impairing force effectiveness. This problem
is made more difficult by the fact that no one is quite sure of the effects on aircraft

=16~




readiness and operating costs that would result from varying degrees of depot mainten-
ance. Clearly to be avoided are policy changes which merely pass maintenance costs to
the organizational and intermediate maintenance activities, giving the false impression of
a cost savings. The problem is further compounded by the scope of the Depot Mainten-
ance Program; the 1500-1800 different rework activities imply an extensive number of
potential alternatives. Reductions might be achieved by completely phasing out an old
aircraft, postponing depot maintenance for a class of aircraft or across the board reduc-
tions. For each set of requirements, a new workload assignment must be prepared before
the plan can be evaluated. This is a laborious and time-consuming process with the result
thatonly a limited number of alternatives are considered.

Since the above is a recurring problem, the model which has been developed includes
a parametric feature designed to facilitate the trade-off between requirements and the
budget. The model allows for sets of requirements to be varied over any specified range.
Thus, the rework activities for a specific type/model/series or class of aircraft can be
varied. The model then determines the minimum cost production plan which meets each
level of requirements within the specified range. This greatly increases the number of
alternatives that are evaluated since the planner no longer is required to construct the
workload assignments for each level of requirements. In addition, if the requirements
exceed the capacity of the rework system, the model provides this information and pin-
points the specific shops which limit production. This is especially useful for mobiliza-
tion planning where increased requirements can strain the rework system to its capacity.

To further facilitate the selection of specific requirements for parametric analysis,
the model provides the expected cost savings which would result from reductions in each
requirement. Thus, a ranking of rework requirements in terms of potential cost savings
is possible. It is not suggested that planners begin with the highest cost rework activities
and make reductions until a budget constraint is met. Clearly, the highest cost activities
usually relate to the Navy's most important first line aircraft. However, using such a
ranking in conjunction with information on the mission essentiality of an aircraft, strategic
objectives, and the value of specific activities in terms of the support provided can facili-
tate the hard choices which must be made. Depot maintenance personnel and fleet com-
manders could then structure sets of requirements for parametric analysis.

Once requirements and the budget have been brought in balance, there are still many
options which should be considered to determine the best work package. As stressed
earlier, no matter how good the workload assignments for each individual requirement
are, in the aggregate they may imply a production plan that necessitates costly use of mul -
tiple shift operations, extensive changes to shop capacities, or drastic increases or de-
creases in the workforce. Under the current planning system, a considerable effort is
required to force production plans to fall within manpower and capacity limits of the re-
work facilities. As discussed earlier, the Workload Variance Reports and Civilian Ceil-
ing Reports are used to facilitate the process. However, any imbalances found require
the generation of a new workload assignment. Analysis of this new assignment may just
show that the previous imbalance has been shifted to other shops within a rework facility
or from one rework facility to another. An alternative approach is to explicitly include
in a model all the manpower and capacity constraints and have the model generate all
possible assignments which conform to these constraints. The model which has been de-
veloped has this feature. Thus, one run with the model guarantees that the resulting
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production plan reflects the production capability of the rework system, and in addition,
a large number of plans are evaluated with the minimum cost plan the result.

The above provides the planner with a richer set of alternatives and allows more time
for emphasizing major trade-off issues. For example, in the short run, shop capacities
are fixed and production plans must be consistent with these capacities. In the long run,
however, these capacities may be adjusted. The model produces estimated cost savings
for changes in each shop's capacity, which may then be compared with the cost of changing
that capacity. This allows consideration of capacity changes for selected shops within a
rework facility, and consideration of the long run effects of a redistribution of capacity
between rework facilities. .

Similarly, manpower policies, whether imposed by the Navy itself or by external
sources, can be evaluated. This could include a determination of the effects of a man-
power ceiling on the total rework system, the allocation of this ceiling to each rework
facility, and the distribution of the workforce between the shops within a facility.

Of current interest are DoD policies which are concerned with the distribution of the
depot maintenance workload between the Navy's rework facilities and commercial sources.
No one is sure what the appropriate mix should be nor what the effects will be of the spe-
cific distribution chosen. Again, the model can assist in the evaluation of various mixes
of organic and commercial rework.

A review of the basic structure of the rework system including a determination of the
appropriate number and size of the rework facilities is useful as requirements change sig-
nificantly over time. For example, base closure analysis is possible by simply reducing
the capacity of a specified rework facility to zero. This forces the model to allocate the
workload among the remaining facilities., It is not possible to include in a model all the
one-time costs and savings which arise from a base closure decision, but the model can
highlight those shop, manpower and facility constraints which must be adjusted to achieve
the closure. The costs of these adjustments would then be determined outside the model
to complete the analysis.

In summary, the major emphasis of this study has been the development of a model
which produces a complete range of alternatives and provides the decision maker with
guidance as to how those constraints under his control may best be changed in either the
short or long run,
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CHAPTER II
A NEW APPROACH TO PLANNING
THE BASIC PROBLEM

The existing planning problems highlight the need for a model having the capability to
generate all possible alternative production plans and evaluate each with respect to its
total cost and feasibility. The details of the model developed by this study are explained
in this chapter. The model produces yearly production plans and budgets for up to five
years which encompass all the rework activities of the Depot Maintenance Program and
all alternative facilities to which the work can be assigned. In addition, an extensive
parametric capability is included in the model so that major trade-off issues concerning
requirements, budgets, manpower and capacity can be addressed.

The model utilizes a mathematical optimization technique known as linear programming
to generate and evaluate the different production plans. Linear Programming has been used
extensively for over 20 years with its most important applications in the areas of medium-
range and long-range planning for a wide variety of industries.

The linear programming model is used to produce least cost production plans for each
year within a five-year planning horizon. The optimization problem which is solved for
each year under consideration has the following general form:

Determine the workload assignment which:

® minimizes total costs
e meets all requirements

e is consistent with the rework system's capabilities

In mathematical terms, the problem is simply the minimization of a total cost function
subject to a set of constraints. The total cost function includes the cost of performing each
rework activity at all alternative facilities as well as the costs of multiple shift operations
and adjustments to manpower. Besides insuring all depot maintenance requirements are
met, the constraints also restrict the workload assignments to conform to the manpower
and capacity limitations of each facility in the rework system. The total cost function and
the various constraints used in the model are discussed in the following sections.

THE TOTAL COST EQUATION

The objective of the model is to determine the workload assignment which minimizes
total cost. The total cost equation is the sum of the rework costs for all depot mainten-
ance requirements, the cost of multiple shift operations, and the cost of adjusting the size
of the workforce. Each of these costs is considered below.
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Rework Costs

The calculation of total rework costs begins with the unit cost of producing cach depot
maintenance requirement or rework activity. Since a specific rework activity may be
accomplished at several different facilities, a unit cost is specified for each facility to be
considered as a potential assignment point. The total rework costs are obtained by extend-
ing the quantities of work assigned to a facility by their appropriate unit costs, and then
summing these costs over all the rework facilities.

The unit cost of a rework activity at a specific facility is derived from the following
five basic data elements:
Number of Direct Labor Hours required per unit (NORM)
Direct Material Cost per unit (DMC)
Direct Labor Rate per hour (DLR)
Production Overhead Rate per hour (POR)

General and Administrative Overhead Rate per hour (GAR)
The cost of producing one unit of a rework activity is:
Unit Cost = DMC + (DLR + POR + GAR) * NORM

The unit cost is the sum of the per unit cost of direct material, direct labor, production
overhead, and general and administrative overhead. The direct material cost, DMC, is
given on a per unit basis. The unit cost of direct labor is the product of the number of
direct labor hours required per unit, the NORM, and the cost of a direct lahor hour, DLR.
Similarly, Production and General Administrative overhead costs are allocated in terms
of the number of direct labor hours required.

Table 8 shows the per unit cost calculations for anF-4] PAR atNorth Island and Cherry
Point. It should be noted that the NORM, material costs and the various rates can all dif-
fer for the same work performed at different rework facilities. Thus, the direct labor
rate may differ since some rework facilities are located in high cost labor markets while
others are in low cost markets or because the skill mix differs between facilities.

Even within one facility there are differences in the basic data which must be accounted
for when computing unit costs. Clearly, the NORM and material costs vary for the dif-
ferent rework activities assigned to a facility, Similarly, a different labor rate and pro-
duction overhead rate is established for each of the 10 major work programs since different
mixes or skills are required for each program. Associating each rework activity to a
program cnsures the use of the appropriate rate.
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TABLE 8

PER UNIT COST OF F -4] PAR

FY-74
North Island Cherry Point
Direct Labor Rate (DLR) $6.68/hr $6.22/hr
Production Overhead Rate (POR) $2.50/hr $2.60/hr
General and Administrative Rage (GAR) $4.42/hr $3.50/hr
Direct Material Cost (DMC) $10, 644 /unit $15, 297 /unit
NORM 8400 hours 8300 hours

Cost = (DLR + POR + GAR) * NORM + DMC
Cost of one F-4] PAR at North Island

$6.68 " $2.50
hr. hr.

$4.42
hr.

+

) 8400 hr. + $10, 644

$114, 240 + $10, 644 = $124, 884

Cost of one F-4] PAR at Cherry Point

=( 1156.22+ $2.60 " $3.50

hr. hr. Ep ) 8300 hr. + $15, 297

= $102, 256 + $15,297 = $117,553

In addition, the general and administrative overhead rate is tailored to each rework
facility. The same rate, however, is applied to all jobs within a rework facility. Finally,
since overhead costs can vary with the total workload of a rework facility, adjustments
are made in the overhead rates to account for this, How these adjustments are accom-~
plished is discussed further in chapter III,

Multiple Shift Costs

The rework costs discussed in the previous section include all costs which are
directly attributable to each rework activity., There are other costs, however, which are
a function of the total work assigned to a facility, Each rework activity contributes to
these costs, but it is more meaningful to identify them separately at the aggregate level.

The multiple shift costs are those additional or incremental costs which must be
borne if the total work assigned to a rework facility necessitates use of a second or third
shift. Each rework facility is described in terms of nine shop categories. The first
shift capacity of each shop is specified in terms of the total direct labor hours of work
which could be sustained on the basis of a standard 40-hour work week., If the work
assigned to a facility necessitates more direct labor hours of work for a specific shop
than can be performed on the first shift, then the cost of the additional shifts is charged.
The model will allow multiple shift operations only if the additional costs are warranted.
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That is, after considering all alternative workload assignments, the decision to use multi-
ple shifts is made only if it implies that the total cost of the Depot Maintenance Program is
minimized,

Manpower Adjustment Costs

The capacities of a NARF's shops may be sufficient to accomplish a workload assign-
ment, but the current or planned manpower assigned to the NARF may not be sufficient.
The purpose of the manpower adjustment costs is to properly account for hiring and/or
lay-off costs which must be paid if a workload assignment requires a major change in the
size or distribution of the work force. Again, a workload assignment which implies an
adjustment to the manning level is only considered if total costs are minimized.

In summary, the total cost equation includes all costs attributable to the rework activ-
ities assigned, and the costs of multiple shift operations and manpower adjustments. A
further discussion of multiple shift operations and manpower adjustments is contained in
the succeeding sections of this chapter.

THE CONSTRAINTS

Several hundred constraints are used in the model to ensure that workload assign-
ments are consistent with the production capabilities of the seven Naval Air Rework
Facilities. There are five basic categories of constraints:

e Requirements

e  Shop capacity

e Manpower

e Production bounds
e Other

The requirement constraints simply force the model to assign all the depot maintenance
requirements which are specified as inputs by the planner. The shop capacity constraints
ensure that workloads are consistent with the capabilities of all shops within each NARF,
They further facilitate the proper costing of multiple shift operations. Similarly, the
manpower constraints force production plans to coincide with the size and distribution of
the workforce and to cost workforce adjustments which are found beneficial. The produc-
tion bounds restrict the allocation of specific rework activities to ensure these assign-
ments conform to the particular capabilities of the rework facilities performing these
functions. Finally, since linear programming is a general purpose optimization method,
it is possible to include other constraints as deemed necessary.

Each of the above types of constraints is discussed below.

Requirement Constraints

The requirement constraints insure that the total quantity of a rework activity assigned
is equal to the total requirement for that activity. There is one requirement constraint for
every depot maintenance requirement or rework activity. For example, suppose 80 F -4]
PAR's are to be performed for the Navy in FY-1974 and North Island and Cherry Point are
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identified as the only rework facilities with the capabilities to accomplish this work. Then
the requirement constraint for F -4] PAR's simply specifies that the number of F -4] PAR's
assigned to North Island plus the number assigned to Cherry Point must equal 80, the total
depot maintenance requirement for F -4] PAR's,

Shop Capacity Constraints

The shop capacity constraints serve two purposes., First, they constrain the amount
of work assigned to a facility to fall within its shop's capacities. Second, they facilitate
the proper costing of multiple shift operations. Before discussing these two functions, it
is necessary to understand how the total workload of a NARF is distributed over its shops.

Each NARF is described in terms of the following nine shop categories:

e Airframes e Armament

e Engines e  Support equipment

® Accessories and components e Manufacture and repair

® 'Electronics, communications e Test and calibration
and armament e Other

The airframe shop includes such work functions as the stripping, disassembly, refinish-
ing and systems checks performed for such rework activities as PAR, modification, crash
and battle damage overhaul. Similarly, the components removed during a PAR are re-
worked in the third and fourth shop categories. A complete description of each shop cate -
gory including the types of work performed is given in appendix B.

Although a specific rework activity may utilize one shop more than the others, almost
all of the rework activities require some work in each of the nine shops. To insure a work-
load assignment is consistent with all the shops' capacities, it is therefore necessary to
determine the distribution of the workload over the shops. This is accomplished with the
use of two basic data elements:

e NORM
® Distribution factors

The NORM is the total direct labor hours required to produce one unit of a rework activity,
while the distribution factors are the percent of the NORM accomplished in each shop.

A sample calculation for anF-4] PAR at North Island is given in table 9. Only seven
shops are used in this example. The NORM is 8, 400 direct labor hours of which 62 per-
cent or 5, 208 direct labor hours are performed in the Airframe shop for each PAR. It
should be noted that the distribution factors have been estimated specifically for each re-
work activity and for each facility., Thus, the distribution factors for an F- 4] PAR at
Cherry Point differ from those for North Island.
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TABLE 9
WORKLOAD DISTRIBUTION

Example: F-4] PAR at NARF North Island
NORM = 8400 direct labor hours per PAR

Distribution Workload per unit
Shop factor (percent) (norm x distribution factor)
1 - Airframe 62 5, 208
2 - Engines 02 168
3 - Accessories and
components 16 1, 344
4 - Electronics armament 08 672
5 - Support equipment 00
6 - Manufacture 05 420
7 - Other 07 588
Total 8, 400

Using the above data, it is a simple matter to determine the total hours of work for
each shop which are implied by any workload assignment. Thus, if S0 F-4] PAR's are
assigned to North Island, then 420,000 ( = 50 x 8, 400) hours are required with 260, 400
(=50 x 5,208) of these occurring in the Airframe Shop. The total workload in the Air-
frame Shop is then found by summing the above calculations for all rework activities
assigned to the NARF. The total hours for the other shops are defined similarly.

The NARF shop capacity constraints require that the total hours of work assigned to a
shop must not exceed its first shift capacity unless the model finds it beneficial to pay the
extra costs for a second or third shift operation. The first shift capacities are given in
terms of the total direct labor hours of work which could be supported presuming a standard
40 hour work week and an efficient utilization of the shop’s physical layout, There are
actually three capacity constraints for each shop; one for each shift, Thus 27 constraints
are needed to model one NARF and 189 constraints to model the shops of all seven NARFs,

Although the relationships between the three capacity constraints for each shop are
somewhat complex in nature, figure 3 illustrates their basic functions. The graph rep-
resents the total costs for various levels of work assigned to a specific shop., Direct labor
hours of work are measured along the horizontal axis. Indicated on the horizontal axis
are the shop's capacities for a 1st shift operation, lst plus 2nd shift operation and finally a
full three shift operation. The cost curve changes its slope once the lst shift capacity is
reached to reflect the fact that additional work would require a 2nd shift operation at a
higher hourly cost, This example assumes no second shift work is considered until the 1lst
shift capacity is exceeded. It is possible to place more complex loading schemes into the
model if desired, Thus, one might wish to begin a partial loading of the second shift be-

fore the full 1st shift capacity is reached.
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Total costs {(dollars)

1st shift 1st and 2nd 1st, 2nd and
capacity shift capacity  3rd shift capacity

Direct labor hours

FIG. 3: TOTAL SHOP WORKLOAD COSTS

The model also takes into account differences in effectiveness between the various
shifts. For example, Stanford Research Institute (reference (e)) found that second and
third shift operations have lower effectiveness than first shift operations. This relation-
ship is expressed in terms of an effectiveness factor. An effectiveness factor of 0.85 for
the second shift means that one hour of work done on the second shift produces the same
amount of output as could be produced in only 0.8S hours on the first shift.

Finally, the shop capacities, costs and effectiveness factors may be varied as desired
to test the impact of such variations on the production plan and total costs. For example,
a policy of restricting the use of 2nd and 3rd shift operations could be imposed by reducing
the capacities submitted to the model. The resulting production plans and their costs may
then be compared to those developed without such a restriction.,

Manpower Constraints

The purpose of the manpower constraints is to ensure workload assignments that are
consistent with the distribution of the workforce between all the rework facilities and the
nine shops within each rework facility. The distinction between the manpower and shop
capacity constraints is quite simple but most important, A shop capacity of 1 million man-
hours per year means that up to that amount of work could be supported by the shop if
sufficient labor were provided. If the labor currently available in this shop is only suffi-~
cient for 0.5 million manhours of work per year, then a workload assignment which called
for a complete loading of the shop would necessitate a significant redistribution of or
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increase to the workforce of the rework facility. Thus, taken together, the shop capacity
and manpower constraints insure that the rework facility has both the physical capacity
and the appropriate amount and distribution of labor to perform the work assigned.

There are two basic approaches which can be used to constrain manpower; both are
available in the model. The first constraint changes in the workforce to fall within limits
specified by the planner. The second approach allows for larger shifts in the workforce,
but the costs of such changes are included in the total cost function which is minimized.
Thus, major workforce changes will be chosen only if their additional costs are warranted
by greater cost savings for the total Depot Maintenance Program. Manpower constraints
may be specified for each shop within a NARF or just for each NARF. To simplify the
presentation, only manpower constraints on the total workforce of a NARF are discussed
here,

Consider the first method of constraining manpower. Suppose figure 4 represents the
current manpower situation for a specific NARF. The point M on the horizontal axis rep-
resents the NARFs current manning level expressed in terms of the number of direct labor
hours of work which could be performed per year. Also shown are upper and lower limits
within which adjustments to the workforce will be allowed. Thus, only workload assign-
ments which imply a manning level within this allowable range would be considered.

NARF 1

Hiring/layoff costs {dollars)

|
I
I
I
— Allowable L__
| workload |
I I
I |
I I
I I
! L L
T L] T
m_ m m, Work force/workload

I

Current work force

FIG.4: MANPOWER CONSTRAINT
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The following is one way of specifying the upper and lower limits for the allowable
range., Suppose the NARF in question has an accession rate of 5 percent and a separation
rate of 1 percent. These rates are on a per year basis and presume normal adjustments
to the workforce. The accession rate reflects the NARF's ability to hire given the in-
herent problems of its local labor market. Similarly, the separation rate reflects volun-
tary layoffs which occur under normal, no-RIF conditions.

The net increase in manpower that the rework facility could accomplish is:
net rate of increase = accession rate - separation rate
5% = 1%

=4%.

Similarly, the maximum decrease-in manpower that could be expected is:

net rate of decrease = separation rate

1% .

This assumes no hiring is undertaken and the full decrease is accomplished through volun-
tary attrition. Thus, if the current manning level is M, the allowable range would be
from .99M to 1.04M. The above is a fairly conservative approach which should involve
only minor costs to accomplish the workforce adjustments. Of course, the planner is not
restricted to the above; the lower and upper bounds may be as tight or as loose as the
specific analysis warrants.

The second approach does not constrain manpower to fall within specified limits, but
it includes the hiring and lay-off costs that must be paid for major workforce adjustments.
Figure 5 shows the hiring and lay-off costs for a NARF as a function of its manning level.
The current workforce is again given by M on the horizontal axis, As with the first ap-
proach, as long as adjustments are within the allowable range, no adjustment costs are
charged. The curve to the right of the allowable range represents the one time hiring
costs that are incurred as the workforce expands. The slope of this curve is the hiring
cost per unit of labor added to the workforce, Similarly, the curve to the left of the
allowable range represents the one time lay-off cost incurred when the workforce is con-
tracted. Again, the slope of this curve is the cost per unit of labor involuntarily separated.
Thus, if a particular workload assignment requires the workforce to be expanded to M1

then a total hiring cost of A would be charged. Since the hiring and lay-off costs can be
significant, the model will only adjust the workforce if the benefits of such an adjustment
exceed its cost.

The above discussion has been in terms of manpower constraints for a single year.
The model also allows for the development of a full five-year plan simultaneously. In this
case the yearly manpower constraints of a NARF are related in the following fashion. If
in year 1 the model increases the NARF's workforce, then the manpower constraint for
year 2 is adjusted to reflect this change in the workforce. Similarly, any change in man-
power for the second year is used to adjust the manpower constraint in year 3. This allows
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FIG.5: MANPOWER ADJUSTMENT COSTS

the model to consider workforce adjustments and their costs over the full five-year period.
By using this method, the model avoids production plans which require extreme fluctuations
in the workforce such as S000 men in year 1, 3000 in year 2 and S000 in year 3 .

In summary, several approaches to manpower planning are available in the model.
They ensure plans are consistent with the workforce of the rework facilities and eliminate
production plans which would have extreme effects on the size and distribution of the work -
force for a given year and over time.

Production Bounds

The capacity and manpower constraints restrict the workloads assigned to conform to
the aggregate capabilities of each rework facility. Of course, it is impossible to capture
in a single measure, such as shop capacity, all of the particular capabilities and limita -
tions of a specific shop. Clearly, each rework requirement or activity requires specific
skills, tools, equipment and facilities, all of which may not be available in sufficient
amounts to sustain a particular assignment.

One approach which could be used to ensure that workload assignments are fully com-
patible with the rework system is to model each skill, equipment or facility available at
every NARF and the quantities of these resources required by each rework activity. Un-
fortunately, such an approach is so detail oriented as to be self defeating, especially
since many of these relationships are difficult to quantify, data is not available, and the
model would become too large and cumbersome. This is more appropriate for detailed
production planning for monthly or quarterly periods at a specific rework facility. When
concerned with five-year plans at the aggregate level, an alternative approach is necessary.

-28-




Fortunately, there is a way of capturing this kind of detail in a straightforward man-
ner, namely, through the use of production bounds. Production bounds are specified for
each rework activity such as a PAR in order to further constrain the specific assignment
of each activity. For example, suppose 80 F -4]'s are to be PAR'd with North Island and
Cherry Point as the only alternative assignment points. Without any additional restrictions,
the model would consider assigning from 0 to 80 PAR's to North Island with the remaining
going to Cherry Point. North Island or Cherry Point for that matter may not have the re-
sources to produce all 80 PAR's. Thus, the model allows the planner to specify upper and
lower limits, the production bounds, on the assignments which the model is to consider.
For this example, these bounds might be:

Production Bounds

Lower UEEer
North Island 45 55
Cherry Point 25 35

The model would then consider the assignment of from 45 to 55 PAR's to North Island with
the remaining number assigned to Cherry Point. A set of production bounds are specified
for each depot maintenance activity being considered for each rework facility. The pro-
duction bounds allow for consideration of a wider range of assignments than possible under
the current planning system. Currently, the planner must specify an exact workload assign-
ment such as 50 to North Island and 30 to Cherry Point, The evaluation of a different work-
load assignment necessitates a new run of the complete set of computer programs. How-
cver, all possible combinations of workload assignments within the stated production bounds
would be evaluated with just one run of the model developed here. At the same time, the
production bounds allow the planner to specify a range of workload assignments which are
realistic., Thus, an upper bound of 55 PAR's at North Island may be due to insufficient
facilities, equipment or tools needed for a greater level of production. In addition, these
constraints allow for geographical considerations such as assigning requirements to NARFs
close to the Navy activities generating the requirements, Again, the production bounds may
be made as tight or as loose as the specific circumstances warrant,

Other Constraints

The computer program used to solve the optimization problem can process large prob-
lems, in terms of the number of variables and constraints, within reasonable run times.
Thus, there are no practical restrictions on the number of other constraints which might
be included to further ensure that production plans are realistic.

Although no constraints other than those already discussed are currently in the model,
the following illustrate the types of relationships which could be considered in the future.
Every engine which is repaired or overhauled undergoes final testing in an engine test cell.
These cells are block houses containing various testing devices; the complete cost of one
installation can range from $10to $14 million, In addition, each cell can only be used to
test specific types of engines. Since these cells have limited capacity and the cost of ob-
taining additional capacity is high, it is important that the engine workload be assigned so
as to conform to the current test cell capacity of the rework system. This may be accom-
plished simply through the use of additional constraints which model the test cell capacity
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and the amount of capacity required by each activity in the Engine Program. A closely
related topic concerns the engine repair program. The demand for engine repairs is
generated from two sources. First, engines which fail in the fleet and are beyond the
maintenance capability of the Organizational and Intermediate Maintenance Activities are
returned to the depot for repairs. This is the largest source of engine repairs. A sec-
ond source is derived from work done at the depot on aircraft. For example, during the
PAR process, an aircraft’'s engines are inspected with the result that some of these en-
gines are identified as in need of repair. Thus, a specific PAR program may generate a
demand for one engine repair on average for every 20 PAR's performed. This means that
when PAR's are shifted from one rework facility to another the PAR generated engine re-
pairs will also shift., This relationship is currently accounted for by the Long Range
Planning Group by adjusting the engine repair assignments each time the aircraft program
assignments are changed. This same procedure is used in the model developed here.
However, it is possible to include these relationships directly in the model, thus, elimi-
nating the need for manual adjustments. Additional examples of other constraints and ex-
tensions to the model which might be considered in future research are discussed in
chapter IV,

As emphasized above, the inclusion of additional constraints is easily accomplished.
However, it is recommended that experience with the current model be gained before these
additional complexities are added. Each addition requires the acquisition and maintenance
of a data base. Thus, it is best that the benefits, in terms of improvements to plans, be
determined first before such extensions to the model are undertaken.

THE TOTAL SYSTEM

The model which has been developed actually consists of the following four computer
programs:
e Input Program
e Matrix Generator
e Mathematical Programming System (MPSX360)
e Report Generator
The input program provides the link between this system and the Long Range Planning

System currently used by NavAir. It creates a complete data file for use by the model
from three data files currently maintained by NavAir,

The purpose of the matrix generator is to structure the cost function and the several
hundred constraints which are used to describe the rework system, The heart of the sys -
tem is a Mathematical Programming Package (MPSX360) which solves the optimization
problem which has just been described. Finally, the report generator produces summary
data concerning the minimum cost plan. The following are the major reports which are
available:

e Workload Assignment Report

e Program Cost Report '
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DOP Cost Report

Workload Variance Report
Manpower Variance Report
Reduced Cost Analyses

— Manpower

= Multiple Shift Operations

®© 6 o0 o

— Production Bounds
© Shadow Price Analyses
— Requirements
— Shop Capacity
— Manpower

The first five reports provide the details of the minimum cost workload assignment, the
costs of the Depot Maintenance Program in varying levels of aggregation, and the multiple
shift operations and manpower adjiustments implied by the plan. The Reduced Cost and
Shadow Price Analyses provide information considering the cost implications of various
types of changes to the production plan that might be considered. Thus, the planner can
determine what will happen if changes are made to requirements, shop capacities, man-
power, or the production bounds. A discussion of these reports is deferred to the next
chapter and appendix C where their use is illustrated with a case analysis for FY-1974.

SUMMARY

It has been shown that the development of production plans for the Depot Maintenance
Program can be accomplished by solving a cost minimization problem subject to a set of
constraints. The total cost equation not only includes those costs directly attributable
to each rework activity, but also the costs of multiple shift operations and manpower
adjustments which are implied by the aggregate workload. Constraints are used to en-
sure that requirements are met and that the workload assigned is within the capacity and
manpower limits of each facility within the rework system.
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CHAPTER 1II
CASE ANALYSIS

INTRODUCTION

This chapter presents the results of several case studies which were conducted to
test the model and illustrate its uses. A production plan and budget for FY-1974 are de-
veloped for each case. The same data base is used throughout to ensure meaningful com-
parisons are possible,

The first case is an actual production plan and budget prepared by NavAir's Long
Range Planning Group in January 1972 during a POM exercise. The model was used to
cost out NavAir's plan by not allowing it to deviate from this plan. This case was used
initially to validate the internal logic of the model and to ensure compatibility with NavAir's
coding system and data files, This case is used here as a base case to which the remain-
ing cases are compared. The second and third cases allow the model to deviate from
NavAir's plan by successively greater amounts, )

BASIC DATA

The data used for all the case studies was the most current data available as of
January 1972. The majority of the data was provided by the Long Range Planning Group
in the form of three extensive data files:

® Master File
° Distribution File
° Rate File

The Master File contains all the depot maintenance requirements including the quantities
desired, the NORM for each, and the specific workload assignments made by the Long
Range Planning Group. The Distribution File includes the shop capacities for all the -
NARFs and the distribution factors used to allocate each rework activity's workload to
the shops. Finally, the Rate File contains the rates for direct labor, direct material,
production overhead, and general and administrative overhead applicable to each rework
activity and each facility, Since these files are quite extensive, they are not reproduced
here, but they are retained for future reference at CNA.

The data required to model multiple shift operations and manpower adjustments was
developed in cooperation with the Long Range Planning Group, other NavAir offices, and
OCMM. The data for each of these is discussed below.

Multiple Shift Incremental Costs

The model has been designed to explicitly take into account the additional or incre-
mental costs which are incurred if work beyond the first shift is required. Table 10
provides the average hourly pay differentials for second shift, third shift, and overtime
work at the seven Naval Air Rework Facilities. These differentials are the cost over
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and above the first shift hourly wage that must be paid. As an example, if the average
hourly wage were $4.00 per hour at Alameda, then the hourly wages for second shift,

third shift and overtime would be $4.23, $4.28 and $6.13, respectively. The second and
third shift differentials are specific to each NARF, The same overtime differential is
applied to all NARF's and is based on time and a half and an average hourly wage of $4.26.

TABLE 10
AVERAGE HOURLY PAY DIFFERENTIALS
(Dollars)
NARF Second shift Third shift Overtime
Alameda 0.23 0.28 2.13
North Island 0.21 0.51 2.13
Norfolk 0.17 0.20 2.13
Pensacola 0.13 0.32 2.13
Jacksonville 0.13 0.23 2.13
Cherry Point 0.13 0.20 2.13
Quonset Point 0.14 0.22 2.13

Source: OCMM

Manpower Adjustments

As discussed in chapter II, manpower constraints may be used for each shop within
a NARF or for the total NARF, All three cases use total NARF constraints. In addition,

the option is used which charges for increases or decreases to manpower beyond an al-
lowable range.

The allowable range within which no manpower adjustment costs are charged was
specified as follows. The approach used is basically the same as described in chapter II
and is considered to be conservative, Table 11 shows the acquisition and separation rates
for each NARF which occurred during the fourth quarter of FY-1972. The all NARF
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averages of a 5 percent acquisition rate and a 1.4 percent separation rate are applied to
all the NARFs. It is assumed that these rates could be accomplished in the future without
incurring extra normal costs. Therefore, the net rate of increase is the acquisition rate
less the separation rate of 3.6 percent. Similarly, the net rate of decrease is the separ-
ation rate of 1.4 percent. Thus, if the current manning level of a NARF is M then the
allowable range would be from ,986M to 1.036M. Table 12 shows the actual direct labor
workforce manning level for each NARF as of February 1972, The first column shows the
direct labor workforce in terms of the number of men available, The second column
shows the total direct labor hours of work per year which could be suppoxrted with the
workforce. This presumes that 2000 productive hours per year are supplied per man,
This takes into account adjustments for annual leave, holidays and sick leave, Finally,
the last two columns are the lower and upper limits of the allowable range. Again, no
manpower adjustmant costs are charged as long as the workload assigned to a NARF falls
within its allowable range.

TABLE 11
ACQUISITION RATE AND SEPARATION RATES
(Percent)
Acquisition rate Separation rate

Alameda 5.0 1.3
North Island 4,8 1.2
Norfolk 3.7 1.6
Pensacola 5.3 1.3
Jacksonville 6.5 2.2
Cherry Point 8.7 2.2
Quonset Point 2.7 0.7
All NARF average 5.0 1.4

Now consider the estimation of the one-time acquisition and separation costs, The
Office of Civilian Manpower Management, NavAir-414, and NARF Pensacola provided in-
formation on these costs. Separation costs are a function of the length of service, grade
level, date of birth, and age for the employees separated. OCMM's Manpower Planning
Division supplied the information in table 12 as averages for all personnel at each NARF,
Using these averages to compute severance pay entitlement in accordance with current
DoD directives for an employee separated during a reduction in force (RIF), the costs in
table 13 were generated. These costs seemed very high when compared to a $3, 500 cost
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per man generated by an OCMM study done several years ago.

It was determined that

average data for a NARF is not representative of the personnel actually separated during
a RIF, Usually, personnel with less seniority and at lower grade levels are separated so

that average data for a NARF inflates severance costs.

Alameda
North Island
Norxfolk
Pensacola
Jacksonville
Cherry Point

Quonset Point

TABLE 12

DIRECT LABOR WORKFORCE

M
N Total D. L. hours
Number (N x 2000)
2,795 5,590,000
3,620 7,240,000
3,032 6, 064, 000
2,561 5,122,000
1,724 3,448,000
1,506 3,012,000
1,607 3,214,000
TABLE 13

ACTUAL MANNING LEVELS AND ALLOWABLE RANGE

Lower bound Upper bound
D.L. hours D.L. hours
(.986M) (1.036M)
5,511,740 5,791, 240
7,138,640 7, 500, 640
5,979, 104 6,282,304
5,050,292 5, 306, 392
3,399,728 3,572,128
2,969, 832 3,120,432
3,169,004 3,329,704

SEVERANCE PAY PER MAN BY NARF

NARF
Alameda
Cherry Point

Jacksonville
Norfolk
Pensacola
Quonset Point
North Island
Average

Total severance pay/man

(Dollars)
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NARF Pensacola had recently been through a RIF and had cost data available., Using
this data, an average cost to separate of $3, 100 per man was calculated. This was more
consistent with the OCMM average of $3,500. In lieu of better estimates, the OCMM fig-
urce of $3, 500 is used for all NARFs in the cases which follow.

Generation of data upon which to base an average hiring cost was almost totally non-
existent. Pensacola estimated an average cost of $100 for their Base Industrial Relations
Office when hiring a man. This cost included such functions as generating a certificate,
interviewing of applicant, medical physical and processing of selectee to be placed on the
rolls. Training costs were not included because it was felt that trained personnel are
available to hire. The OCMM study previously mentioned generated a hiring cost of 25
percent of the separation costs., NavAir-414 concurred in this estimate so that a hiring
cost of $880 was selected for the model.

CASE I: THE BASE CASE N

The production plan for Case Iis Run No. K004 prepared by NavAir's Long Range
Planning Group in January 1972, Immediately after this plan was developed, the computer
programs and data base used by this group underwent considerable modification. The
planning system is now configured as described in chapter I of this report; the model
developed here is compatible with both versions of the system. The changes which took
place mainly allow for more detailed classifications of the major work programs, sub-
programs, customers, fund sources, and shop categories. The planning system in either
case covers the entire Depot Maintenance Program; the difference is that with the new sys -
tem a finer breakdown of the aggregate results is possible. Thus, the old system has 6
major work programs, 2 fund sources and 7 shop categories while the new system has 10,
8, and 9, respectively. Since it was expected that the data base would be in a state of
flux during this time, it was concluded that it was best to use the K004 Plan. Thus, the
aggregate results which follow are not as detailed as is possible with the model when the
new data base is used,

Finally, because of the above changes, it is not possible to compare the K004 plan to
plans currently under consideration. In addition, since the planning function is a dynamic
process, the level and mix of requirements, workload assignments and the cost and en-
gineering data have all changed since the K004 run was made. What follows are the major
highlights of this base case.

Total Program Costs

Table 14 provides a total cost summary for the case I production plan for FY-1974.
The entire Depot Maintenance Program is covered which includes all Navy Depot Main-
tenance whether performed at the NARFs or at other sources and the work done by the
Navy for non-Navy customers., The first six lines provide the total cost for each of the
six major work programs. In total, these programs account for $780.49 million. Fol-
lowing this are adjustments for multiple shift operations, cost/volume relationships, and
manpower changes. The total cost of the program is given on the last line and is $784.6
million. Each of the adjustments will be explained in the following sections.
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TABLE 14

TOTAL PROGRAM COST SUMMARY

CASE 1
(Dollars)
Total cost
~ (All fund sources)

Program:
Aircraft 230, 403, 164
Missile 12, 814,598
Engine 117, 665, 524
Component 189,006, 874
Other 40, 389,988
Special 190, 216, 289
Sub-total 780, 496, 437
Incremental second shift 238,156
Incremental third shift 27, 520
Post third shift 104, 769
Sub-total 780, 866, 882
Cost/volume adjustment -2, 197,605
Sub-total 778,669,277
Increase to manning level 152,258
Decrease to manning level 5,813,342
Grand total 784, 634, 877
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Table 15 provides a total cost summary for that portion of the Depot Maintenance
Program which has been assigned to the Navy's NARFs, It should be remembered that
this covers all work to be done at the NARFs including work for non-Navy customers.
The total cost of this effort is $576.5 million. Table 16 provides a further breakdown
showing the total cost of the work assigned to each of the NARFs. The NARFs are
listed from left to right in terms of decreasing expenditures,

Finally, the total cost summary for the depot maintenance assigned to non-Navy re-
work facilities is given in table 17. The cost of this effort is $208,13 million. It should
be noted that for this report no multiple shift, cost/volume, or manpower adjustment
costs are included. This is because only the Navy's rework facilities are modeled in terms
of such detail. Finally, adding the costs of tables 15 and 17 will provide the total costs for
the entire program given previously in table 14,

The various cost reports which are produced by the model contain more detail than
shown here, Thus, the costs are also available by fund source. For the cases run here,
only two fund sources were used conforming to the old planning system. The first fund
source is Operations and Maintenance, Navy funds, while the second includes all other
Navy and non-Navy fund sources. A complete set of the reports for all three cases are
contained in appendix C.

Multiple Shift Operation

As shown in the Total Program Cost Summary, table 14, multiple shift operations are
required for Case I. The incremental costs for the second and third shift work are $238, 156
and $27, 520, respectively. It should be noted that more or less multiple shift operations
might in fact be required when a plan is actually implemented, Even when a shop has a
workload far less than its total capacity, multiple shift operations can be beneficial. There
are several good reasons for this. For example, when an aircraft undergoes PAR there are
certain jobs which require long processing times for completion, By performing these jobs
over several shifts, the total time in process for an aircraft can be reduced. This releases
the aircraft to the operating commands sooner and the total benefits may far outweigh the
extra costs of the additional shifts.

The purpose of the multiple shift constraints in the model is not to predict exactly the
extent to which extra shifts will be used., Their function is to highlight when extensive
multiple shift operations are implied and to guide the model in the direction of assign-
ments which utilize the less expensive first shift operations. As discussed previously,
more complex loading schemes chould be used, if desired.

There is one final multiple shift cost which is identified as POST Third Shift. The
purpose here is to account for the fact that a plan may be so highly constrained when sub-
mitted to the model, that the work cannot be performed even when a full three shift opera-
tion is allowed. Clearly, it is not suggested that the shop can provide the extra work called
for. Rather, this device highlights the extreme overload which the model has been forced
to accept. For costing purposes, the overtime rates given in table 10 are used to charge
for this additional work. However, when such a situation occurs, it is time for a careful
analysis which would consider possible increases to a shop's capacity, utilization of over-
time, reallocations of workload fixed in the model by the planner, and/or the possible
farming out of work. It should be noted that Case I has this situation. One shop at NARF
Pensacola requires moxre work than was possible within three shifts.
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TABLE 15

TOTAL COST SUMMARY
ALL NARFS
CASE 1
(Dollars)

Program:
Aircraft
Missile
Engine
Component
Other
Special

Sub-total

Incremental second shift

Incremental third shift

Post third shift
Sub-total

Cost/volume adjustment

Sub-total

Increase to manning level
Decrease to manning level

Grand total

-40-

195, 302, 497
11, 326,939
107, 587,793
127,731, 168
35, 404,020
95, 009, 462
572, 361, 879

238, 156
27,520
104,769
572,732, 324

-2, 197, 605
570, 534,719

152,258
5, 813, 342
576, 500, 319
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TABLE 17

TOTAL COST SUMMARY
NON-NAVY REWORK FACILITIES

CASE 1
(Dollars)
Program:
Aircraft 35, 100, 667
Missile 1, 487, 659
Engine 10,077,731
Component 61,275,706
Other 4,985,968
Special 95, 206, 827
Sub -total 208, 134,558
Incremental second shift 0
Incremental third shift 0
Post third shift 0
Sub-total 208, 134,558
Cost/volume adjustment 0
Sub-total 208, 134, 558
Increase to manning level 0
Decrease to manning level 0
Grand total 208, 134, 558
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Manpower Adjustment Costs

The workload plan of Casc I requires one time manpower adjustment costs of $5.97
million as given in table 14. Table 16 which summarizes the results for cach NARF,
shows that NARF Alameda required an increase in manning while five other NARFs re-
quired a decrease to their manning levels. The total hiring was approximately 173 men
at a onc time cost of $152,258. The total layoff for the remaining NARFs was 1,660 men
at a onc time cost of $5.81 million,

It should be noted that the manpower adjustments needed are actually greater than
given above. The reason for this is simply that the model presumes that adjustments
within the allowable range will occur through normal personnel adjustments at no extra
cost, If the planner wishes to include these adjustments it is accomplished simply by
making the allowable range zero. Then costs are incurred immediately for any devia-
tion from the exact manning level of a facility.

A

Cost/Volume Adjustments

The last cost on table 14 that requires further explanation is for cost/volume adjust-
ments. The rates for direct labor, production overhead, and general and administrative
overhead are all based on a specific aggregate workload in terms of direct labor hours
for each facility. As thec aggregate workload varies, these rates can also vary. The cur-
rent method used by NavAir and also used here to account for this is as follows. The
rates pertaining to the expected aggregate workload for a NARF are used initially. Once
the plan is evaluated, a comparison is made between the expected aggregate workload and
the aggregate workload called for in the plan. Costs are then adjusted to reflect the fact
that the rates may differ for the actual plan, Also, if desired, the model may be rerun
with the new rates to further ensure that in total a different plan might not be more bene-
ficial when these rates are explicitly considered. The cost/volume adjustment for Case I
implied a reduction to total cost of $2.20 million.

In summary, the major highlights of Case I are as follows. The total cost of the plan
was $784,6 million. This plan required 1.53 million hours of multiple shift operations at
an incremental cost of $370,445. Finally, manpower adjustments required the hiring of
173 men at NARF Alameda at a one time cost of $152, 258, All other NARFs but one had
force reductions which totaled 1, 660 men at a one time cost of $5.81 million. Case I is
compared in the next section to Cases II and III which allowed the model to vary from
NavAir's plan.

CASES II AND III

Cases II and III represent two runs of the model in which it was allowed to deviate
from NavAir's plan, Case I. The purpose is to illustrate the uses of the model, and
comparisons are made to Case I. However, these runs are quite conservative uses of
the model since several significant restrictions were placed on the deviations allowed.
Thus, the cost savings are not great, but significant improvements in the distribution of
the workload do occur. The restrictions placed on the model are discussed first.
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The first restriction is that a large number of the workload assignments are not al-
lowed to vary at all from the Case I plan. In terms of cost, only $219 million of work,
28 percent of a total of $780.5 million, was entered into the optimization (Linear Pro-
gramming) portion of the model. Of course, all depot maintenance requirements are the
same as in Case I, so total costs can be compared meaningfully. The above restriction
just means that the model could not vary the workload assignments for 72 percent of the
total Depot Maintenance Program. The portion of the total program which is fixed is called
the Base Workload, while the portion addressed by the model is called the L.P. Workload.

The work included in the L,P. Workload entailed 16 rework activities in the Aircraft
Program, S50 in the Engine Program, 122 in the Component Program, 1 missile rework,
and no activities in the Special and Other Programs. All activities in the Aircraft Pro-
gram were PAR's except for one PAR conversion, The activities in the Engine Program
were split about evenly between overhauls and fleet generated repairs.,

The second restriction on the model was the extent to which workload assignments
in the L.P. Workload were allowed to vary from the Case I Plan. Cases II and III allow
a 5 percent and 10 percent variation, respectively. For example, suppose 100 PAR's are
called for with 50 each assigned to two NARFs in Case I. The percentage variation is
based on the total requirement. Thus, for the 10 percent run, Case III, the workload
assignments for each NARF could vary from 40 to 60 PAR's. Similarly, the 5 percent
variation of CASE II would allow assignments ranging between 45 and 55 PAR's for each
NARF,

Finally, the workload assignments for work done at non-Navy rework facilities were
also excluded from the L.P. Workload. Thus, the model could only consider reallocation
of work between the seven NARFs, Therefore, the total cost of the work assigned to non-
Navy facilities, given in table 17, is fixed for all cases,

Program Cost Comparisons

The total program costs for Cases I, II and III are given in table 18. These costs
include all depot maintenance for the Navy done at the NARFs and other rework facilities,
and the work performed by the Navy for other customers. Again, the depot maintenance
requirements are the same for all three cases. The total program costs for Cases II and
IIl are $782.41 million and $780.42 million, respectively. When compared to the total
cost for Case I, $784.63 million, the savings in cost are $2.22 million for Case II and
$4.21 million for Case III.

The savings result from several sources. This is a breakdown of the total savings
by source:
Savings (Dollars)

Case 11 Case III

Based on 1st shift rates 1,779,045 3,462, 352
Multiple shift operation 8,517 -6, 458
Manpower adjustments 639, 129 956, 638
Cost/volume adjustments -206, 571 -198, 641
Total savings over Case 1 2,220,120 4,213, 891
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TABLE 18

TOTAL PROGRAM COST SUMMARY

Program:

Aircraft
Missile
Engine
F/]
Other
Special
Sub-total

Incremental second shift

Incremental third shift

Post third shift
Sub-total

Cost/volume adjustment

Sub-total

Increase to manning level
Decrease to manning level

Grand total

CASES I, IT AND III
(Dollars)

_Case 1

230, 403, 164
12, 814,598
117, 665, 524
189, 006, 874
40, 389,988
190, 216, 289
780, 496, 437

238, 156
27,520
104,769
780, 866, 882

-2, 197, 605
778, 669,277

152,258
5, 813, 342

784, 634,877

-45-

Case II

230, 280, 457
12, 800, 622
116, 652, 302
188,377,736
40, 389,988
190, 216, 287
778,717,392

230, 148
27,520

104, 260
779,079, 320

-1,991,034
777,088, 286

57,441
5,269,030

782,414,757

Case III

230, 158, 148
12,787,722
115, 673,082
187, 808, 858
40, 389, 988
190, 216, 287
777,034,085

245,798
27,520

103, 585
777,410, 988

-1,998, 964
775,412,024

0
5,008, 962
780, 420,986




Consider the savings which result for Case II. The savings bascd on first shift rates,
$1.78 million, are duc to a more cost effective allocation of the work between the NARF's,
This savings may be dcrived from line 7 of table 18 which represents the total costs of the
six major work programs. The total cost on line 7 for Case II is $778.71 million while it
is $780.49 million for Case I. The difference is $1.78 million. These savings occurred
because the model takes into account differences in the NORM and the rates for direct
labor, direct material and overhead, and it assigns work so as to minimize cost. The
second source of savings is due to a reduction in multiple shift costs of $8.517. Here the
model not only attempts to reduce the reliance on multiple shifts, but also it takes into
account differences in shift differentials between facilities. A third savings of $639, 129
was due to less expensive changes in manpower. Finally, an increase in cost of $0.207
million occurs in the cost/volume adjustment. This change in the cost/volume adjustment
is due to changes in the aggregate workload of each NARF.

Although the cost savings are not large, this is principally due to the limited extent
to which the model was allowed to vary from Case I. As more alternatives are included
in the L.P. Workload, additional savings and an even more balanced workload should re-
sult. It should be clear, however, that there is a limit to the savings accruing from re-
assignment of work; if additional reductions are necessary, eventually these can only be
achieved through cuts in depot maintenance requirements,

Table 19 provides the costs of depot maintenance assigned to the seven NARFs for
all three cases. The differences between these total costs are identical to the savings
just discussed. This is because no work assigned to non-Navy facilities was allowed to
vary. Finally, tables 20 and 21 show the cost of the work assigned to each NARF for
Cases Il and III, respectively. Again, the NARFs are listed from left to right in terms
of decreasing expenditures. It should be noted that the ranking of the seven NARFs re-
mains the same as for Case I.

Multiple Shift Comparisons

The model produces a Workload Variance Report for each NARF which shows the
direct labor manhours required for the first, second and third shifts for each shop in a
NARF. The following summary statistics are extracted from these reports which are
contained in appendix C.

The total direct labor manhours assigned to the second, third, and post third shifts
for the three cases are as follows:

Direct labor manhours

_Case 1 Case I Case III
Second shift 1,391,749 1,403,994 1,524, 490
Third shift 86,000 86, 000 86, 000
Post third shift 49,187 48,948 48,631

Total 1,526,936 1,538,942 1,659,121
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Program:

Aircraft
Missile
Engine
Component
Other
Special
Sub-total

Incremental second shift

Incremental third shift

Post third shift
Sub-total

Cost/volume adjustment

Sub-total

Increase to manning level
Decrease to manning level

Grand total

TABLE 19

TOTAL COST SUMMARY

ALL NARFS
(Dollars)

Total cost - all fund sources

Case 1

195, 302, 497
11,326,939
107,587,793
127,731,168
35, 404,020
95,009, 462
572, 361, 879

238,156
27,520
104,769
572,732,324

-2, 197,605
570, 534,719

152,258
5, 813, 342
576, 500, 319
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Case II

195, 179,790
11,312,963
106, 574,571
127,102,030
35,404,020
95,009, 460
570, 582,834

230, 148
27,520

104, 260

570, 944,762

-1,991,034
568,953,728

57,441
5,269,030

574,280,199

Case 111

195,057, 481
11,300,063
105, 595, 351
126, 533, 152
35, 404,020
95,009, 461
568, 899, 528

245,798
27,520

103, 585
569,276, 431

-1,998, 964
567,277, 467

0
5,008, 962

572,286,429
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The total manhours for multiple shift operations increased for Cases II and III. The in-
crease for Case II is small, 12,007 hours, while the increase for Case IIl is larger,

132, 184 hours. These increases were all due to increased usage of second shift work.
The same amount of third shift work is required for all three cases; this occurs in one
shop at NARF Pensacola. No third shift work is called for at any other NARF. Similarly,
this same shop is heavily overloaded in Case I so that an overflow of work, post third
shift, is required. The model does reduce the post third shift requirement in Cases II
and III, but the change is small due to the limitations placed on the amount of work it was
allowed to reallocate.

The following are the incremental costs of the multiple shift operations for the three
cases:

TOTAL INCREMENTAL COST

(Dollars)
Case | Case II Case III
Second shift $238, 156 $230, 148 $245,798
Third shift 27,520 27,520 27,520
Post third shift 104, 769 104, 260 103, 585
$370, 445 $361, 928 $376, 903

The total costs decreased slightly for Case II and increased slightly for Case III. The
changes in total cost are predominantly due to changes in the second shift workload. The
cost of third shift remains constant since no change in the workload occurred, while the
cost of post third shift is reduced slightly due to a reduction in its workload.

The increased utilization of the second shift for Case III is principally due to the fol -
lowing. For this case, the model was given more flexibility in the reallocation of work
between the NARF's. Thus, work was reassigned-to those facilities having more favorable
NORMS and rates. Even though this required an increase in second shift work at the ac-
quiring facilities, the net effect was a decrease in the total cost of the program.

Table 22 shows how the second shift workload was distributed between the NARFs
for Cases I and III. The total second shift workload and its allocation to each shop within
a NARF is given. A comparison of the total second shift workload indicates that Case III
reallocated work from NARF's Alameda and North Island to NARF's Norfolk, Cherry
Point and Quonset Point. NARF's Jacksonville and Pensacola had little change in their
second shift work. The above reassignments of work are not only due to more favorable
NORMS and rates at the acquiring facilities, but they also reflect savings in manpower
adjustments since the model optimizes all costs. As an example, Case I called for hiring
at NARF Alameda while Case III did not. It appears that the reduction in second shift work
at NARF Alameda avoided the cost of hiring additional personnel, In addition, the in-
creased workload for the acquiring facilities reduced the extent to which these facilities
had to RIF personnel. The above results also hold in general for Case II. Table 23
shows the second shift workload for each NARF for Cases I and II.
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Table 24 shows the percent utilization of the shops for each NARF for all threc cases.
The percent utilization is calculated by dividing the total workload of a shop by its first
shift capacity. Thus, a percent utilization of less than 100 percent means that less than
a full first shift is required. Similarly, a percent utilization greater than 100 percent
means that multiple shift operations are required. A comparison of the percent utiliza -
tion shows the same general results as discussed above. The utilizations for NARF's
Alameda and North Island are reduced due to a transfer of work from these facilities.
Since this work was principally reallocated to NARF's Norfolk, Cherry Point and Quonset
Point, their utilizations increase. Finally, the utilizations at NARF's Jacksonville and
Pensacola remain about the same for all three cases.

Manpower Adjustments

The following are the manpower adjustments called for in all three cases:

Case | Case II Case III
Men Cost Men Cost Men Cost
Increase 173 $152,258 65 $57,441 0 0
Decrease 1,660 5,813,342 1,505 5,269,030 1,432 5,008, 962

Case I called for a hiring of 173 men at a one time cost of $152,258 and the laying off of

1, 660 men at a one time cost of $5.81 million. Even though the model was not given much
flexibility in reassigning work for Cases II and III, it was able to reduce manpower adjust-
ments significantly. Case II reduced by 108 the need to hire and eliminated the need to
hire in Case III. The number of personnel to be separated in Cases 1I and III was reduced
by 155 and 228 men, respectively. This represented a savings in manpower adjustment
costs of $639, 129 for Case II and $956, 638 for Case III.

Table 25 shows the manpower adjustments and costs by NARF for all three cases.
Case I required hiring at NARF Alameda and reductions in manpower at five of the re-
maining NARFs. Cases II and 1II reduced the need for hiring manpower at NARF Alameda
and changed the manpower reductions called for at the remaining NARFs., Again, the next
effect was a reduction in the total number of people to be separated.

Parametric Analysis

As emphasized in chapter II, the model provides an extensive amount of information
on the aggregate effects of changes in either the variables or constraints used in a par-
ticular run. The parametric feature allows the evaluation of changes in:

Requirements
Shop capacities
Manning levels

Production bounds

Cost and engineering data
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TABLE 25

MANPOWER ADJUSTMENTS
CASES 1, Il, AND I

{Men) .
Costs Manpower increases Manpower decreases
NARFS Case | Case |1 Case 11 Case | Case Il Case Il
Alameda (173} (65) (0) (0) (0) (0)
152,258 57,441 0 0 0 0
Norfolk (0) (0) (0) (301) (208) (114)
0 0 0 1,052,700 728,833 399,322
North Island (0) (0) (0} (0} (0) (50)
0 0 0 0 0 174,234
Quonset Point (0) (0) (0) (508) (482) (453)
0 0 0 1,779,412 1,688,064 1,685,253
Jacksonville (0) (0) (0) (424) (448) (468)
0 0 0 1,483,755 1,568,627 1,637,305
Cherry Point (0) (0) (0) (91) (26) (0)
0 0 0 320,215 92,013 0
Pensacola (0) (0) (0} (336) (341) (347)
0 0 0 1,177,260 1,191,493 1,212,848
Total (173) (65) (0) (1,660) (1,505) (1,432)
162,258 57,441 0 5,813,342 5,269,030 5,008,962
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To facilitate the selection of items for parameterization, each run of the model produces
two sets of reports: Shadow Price Reports and Reduced Cost Reports., The Shadow Price
Reports provide estimates of the change to total costs which would result from a unit change
in each constraint used in the model. Similarly, the Reduced Cost Reports provide esti-
mates of changes in total cost which would result from a unit change in the value of any
variable as assigned in the model., These reports can thus be used to locate either vari-
ables or constraints for which a change in their specification may be promising.

The following is a simple example of how changes in requirements can be analyzed.
The shadow price statistics for three depot maintenance requirements are:

Current Change in cost
requirement per unit increase
Requirement 1 97 $69, 126
Requirement 2 11 70,273
Requirement 3 44 54, 326

The first requirement is a helicopter PAR while the second and third are for aircraft
PAR's. The first column gives the total number required in the basic run., The second
column is an estimate of the change in total cost for a one unit increase in each require -
ment, Thus, for requirement 1, $69, 126 is estimated as the increase in total costs if
the number required is changed from 97 to 98.

The following are the changes which were analyzed with the parametric feature of
the model:

Run 1 Run 2 Run 3 Run 4 1)
no. required no. required no. required no. required
Requirement 1 97 101 105 109
Requirement 2 11 10 9 8
Requirement 3 44 42 40 38
Total program cost
(millions) $782.65 $782.74 $782.84 $782.94

The first requirement was increased by increments of 4 units, while the second and third
were reduced by increments of 1 and 2, respectively. Thus, one requirement was forced
to increase while the other two were forced to decrease., As shown by the total program
costs, the net effect was a gradual increase in cost. The parametric feature represents
a quick way of evaluating a variety of options which may be under consideration.

SUMMARY

The model was used to produce production plans and budgets for FY-1974 for three
cases. The first case was a plan developed in January 1972 by NavAir's Long Range Plan-
ning Group. CasesII and III allowed a 5 and 10 percent variation, respectively, from
NavAir's basic plan. The production plans for Cases II and IIl resulted in total savings
of $2.22 million and $4.21 million, respectively. These savings arose from the assign-
ment of work to lower cost facilities, changes in the amount and distribution of multiple
shift operations and reductions in the manpower adjustments required,
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The model used to perform these cases has been programmed for use on an IBM 360/65
computer. The matrix generator simultaneously set up the problems for all three cases
with a wall-clock time of 7.7 minutes; The average wall -clock time for the linear pro-
gramming package to solve each case was 9.24 minutes, 29 percent of this time was for
the control processing unit. Given the small run times required and the extensive amount
of information provided, it is recommended that the Navy use the model in conjunction

with its current long range planning system.
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CHAPTER IV
CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

It was concluded early in the study that it was not necessary to develop a completely
new system for long range planning of the Depot Maintenance Program. The steps taken
by NavAir over the past five years to improve its long range planning capability have been
most successful. NavAir's system now includes a comprehensive data base, an infor-
mation system to maintain that base, and an extensive reporting capability. It was de-
termined that the greatest benefits would result from the development of an analytical
tool which builds upon the current system and extends the range and depth of questions
that can be addressed.

The generation and evaluation of alternative production plans is now a time-consuming
process. It requires a complete specification of the workload assignments for all require -
ments in the Depot Maintenance Program. This must be completed before summary reports
can be produced to evaluate the costs and feasibility of the plan. This study has shown that
this process is greatly simplified by imbedding the workload assignment function within a
cost minimization problem. There are three basic advantages to this approach over the
current system. First, a much larger number of workload assignments are generated
within the model; all possible workload assignments within the production bounds specified
by the planner are considered. In addition, the plans are consistent with the inherent con-
straints of the rework system such as shop and manpower capacities. Second, each plan
which is feasible is evaluated on the basis of cost and the least-cost plan is identified. It
is true that decisions cannot be made solely on the basis of quantifiable costs. A plan
which calls for a significant workforce reduction may be cost effective, but it may not be
best in terms of other long run goals of the government. Thus, a more gradual transition
may be preferred to avoid potential impacts on a local economy. However, these types of
restrictions can be taken into account by varying the constraints used to model the rework
system, and most important, the cost of conforming to these restrictions is identified.
Finally, many of the assumptions and constraints included in the model are controllable,
at least in the long run, by the decision maker. The parametric capability of the model
allows the planner to evaluate many "what if"' questions such as the cost and production
implications of changes in requirements, shop capacities, manpower, and the production
bounds.

RECOMMENDATIONS

It is recommended that NavAir adopt the proposed model for use in conjunction with
its current long range planning system. It is expected that implementation and use of the
model would be accomplished in the Depot Level Long Range Planning and Programming
Group (AIR-414A2). This group currently performs the long range planning functions for
which the model has been designed. In addition, the model has been programmed to be
compatible with this group's data base, coding system, and reporting needs. Two addi-
tional documents have been prepared, a User's Manual (reference (b)), and a Programmer's
Guide (reference (c)) to facilitate the implementation of the system.
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Several suggestions for future research are discussed in the next section. 1t is rec-
ommended, however, that experience with the model, as it is currently configured, be
gained first before further extensions are considered. Since these extensions could re-
quire new data and programming it is best that they be considered on an individual basis,
taking into account the benefits to be derived in terms of improved plans and better dc -
cisions. The most profitable extensions to make will become apparent only after using
the model.

Finally, a larger proportion of the Depot Maintenance Program should be included in
the optimization (Linear Programming) portion of the model rather than in the base work -
load. 1t is obvious that the model will not be able to find cheaper methods of performing
the work or a more balanced workload unless it is given alternatives to test. The inclu-
sion of more alternatives is not a simple problem; time and effort must be expended to
develop these alternatives. This requires a detailed understanding of what each rework
activity entails and what alternative facilities have the necessary expertise and resources
to accomplish the work. This is, however, an important objective which only the planners
in depot maintenance can perform. Thus, a major recommendation is that when imple -
mented, initial efforts should focus on the inclusion of more rework activities into the
optimization portion of the model. There is a practical limit as to how far this process
should go, but, it is felt this limit has not yet been reached., These additions should pro-
duce even greater savings and more promising workloads than shown in the case analysis
of chapter 111.

FUTURE RESEARCH

As discussed in chapter 11, the linear programming package used in the model has
the computational capability to accept many more variables and constraints than are
currently included. Thus, one emphasis of future research could be an evaluation of
specific types of facilities, equipment, or skills which if modeled would improve the
realism of the resulting production plans. Two examples have already been discussed,
namely engine test cell capacities, and the relationship between engine repairs and the
work done under the Aircraft Program. NavAir is currently obtaining data on these re -
lationships which should facilitate their incorporation in the model.

The following is another example worth considering. When making workload assign-
ments, planners take into account the geographical distribution of the demands for each
rework activity. Thus, 40 percent of the PAR's for a specific type/model/series aircraft
may arise on the East Coast while the remaining 60 percent occur on the West Coast, By
making workload assignments conform closely to these percentage splits, planners are
assured that transportation costs and out-of-service transit times are minimized. This
can be accomplished in the model now through the use of the production bounds. However,
it may be potentially useful to estimate the transport costs for the major rework activities
in the program and include these directly in the model. This would allow an overall opti-
mization of production costs, transport costs and out-of-service costs.

A final area for future research is concerned with the cost/volume relationships used
to account for changes in overhead costs. Clearly, some overhead costs are fixed for
wide variations in total output, while others vary with output, A capability to adjust for
cost/volume relationships is included in the model, and it conforms to the basic approach
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now used. The accuracy of such an approach of course depends upon the accuracy of
the specific cost/volume relationships which are supplied to the model. A useful con-
tribution would result from an intensified empirical investigation of how costs vary with
output. Sound estimation of these relationships should facilitate decisions concerned
with the appropriate number and size of the rework facilities.
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APPENDIX A
STUDY DIRECTIVE



DEPARTMENT OF THE NAVY
OFFICE OF THE CHIEF OF NAVAL OPERATIONS
WASHINGTON, D.C. 20350 I LG R
oPYv6/Lh
Ser 295P9

1 9 MAY 1972

I'rom: Chiel of Naval Operations
Toe Distribution List

Subj: Study Dircctive for Naval Aircraft Rework Facility Study

Rofs (a) CNO Ltr ser 00502P96 of 29 Nov 1971; CNO FY-72 Study Program
(b) DON PIC ltr ser 00274PIC of 8 Dec 1971; Selected Analyses
for 71-72 -

1. Title., Naval Aircraft Rework Facility Study (NARFS).
2. Txgé. CN( Study conducted by CNA.

3. Background. Changes in the level, mix, and activity of naval aircraft
forces alfect rework requirements for the Navy's Aircraft Rework Facilities.
Navy managers must have the capability to analyze the impact of these
changes in forces on the rework system to insure that rework requirements
are mel in a timely and efficient manner. This study is included in the
CNO FY-72 Study Program, reference (a) and conforms with the selected
analyses directed in reference (b).

4. 0Objective.

a. 'The sLidy objective is to develop a model suitable for incorporation
into the existing Acronautical Depot Long Range Planning and Programming
System. Given alternative force levels, mixes, and flying hour programs,
the model is to generate and provide measures to evaluate alternative
rework production plans, giving due consideration to their feasibility,

ol liciency, and cost.

b. The model will include, to the greatest extent possible, all the
acronaulical depot maintenance programs, such as aircraft, engine and
component reworks and fleet and general support functions, which are
required to support naval aircraft forces. The model is to accurately
toflect the production capability of all Naval Aircraft Rework Facilities
(NARF's), including, explicit recognition of all major constraints such as
capacity, manpower, and budget, as well as the organic/commercial mix.
1n addition, it will have the capability, through sensitivity analyses,

Lo evaluate the impact of altering those constraints which are realistically
controllable in the short or long run.

c. 1t is expected that such a model will not only determine the
impact ol alternative force levels on the rework program, but that it will

also be useful in seeking more efficient production plans.
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5. Specilie Guidance.

a. The planning of . rework program is a sequential deeision process:
(1) the level and mix ol lorces are chosen; (2) maintenanec proeedurcs,
(requency of PAR's, ete., are specified; and finally, the first two are
used 1o (3) develop an agpregate production plan. The model is to empha-
size the third stage in this decision process. It should have the flexibility
to accept differing tforece levels, mixes, and maintenancc philosophies,
including wartime consideration, and to evaluate their impact. All of the
prescent NARF's will be considered.

b. [n order to provide the deeision makers with quantitative
measurces of the major differences among altcrnatives developed to support
the most effective and efficient options, it is imperative that:

(1) Assumptions nccessary to strueture the analysis be clearly
identified (Study Project Officers' Handbook stipulates that assumptions
should be elearly stated in a separate paragraph at the beginning of
the report. lurther, thosc assumptions which arc applicable should be
restated at the bepinning of each chapter, annex or appendix to the report).

(2) Sensitivity checks and uncertainty analyscs will be conducted
{or assumptions. Whenever possible the effeet of relaxing the assumptions
should be identified. Uncertainties as far as threat, teehnical, cost,
and operational paramcters should be explored in reasonable ranges to
identify the sensitivity of the study results to sueh uncertainties. While
a certain amount of judgment is required to identify key parameters, the
range of uneertainty needs Lo be explored and addressed in the rcport.
It is penerally useful to begin the analysis with the best estimates
available and to introduce variations, pessimistiec on lower 1limits and
optimistic on upper limits to identify the effeets of uneertainty on
various parameters. Special emphasis will be placcd on the realistic
factors identified in the Project Officers' Handbook.

(3) betailed desipgn specifiecations for cach model will be
collected by the study project officer and will be ineluded in the permancnt
I'iles of the study cxcept that if the project officer determines that the
design speeifications for a given model are already ineluded in a permanent
OPNAV [ile, the projeet officer may elect to includc referencc to that
file instead of duplieating the model design specifieations in the permanent
files (or this study.

6. Purpose. The primary purpose of this study is to provide Navy managers
With the capability of rclating support requirements to aireraft forces.
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7. Coordinal.ion.
d.  The study sponsor is the Director, Navy Program Planninge (0r-090),

b ‘Lhe Cop 01 and Deputy Study Sponsor is the Deputy Chicl of Naval
Operations (Airv Warfare) (OP-05),

¢. The Stady Director is Dr. Richmond M. Lloyd, CNA,

d. CDR Carl 0. lausler, 0P-96-0SG, is desipgnated the CNO Projoect.
Ol ficer and 16 responsible for compliance with current instructions on
the CNO Studies and Analyses program and guidance.

¢.  An advisory committee will be established with the Director,
Aviation Propram Division (0OP-51), Chairman, and the following members
or their desipgnated representatives: OP's 90, 96, and CNA. OPA, 0P-04,
NAVMAT, and NAVAIRSYSCOM are invited to participate in advisory committee
proceecdings.,

. The Advisory Committee Chairman shall arrange such meetiugs with
the 1971-1972 Selected Analyses Advisory Board as may be required !, the
Chairman of that Board,

#. Reporling.

a.  Submit Study Plan to Advisory Committee by 17 May 1972.
Do not delay staudy propgress pending approval of the Study Plan.

b. Submit Monthly I'rogress Reports to 0P-96 in accordance vidi,
current. instiuctions,
c.  Schadnle ol brielings:
Briciings and reports as specified in the study plan.

hme - Presentation of Report.

d. Drafr vepot delivered by 1 June 1972. Final report deli i vl
310 days after completion ol review of the dratt report,

bistribaution liste

Wi ;

_r . v
::::—';(1) W BiGLEY
0r-96 Director, Navy

esi Frogram Planning

President, CNA




Capy 1oz

OPA

0Pr-04

CHNAVMA'T

NAVAIRSYSCOM
NAVAIRSYSCOM 414 (CAI

" Mhatcher)
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SECTION 1
SUB-PROGRAMS

The sub-programs listed below depict the type of rework activities performed in the
depot maintenance program.

overhaul

overhaul /conversion

crash damage overhaul

progressive aircraft rework (PAR)

PAR /modification

PAR/conversion

PAR /repair

F/S (AIR 414 custody) PAR

Federal Aviation Agency (FAA) inspections
progressive maintenance (PM)
modernization

modification (MOD)

conversion

modernization/conversion

Naval engineering support programs
manufacturing for stores

manufacturing for modernization

repair

field team, South East Asia (SEA)

aircraft & engine accessories and components rework
electronic & communications equipment rework
force support

general support

inspect and repair as necessary (IRAN)
indirect NARF support

reclamation in lieu of procurement (RILOP)
special reimbursement

special systems support

auxiliary support

other maintenance support

ground support equipment

test equipment calibration

equipment modification

assigned technical assistance

missile component repair

missile component repair/modification
missile motors

ordnance

targets

IRAN/REPAIR

stricken aircraft reclamation and disposal program (SARDIP)
activation

inactivation

storage
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SECTION 2
PRODUCTION SHOP CATEGORIES

The following are abbreviated descriptions of the major activities performed in the
nine shop categories used to model each NARF. NavAir has developed more detailed shop
capacities, shop manning levels and workload distribution factors. These definitions and
guidelines resulted from DoD Instruction 4151,15 and were used to insure consistent re-
porting by each NARF.

Airframes - Production Ship Category No. 1

Covered areas associated with processing the airframe under those programs com-
monly identified as PDLM (Periodic Depot Level Maintenance), IRAN (Inspect and Repair
as Necessary) maintenance, crash damage repair and/or overhaul, modernization, modi-
fication, etc. The work functions include stripping, disassembly, airframe repair,
reassembly, refinishing and systems check.

Engines - Production Shop Category No. 2

Covered areas associated with processing jet, turbo-jet, and reciprocating type avia -
tion engines (including gas turbine compressors and auxiliary power plant turbines) in
terms of overhaul, low time, complete repair, and major inspection. The work functions
include uncanning, disassembly, cleaning, metals examination, examination and evalua-
tion, parts reconditioning, sub-assembly, final assembly, preservation and tests.

Accessories and Components - Production Shop Category No. 3

Covered areas associated with processing airframe and engine accessories such as
surfaces, hydraulic components, electrical equipment, pneumatics equipment, landing
gear, fuel accessories, propellers, airborne photographic equipment, instruments, etc.

Electronics, Communications and Armament ~ Production Shop Category No, 4

Covered areas associated with processing airborne communication, navigation, air-
borne data computers, fire control, and bombing system equipment, etc., used by the
aircraft in carrying out its assigned mission.

Armament - Production Shop Category No. 5

Covered areas associated with processing weapons, guns and missiles used by the
aircraft in carrying out its assigned mission.

Support Equipment - Production Shop Category No. 6

Covered areas associated with processing aviation general and special support equip-
ment and aerospace ground equipment including calibration and repair functions.




Manufacture and Repair - Production Shop Category No, 7

Covered areas which are not an integral part of other categories previously prescribed,
and which contribute to aircraft repair operations by such work functions as parts, clean-
ing; painting and plating; parachute, ordnance, photographic, leather, and fabric repair;
machine and metal repair and fabrication, etc.

Test and Calibration - Production Shop Category No. 8

That space, either covered or uncovered, which is used to test, trim or calibrate en-
gines, electronics communications or armament systems. The equipment can be either
installed on the aircraft or on special test stands. General ramp area is not included in
the area,

Other - Production Shop Category No. 9

That space used to perform productive work other than covered or uncovered areas
included in Production Shop Categories No. 1 through No. 8 above. Includes ramp, apron,
aircraft storage sites, work performed away from facility by field teams, etc.
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SECTION 3
INPUT DATA AND SOURCE

Listed below are the major inputs to the long-range planning model and a brief
description of the data., The source for each of these inputs is also included,

1. U.S. Navy Aircraft Program-Resources (Exhibit A-II of Congressional budget sub-
mission): Projects distribution of approved force levels which define the number of op-
erating aircraft by inventory status including gains and losses such as new production,
conversion, damage and retirement by type, model and series. Source: NOP-512

2. U.S. Navy Aircraft-Estimated Reworks (Exhibit A-VII of Congressional budget sub-
mission): projects active and operational aircraft inventories and rework quantities by
type, model and series including the type of rework to be performed. Source: NOP-512

3. Aircraft Program Data File (APDF): projects the distribution of approved force level
aircraft among using activities by geographical location along with their associated flying
hour program. Source: NOP-512.

4, Operational Safety and Improvement Program Listing: represents a list of product
improvements for aircraft, air launch weapons, engines, and accessories and components.
Source: NOP-506

5. Mission Essentiality Listing: designates by a percentage factor those aircraft deter-
mined to be mission essential within a type, model, and series. Source: NOP-512

6. Aircraft Engine Rework Requirements: reflects engine rework quantities by type,
model, and series necessary to support the projected Naval Aviation Flying Hour Program,
Source: NAIR-412 & 414, in consonance with Flying Hour Program NOP-51

7. Weapons System Planning Directive: provides overall program guidance for a given
weapons system. Source: NAIR-101

8. Depot Maintenance Interservice Support Agreements: determines cross service sup-
port requirements. Source: NAIR-414 and interested service.

9. Production Performance Reports and Summaries: provides past and current employ-
ment, fiscal, and production data., Source: NARF's and NAIR-414

10. NORM and Manhour Allocation Data: provided by program, sub-program, customer,
fund source and activity. Source: NAIR-414, workload conferences, NavAirREPS Pac &
Lant

11. Navy Industrial Fund (NIF) A-11 Budget Data: projection of NIF operating budget for
each NARF based on prior, current and budget year data. Source: NARF's and NAIR -414
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12, Cost Volume Analysis Data: specifies general and administrative rates for each
activity under varying workloads. Source: NARFs and NAIR-414

13. Facility Capacities: direct manhours related to production shop category. Source:
NARFs and NAIR-414

14. NORM Distribution: specifies percent of direct manhours allocated to each produc-

tion shop category; measures facility utilization. Source: NARFs, NAIR-414, NORS
Pac and Lant
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APPENDIX C
REPORTS FOR THE CASE ANALYSIS
SECTION 1: DESCRIPTION OF REPORT FORMATS
SECTION 2: CASE I, LRPG ASSIGNMENTS
SECTION 3: CASE II, +5% VARIATION OF ASSIGNMENTS
SECTION 4: CASE III, +10% VARIATION OF ASSIGNMENTS




SECTION 1
DESCRIPTION OF REPORT FORMATS

This appendix contains the reports produced for each of the three (3) case studies.
The first case maintains the assignments of the Long Range Planning Group with no varia-
tion allowed. The second and third cases allow the assignments to vary S and 10 percent,
respectively, from the assignments made in the first. case.

A sample of each of the five types of reports contained in sections 2, 3, and 4 is in-
cluded in this section with a detailed explanation of each caption annotated on the sample
report.

e Workload Assignment - The assignment of workload to each NARF or non-
Navy facility is shown plus a total which is the total quantity of units re-
quired to be reworked within a program for each TEC, sub-program, and
customer.

e Workload Variance Report - The workload assigned by the LRPG, the L.P.
assigned workload, and a total in manhours is shown along with shift work-
load and capacity. A percent utilization for each shop and a variance for
all shops with a defined capacity is calculated.

e Program Cost Report - The total cost for each program and fund code within
a NARF is shown. Total costs are also shown for the incremental second,
third, and post third shift workload, the cost/volume adjustment, and in-
creases and decreases to the manning level.

e DOP Cost Report - This report is the same as the Program Cost Report ex-
cept it is broken out by NARF,

e DOP Workload - Cost Summary Report - The total manhours and costs for
each NARF is summed and listed.

An index to the DOP, PROGRAM, SUB-PROGRAM, and CUSTOMER codes used in the three
case studies is provided on page C-81.
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SECTION 2

CASE I, LRPG ASSIGNMENTS
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WORKLOAD ASSIGNMENT

1 JUNE 1972

DATE

CASE I

RUN NO./NAME

74

FY

YEAR

PROGRAM

RRMY USAF COMM TOTAL

OTHER XCNUS

S/P CUST ALA NOR N.I. Q.P. JAX c.pP. PNS

TEC

80.
104.

36.
86.
24.
160.

A
A
A
A
A
A

0146
0147

60.
246.

0148
0149
0151

0.

438.

160.

9l.
114.

40.

0154

95.

19,

P
A

0160
Ole61l
0l61

183.

0.
717.

110.

0.

73.
34,

196.

22,

P
A

36.
54.
133.

0.

19.

17.
27.
87.

0le62

P
A
A

0162
0163
0163
0163

178.

29.

74.

21.

54.

P
P
P
P
P
P
A
A
A

15,
78.
44.
32,

0163
0166
0le8

0.

31.
32.
11.

37.
12,
21.

10.

0168
0169
0172

12,
30.
43.

27.
12,

0173

0.

0173

21,
28.
135.

11.

10.

P
P
A

0173

21.

0173

OF

46.

89.

0175




WORKLOAD ASSIGNMENT

1 JUNE 1972

DATE

CASE I

RUN NO./NAME

74

YEAR

E (Continued)

PROGRAM

OTHER XCNUS ARMY USAF COMM TOTAL

PNS

e

s/p CUST ALA NOR N.I. Q.P. JAX

TEC

11.
245,

57.
10.
60.
65.

A
P
P
A

0175

26.

40.

122,

0175

21,
123.

11.
63.
159.

0175

0.

0.

0176

294,

70.

0.
80.
22,

P
P
P
P
P

0176
0202
0204
0204
0205

109.

24,
12.
10.
72,

53.
20.
110.

19.

0.

0.

10.

0. . o

31.
44,
17.

16.
39.
12.

P
P
P

0209
0211
0211

Q
1
=
o

104.

18.

86.

P
P
A
) 4
A
A

0212

0213

32.
24,

16.

0218
0218
0219
0220

34,
138.

14.
72.

41.

P
A
A
B
B
P
P

0220
0221

36.
12.
63.
21,
228.

15.

27.

36.

0221
0221
0221
0221

0.

0.

152,

74.

76.

0221




WORKLOAD ASSIGNMENT

1 JUNE 1972

FY 74

DATE

CASE 1

RUN NO./NAME

PROGRAM

YEAR

OTHER XCNUS ARMY USAF COMM TOTAL

JAX C.P. PNS

Q.P.

s/p CUST ALA NOR

TEC

0.

0.

T
T
T
T
T
T
T
T
T
T

0001

16.
14,

13.
12,

0002

0.

0003

0004
0005

9.

0006
0007
0007

0.

18.

0008

57.

52.

0009

17.
44,
82,
35,

T
T
T
T

0009
0010
0010
0011
0012

C-11

80.
64.
265,

10.
54,
254,

70.

T

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

0013

11.

0014

72.

50.

17.

0015

0016
0017

32,
257.

0.

0.

121.

130.

0018

22,
34,
45,
67.
35.
110.

11.
17.
20.

10.
15.
25,
39.
24,
64,

0019
0020

0021

0022

0022

43,

0023

30.
169.

11.
59.

0024
0025

0027




WORKLOAD ASSIGNMENT

1 JUNE 1972

DATE

CASE 1

RUN NO./NAME

PROGRAM

FY 74

YEAR

F (Continued)

OTHER XCNUS ARMY USAF COMM TOTAL

. PNS

JAX

S/P CuSsT ALA NOR N.I. Q.P.

TEC

13.

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

T
T
T
T

T

T

0029

0032

0033

0034
0035

16.

0035

0036

0037

0038

0039

0041
0042
0043
0043

15.

0044
0045
0046
0047
0049
0050

16.
49,

13.

22,

19.
14,
40.
152.

13.

0053

0053

24,

12,

0054
0056

47.

16.

0056
0057

11.

0057

250.

0.

180.

0059




WORKLOAD ASSIGNMENT

1 JUNE 1972

DATE

CASE 1

RUN NO./NAME

PROGRAM

74

FY

YEAR

F (Continued)

OTHER XCNUS ARMY USAF COMM TOTAL

PNS

JAX

s/pP CUST ALA NOR . Q.P.

TEC

T
T
T
T
T
T
T
T
T
T
T
T
T

0062
0063

20.

0063

22,

0.

0064
0064

17.
31.
19.

10.
10.

0065

0065

0066

0067
0067
o068

13.
44,

o.

42,

19.

27.

0069

0071

T
T
T

0071
0072
0074

C-13

T
T
T
T
T
T
T
T
T
T
T
T
T

0074

0075

0076

19,
15.
11.

0080
0082

45,

24,
29,
10.

46.

0083

0084

0085
0087

42,

24,

15.

0088

86.
30.

33.
12,

49,
17.

0089

0089

0090
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SECTION 3

CASE II, 5% VARIATION OF ASSIGNMENTS
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WORKLOAD ASSIGNMENT

1 JUNE 1972

FY74

DATE

RUN NO./NAME CASE 11

PROGRAM

YEAR

OTHER XCNUS ARMY USAF COMM TOTAL

PNS

s/p CusT ALA NOR . Q.P. Jax Cc.P.

TEC

80.
104.

40.

A
A
A
A
A
A

0l4e6
0147
0148
0149
0151
0154

13.

91.
21.
148.
138.

60.
246.
438.

0.

98.

91.
114.

56.
13.

35.

101.

P
A

0160

183.

87.

119.

32,

64.
24,
19.
24,

0161

196.

P
A

0161

36.
54,
133.

17.

0lie62

P

0le2
0163

178.

0
0
0.

53.
4
65.

45,

A
A
P

0163
0163

C-34

15.
78.
44,
32,

P
P

0163

27.
30.

37.
14.

14.

0166
0168
0168
0169
0172

P
P

12,
30.
43.
21.
28.
135,

P
A
A
A

0.

26.
10.

0173

0173

P
P
A
A

0173

20.

0173

39.

96.

0175

11.
245,

0175

0.

45. 28, 38.

134.

P
P
A

0175

21.
123,
294,

12.
69,
159.

0175

0.

54.
50.

0176

P

0176




WORKLOAD ASSIGNMENT

1 JUNE 1972

DATE

CASE 1II

RUN NO./NAME

PROGRAM

FY74

YEAR

E (Continued)

OTHER XCNUS ARMY USAF COMM TOTAL

s/p CUST ALA NOR . Q.P. JAX CIHPeE PNS

TEC

109.

0.

10.

75.
19.

24,
12,
11.
67.
14.
41.
13.
91.

P
P
P
P
P
P
P
P
P
A

0202

53.
20.
110.

0204
0204
0205

31.
44.

0209
0211

17.
104,

0211
0212

13.

32.
24,

0213

14,

0218
0218
0219
0220

P
A
A

34,
138.

0.

48.

65.

P
A
A

0220

36.
12.
63.
21,
228.

17.

0221

33.

0221

B
B

0221

0221

163.

65.

P
P

0221

76.

34.

0221




WORKLOAD ASSIGNMENT

1 JUNE 1972

DATE

CASE II

RUN NO./NAME

FY74

YEAR

PROGRAM

OTHER XCNUS ARMY USAF COMM TOTAL

Cc.P. PNS

JAX

S/P CUST ALA NOR N.I. Q.P,

TEC

0.

T
T
T
T
T
T
T
T
T
T

0001

0002

le6.
14.
11.

12,
11.

0003

0004
0005

19.

17.

0006

0007

0007

0008
0009

57.

49,

17.
44,
82,

10.
12.
51.

0.
0.
0

T
T
T

0009
0010
0010

C-36

35.
80.
64,
265,

25,
14.
54.
241,

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

0011

66.

0012

0013

24,

0014

72.

13.

0015

0016

32,
257.

24,

134.

117.

0017

0018

22,
34,
45,
67.
35.
110.

0019

19.
22,

13.
23,
36.
22,
59.
11.
59.

0020

0021

0022

0022

0.

0023

30.
169.

0.

17.

0024
0025

16.




WORKLOAD ASSIGNMENT

1 JUNE 1972

FY74

DATE

CASE II

RUN NO./NAME

YEAR

F (Continued)

PROGRAM

OTHER . XCNUS ARMY USAF COMM TOTAL

s/p CuST ALA NOR N.I. Q.P. JAX C.P. PNS

TEC

T
T
T
T
T
T

0027

13.

0029

0032

0033

0034

0035

T
T
T

0035
0036

0037

T

0038

T
T
T

0039
0041
0042

C=-37

0.

14,

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

0043

0043

0044
0045

0046
0047

16.
49,

20. 15.

0049
0050

19.
14.
40.
152,

13.

0053

0.

14.
17.

o.

0053

22.
74.

0054
0056

13.

10.

0056

16.

0057

250.

0057

20.

20. 168.

0059
0062




WORKLOAD ASSIGNMENT

1 JUNE 1972

FY74

DATE

CASE 11

RUN NO./NAME

YEAR

F (Continued)

PROGRAM

OTHER XCNUS ARMY USAF COMM TOTAL

PNS

JAX

s/P CUST ALA NOR . Q.P.

TEC

20.

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

T

T

T

T

0063
0063

22,
21.
41.

0064
0064
0065

16.
29.
18.

12.
11.

29.

0065

0066
0067
0067

13.
a4

11.

40.

0068
0069
0071

17.

29.

0071

0072

0074
0074
0075

0076

0080
0082

45,
46.

21.
17.

22.

27.

0083

0084
0085
0087

42.

26.

13.

o088
0089

86.
30.

37.
13.

45.
16.

0089
0090
0095

223,

103.

0 120.

36.
117.

0095

12. 0 27.

78.

0096
0096

21.




WORKLOAD ASSIGNMENT

1 JUNE 1972

FY74

DATE

CASE II

RUN NO./NAME

PROGRAM

YEAR

F (Continued)

OTHER XCNUS ARMY USAF COMM TOTAL

C.P. PNS

JAX

Q.P.

S/P CUST ALA NOR

TEC

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

0097

0098

0101

77.

30.

43,

0104
0105

34,
18.
59,
60.

6l.
35.
96.

26.

0106
0106
0107

17. . 0

34.
34,

0108
0111

0112

0113

92.
15.

0114
0115

112,

13.
16.

13.

Q
%
O

56.
17.
22,

O0lle
0116
0117

0.

31.
43,
49.

17.
15.
18.
23,

0118
0119
0119

0120

14.
13.
23,
23.

15.

48,

0121

0122

0123

0. 0

0129

0131

14,

0133

0133

0141
0142

48.

0144
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SECTION 4
CASE OI, +10% VARIATION OF ASSIGNMENTS
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WORKLOAD ASSIGNMENT
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FY 74

DATE

RUN NO./NAME CASE III
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o108 T
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DOP/NARF
A - ALAMEDA

B - NORFOLK

C - NORTH ISLAND

D - QUONSET POINT
E - JACKSONVILLE

F - CHERRY POINT
G - PENSACOLA

SUB-PROGRAM

D - PAR

F - PAR/CONVERSION
P - REPAIR

S - MISSILE REWORK

T -F/]

INDEX OF CODES

PROGRAM

A - AIRCRAFT
B - MISSILES
E - ENGINES

F - F/] (COMPONENTS)

CUSTOMER *

A - NAVY FLEET/TRAINING COMMAND
B - BIS/PROJDEV/DRONE

L - AIR FORCE

N - COAST GUARD

Q - INTERNATIONAL

C-81
(REVERSE BLANK)










