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EXECUTIVE SUMMARY

The acquisition and management of aircraft engines is significant

because of the large Investment that is Installed and spare engines :

Air Force $ 6.88

Navy 3.3B

Total $lO.1B

Because of the large dollar investment in engines the Department of

Defense published (1971) an Instruction for use by all three servi ces in

developing spare engine procurement requirements . The General Accounting

Office has initialed “a research effort to gather data on the methods used

by the military services to determine aircraft engi ne requirements.”
-: Therefore, this project included a review of the methods used by the Air

Force and the Navy to compute spare aircraft engine procurement require—

ments .

It was determined that both the Air Force and the Navy have im-

plemented the DOD! for computation of spare aircraft engine require-

ments for non-modularly designed engines . Further , each has developed

a new requirements technique , based on RAND ’s Multi-Echelon Technique

for Recoverable Item Control (METRIC), that considers the services ’

maintenance environment and the modular engine support scenario.

Di ffe rences were perceived between the Air Force and the Navy
• management of aircraft engines. These differences were explored and

conclusions were drawn as to the reasons for these differences and

their possible impact .
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SECTION I

• INTRODUCTION

- 
- Purpose of the Study Project

The acquisition and management of aircraft engines has been

F recognized within the Department of Defense as a separate but unique

part of the requirements process. Support of this statement is con-

tained in Department of Defense Instruction 4230.4 dated 20 July 1971,

Standard Method for Computation of Spare Aircraft Engine Procurement

Requirements.

The purpose of this study is to review, compare, ar’d contrast the

management of spare aircraft engines within the Departments of the

Air Force and Navy. Additionally, I will focus on the spare engine re-

quirements methodologies in both the Air Force and Navy.

~pecific Goals of the Project

The goals of this study are threefold:

a. In January 1975 the General Accounting Office (GAO)
notified the Assistant Secretary of Defense (Comp-
troller) that they were “initiating a research effort
to gather data on methods used by the military services
to determine aircraft engine requirements. ” (7:1)
Therefore, the first goal of this project is to review
Air Force and Navy policy , procedures , and requirements

• : methodology for conformance to established DOD policy
and procedures.

This notation will be used through the report for sources of quotations
and and major references. The first number is the source listed in the

• bibliography . The second number Is the page in the reference.
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b. The second goal of this study is to enhance the
researcher’s knowledge of the Navy ’s policy, pro-
cedures, and methodology for possible application ,

• - where appropriate, to Air Force propulsion system
acquisition and management strategies.

c. On~ final goal is to determine if there is aperceived need within the Air Force and Navy to
reconuiiend to OSD that the DOD Sub—Task Group on
Spare Engine Requirements be re-convened to re-
view and update DOD! 4230.4.

Scope of Project

While limited in scope to one unique part of the DOD requirements

process , this study project involves large inventories and dollar ex—
penditures within both the Air Force and Navy. Figures 1 through 4

provide insight into the size of Air Force and Navy inventories of

• engines and the respective size of their proposed annual spare engine

procurement programs :

ii
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Inventory Size

Air Force (as of 31 Dec 75)

Dollars
Quantity (In Millions)

Jet Engines

Installed 28,877 $ 4,780
Spare 9,368 1,618

38,245 $ 6,398

Reciprocating 
-

Installed 2,669 $ 86
Spare 2,836 131

5,505 $ 217

Missiles

Installed 212 59
Spare 216 24

428 $ 83

Small Gas Turbines

Instal led 6,927 $ 106
Spare 2,257 36

9,184 $ 142

Total Engines

Installed 38,685 $ 5,031
Spare 14 ,677 1,809

GRAND TOTALS 53,362 $ 6,840

FIGURE 1

Source: AFLC, Requirements Inventory Analysis Report (RIAR),
RCS: LOGS-l88, 1 Jan 76
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Inventory Si ze

Navy (as of 31 Dec 75)
- 

• 

Dollars• Quantity (In Millions)
- Jet Engines

Instal led 10,663 $ 2 ,328• Spare 3,839 787

14,502 $ 3,115

Reciprocating

Installed 2,507 $ 128
Spare 1,125 58

3,632 $ l8E

• I Total Engines

Installed 13,170 2,456
Spare _4-,964 845

GRAND TOTALS 18,134 $ 3,301

FIGURE 2

Source: NAV AIRSYSCOM , AIR-4122, Mr. Joseph Barl ow

NOTE: The Navy does not manage missile or small gas turbine engines in
their Engi ne Status Accounting System. These engines are managed within
other Navy inventory systems . -•

N - L
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Annual Spare Engine Procurements

Air Force (as of 1 Jan 76) (Dollars in Millions)

• • 
Aircraft/Engine FY 75 FY 76 FY 71 FY 77

A-1O/TF34GE100 $ 9.6 $ 3.9 $ .040 $ 17.7
E-3A/TF33PW100 2.7 .5 0 6.1
F5E/J85-21 4.3
F-l5/F100PW100 108.0 104.8 23.5 62.1

- • 
TOTAL $124.6 $109.2 $23.54 $ 85.9

FIGURE 3

Source: AIR Force BP1600 Aircraft Initial Spares, FY 77 President’s Budget,
1 Jan 76

Annual Spare Engine Procurements

Navy (as of 1 Jan 76) (Dollars in Millions)

Aircraft/Engine FY 75 FY 76 FY 71 FY 77

A-7/TF41A2 $ 7.5 $ 3.0 $ 1.5 $ 3.2
A-4M/J52P408 2.7 .9 3.8
A— 6E/J52P8B 

- 

2.1 1.5
F-l4/TF30P412 26.8 16.5 4.0 5.8
CH53/T64GE415 1.7
AH-1T/T400WV402 1 .3
P-3C/T56A14 2.1 .5 1.3
E—2C/T56A425 1.5 2.1 .5 .8 —

-
• S-3A/F34GE400 7.9 21 .8 2.4

UH-IN/T400CP400 1 .9

TOTAL $ 43.7 $ 52.2 $ 7.4 $ 21.8

FIGURE 4

Source: NAV AIRSYSCOM , AIR—4l22, Mr. Joseph 
Barlow5
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Limitations of the Report

I have limi ted my research to the Air Force and Navy because of

my knowledge of Air Force policy and procedures and the relative

availabi l ity of Naval Air Systems Command in the lninediate area.

Extension of this study to the Army would require a visit to the

Aviation Systems Comand in St Louis. The limitin g of this study

to the Air Force and Navy was initially based on preliminary research

on all three services propulsion system management systems. A large

similari ty exists between the acquisition and management of propulsion

systems within the Air Force and the Navy ; therefore I have concen-

trated my research in the comparison of their techni ques.

Additionally, I have limi ted my research to the acquisition and

management of whole engines and module s. Time precludes extension of

the formal report to include the repair of whole engines and/or the

acquisition and repair of engine spare parts. Al though it is recog-

nized that management philosophy and policy should encompass all three

requirements areas in order to more efficiently and effectively utilize

availabl e scarce dollar resources.

An additional limi tation is that the study will be confined to the

acquisi tion and management of l arge turbine eng ines . This will in-

d ude jet, turbofan , and turboprop engines used as the prime propulsion

system on Air Force and Navy aircraft systems. Excluded from the study

are reciprocati ng engi nes, li quid and air breathing rocket engines , and

small gas turbine engines used as auxiliary power 
units.6
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Organization of the Report

• The balance of this report is organized into three sections.

• 
- 

The present situation in the Air Force and Navy will be covered

in Sections II and III. My observations, conclusions, and proposed

follow-on actions are included in Section IV.

F
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SECTION II

AIR FORCE SECTION

Air Force Management Philosophy

Within the Air Force propulsion systems have been managed under

a separate philosophy since the l950s. That philosophy - selective

management - is similar to the concept of management by exception .

This policy “provides for more precise control of costly items and

with decreased control of low cost items.” (6:7)

The Air Force has constantly updated and upgraded its l ogistics

systems to meet the challenge of higher cost, more sophisticated ,

from both an acquisition and operational support cost viewpoint ,

weapons systems. The Air Force “objective has been to develop a

responsive logistics support structure that will support modern weapons

economically and maintain both readiness during peace and combat effec-

tiveness durin g war.” (6:7) -

The large Air Force dollar investment in propulsion systems ($6.8B)

• and the high acquisition cost of new engines (approaching $2 M each for

the F100PW100) causes the Air Force to continue to apply the policy of

selective management to propulsion systems. AFM 400—1 states:

• “The philosophy of selective management is constant.
• It is not subject to change , althoug h the procedures are

• always subject to periodic change . It is always important
to incorporate improvement that take advantage of each tech-
nological advance in equipment and each refinement in manage-
ment control .” (6:7)

8
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This management philosophy has resulted fn the development of a

separate Air Force logistics system for propulsion systems. This

system is supported by a major data system - the Propulsion Unit

Logistics System. This system shall be identified hereafter by its

Data System Designator - D024 .

The central theme of Air Force propulsion system management philo-

sophy and of the D024 is serialized control of all Air Force propulsion

units from an inventory gain until the engine is transferred out of the

Air Force or sent to disposal . The Air Force currently manages over

53,000 propulsion units with an acquisition value of $6.8B within the

0024. The Air Force Logistics Command has been delegated the responsi-

bility for the development, implementat ion, and maintenance of a

centralized management and accounting system for all Air Forced owned

• propulsion units. This function is accompl ished under a centralized

• computer controlled inventory account at Oklahoma City Air Logistics

Center, T inker AFB , Oklahoma .

AFLC receives input data daily of all changes in the world wide

location, sta tus , or condition of all Air Force propulsion units .

These daily changes are reported by serial number and are the basis

for updating one or more of the major sub-systems in the D024. These
• sub-systems and their titles are as follows : (6:41)

D024 A Propulsion Unit Data Col l ection Status Sub-System

D024 B Propulsion Unit Inventory Management Sub-System

0024 C Propulsion Unit Al l ocation and Distribution Sub-System

D024 D Propulsion Unit Pipeline Analysis Sub—System

9
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D024 F Propulsion Unit Actuarial Experience Computation Sub-System

D024 I Propulsion Unit Engine Configuration Ilanagenient Sub—System

D024 J Propulsion Unit Actuarial Forecast Computations Sub-System

D024 K Propulsion Unit Financial Inventory Accounting Sub—System

D024 L Propulsion Unit Base Level Reporting Sub—Systems
(AFLC Peculiar)

Through the design , implementation , and use of the D024, with its

various sub-systems, the Air Force provides a separate logistics system

for the selective management of propulsion units from gain to loss.

Included in this central data system is all data concerning sequential

flows of engines through the various phase of the Air Force’s engine

management system. The flow of engines within the Air Force is de—

picted below and is based upon a bi-l evel system (intermediate and

depot) of off-wing engine maintenance.

Simplified Engine Flow Diagram

~
c_

Remove_9
~ 

~~~~~~~ed(~i 
• 

CT~
stall )

Require NO rintermed-late Base 1
Depot ~t1aintenance ~ Safety Base
Repai facility (Bas ) Stock f Cycle

YES [(Includes Tes ) Inc1ude~

~~~:~~~enance I DI S:~ety iDepot
facil ity Stock (Cycle
Vlncludes Tea)

FIGURE 5
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The above engine flow cycle Is the heart of both management
• 

• 

and requirements for spare engines . One can readily see that in a

dynamic environment engines are either in a state of semi rest in
- • one of the blocks of the diagram or in transit between blocks of the

diagram. The rate of flow through the base and depot portions of

the flow diagram is a function of engine operating hours and failures

or removals per some segment of operating hours.

Both of these points - serialized control and the concept of a

dynamic flow of engines - are the basis for the Air Force management

system. Serialized reporting enables the Air Force to maintain posi-

tive control of all assets; track failure rates and patterns; and

record the length of time an engine remains in each segment of the

flow cycle. Management’s job, then, is to design a reliable engine

that can be maintained economically and timely at the lowest maintenance

level ; assure that transportaion time between bases and depots is

strictly control led ; and develop an operational and maintenance environ-

ment that provides a desired level of operational support with a minimum

of resources (in this case spare engines).

Another advantage of the Air Force management system is the concept

of automatic re-supply. Within the Air Force all base level engine

transactions (change reports) are prepared/control led by an individual

(civilian or military ) that has been designated as the Base Engine

• Manager. Upon determination that an engine requires depot level repair/

maintenance the Base Engine Manager submits a change of status report

11
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to the D024. This status report automatically updates the inventory

record and the computer determines if a servicable engine must be

shipped to replace the one that requires shipment to depot for repair.

This decision is based upon comparison of the number of engines on

hand and due in with the base’s authorized level . If re—supply action

is necessary the computer sends a notice to the Engine Inventory

Manager (ElM) to institute automatic re-supply action. No formal re-

quisitioning system exists; therefore distribution of engines within

the Air Force is based on a change in engine condition rather than a

physical movement or requisitioning process. This type of a distri—

bution system is called a push rather than a pull system.

To summarize, the Air Force uses a selective management philosophy

for propulsion systems due to their high dollar value for acquisition ,

operation , and support. This selective management philosophy has been

implemented through the application of a computerized , central ized ,

serialized accounting and control system. The Air Force management

philosophy and system are designed to provide maximum readiness with

a minimum investment in spare aircraft engines .

Organization

Engine management in the Air Force has been centralized within the

Air Force Logistics Command (AFLC). This major command headquarters

is responsible for developing policy and procedures for Air Force wide

management of propulsi on systems. They are responsible for preparing

the basic Air Force policy document for engine management - AFM 400-1.

• 12
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• This manual , after review by the HQ IJSAF, is applicabl e to all commands

• - - In the Air Force.
• AFLC has also been delegated the responsibility to chair two Air

Force wide committees that are the major governing bodies in the Air

Force that impact engine management. The two committees and their

functions are as follows :

a. Air Force Engine Logistics Planning Board (ELPB) -
- - “The function of this board is to establish policy

and provide guidance on matters relative to the
• management of propulsion systems .” (6:10) Membership

on the board will consist of a senior representative
(appointed by the DCS/Logistics) from each major
operational command. Representatives from HQ

• USAF will act in an advisory capacity.
• b. Aerospace Engine Life Committee (AEL) -

The functions of this committee are to establish
various forecast factors relating to engine manage-
ment as a result of their review of actuarial ,
statistical , and technical information . Member-
ship to the AEL is similar to the ELPB except that
the major command representatives usually have a
maintenance background and are of a lower grade
level than the ELPB members. (6:15)

As stated earlier in this paper a further example of the centrali-

zation of engine management within AFLC is the fact that they developed ,

control , and operate the Air Force’s Propulsion Unit Logistics System

(D024).

A further horizontal and vertical centralization of engine manage-

ment in the Air Force occurs through the establishment of a Command

Engine Manager in every major command headquarters and the establishment

of a Base Engine Manager at every Air Force base. These positions ,

• their functions and duties, are establ ished by AFM 400-1 and they

13
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provide a vertical engine management chain within a command and a

horizontal chain between commands. It is possible to find military

and civilian personnel in the Air Force who have been involved in

• 
- 

engine maintenance and/or management for most of their careers.

This organizational structure provides for a stable environment for

Air Force engine management.

A continuing of the centralization of Air Force engine management

occurs within the Air Force Logistics Command. AFLC has elected to

retain the responsibility for spare engine procurement requirements

computation at the headquarters level while the balance of the engine

management functions have been delegated to San Antonio and Oklahoma

City Air Logistics Centers (ALCs). These two ALCs have been delegated

the responsibility for management and repair of whole engines and

engine spare parts. Figure 6 provides a graphical presentation of

these relationshi ps:

HQ USAF Approve and oubl ish policy in AFM
400—1 and act as advisors to ELPB
and AEL .

HQ AFLC Develop engine management policy ,
compute spare engine requirements,
and Chair ELPB and AEL.

Air Logistics Centers Manage whole engines and engine
spare parts. Determine procurement
and repair requirements for engine
spare parts and repair requirements
for whole engines and engine spare
parts .

FIGURE 6
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To summarize, the Air Force has elected to provide strong centralized

control of their $6.8B inventory of Installed and spare engines . The

basis for this centralized control and management is AFLC ’s Propulsion

Unit Logistics System (D024). This centralized engine serialized

control and reporting system enables the Air Force to provide cost

effective weapon system support while miminizing their investment in spare

assets .

Requirements Methodology

DOD policy and procedures for the computation of spare engine pro-

curement requirements are covered in DODI 4230.4 dated 20 July 1971.

• This procedure is an adaptation of the spare engine requirements metho-

dology used by the Air Force prior to issuance of the DODI. The Air

Force utilizes the standard spare engine requirements methodology and DOD

forms for all non-modularly designed engines .

In order to better understand the spare engine requirements compu-

tation methodology , it is necessary to become familiar with many of the

terms used by the services . While this list is not complete , i t  wi l l

provide a base for a comon language and understanding of the Air Force!
DOD spare engine requirements computated :

Actuarial Removal Interval (ARI) A factor developed for use
in forecasting engine removals. It is a ratio of operating
hours to engine removals.

Overhaul Removal Interval (OHRI) An AR ! factor developed for
• use in forecasting removals for major overhaul .

Base Maintenance Removal Interval (BMRI) An AR ! factor
developed for use in forecasting engine removals for base
maintenance . (Intermediate Repair)

15
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Combined Maintenance Removal Interval (CMRI) An AR! factor
developed for use in forecasting total engine removals
(removals for major overhaul and for base maintenance).

Automatic Resupply and Build Up Time (ARBUT) The time
from base submission of an engine status change stating
an engine has been removed for major overhaul until the
base receives a servicable engine and bui lds  it up for
Installation into an aircraft.

The computation methodology used by the Air Force is directly

related to its maintanance levels. The Air Force basically uses a

two echelon maintenance system (see Figure 5). The first level is

the base repair cycle for maintenance work authorized at base level -

periodic inspections , base level TCTO and intermediate repair. The

second level is the depot overhaul cycle for maintenance requiring

depot level facilities and skills - major overhaul . These two main-

tenance levels and the pipeline time required to supply the base

with a replacement engine for one removed for depot l evel overhaul

comprise the major segments of the requirements computation . A safety

level factor is added at base and depot level to provide for fluctu-

ations in forecast number of engine removals and in the demand at

depot or elsewhere in the engine pipel ine.

With these segments in mind , we will now look at the base for a

spare engine computation . This base is the aircraft flying hour

program contained in the applicabl e Hqs. USAF generated program

documents. These include :

USAF Program - Aerospace Vehicles and Flying Hours (PA)

USAF War Mobilizat ion Plan , Volume 6 (WMP-6)

16
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USAF Military Assistance Program; Part II; Aircraft , Missiles ,
and Flying Hours (PA-M)

USAF Ai rcraft Production Schedule (WA) (6:66)

From the above documents are selected or computed the number of

squadrons or bases , number of active aircraft, and aircraft and engine

operating hours for a 30 day period. Both wartime and peacetime flying

hours are extracted and the greater of the two is used for the computa-

tional base to assure that support is availabl e for the greater of the

two flying hour programs. The 30 day engine operating hours are divided

by the Overhaul Removal Interval (OHR) to compute the expected number

of major overhaul removals for that period. A daily number of removals

is also calculated and then multipl ied by the number of days in the

Automatic Resupply and Build-up (AR BUT) pipel ine to compute that seg-

ment. Division of the 30 day engine hours by the Base Maintenance Re-

moval Interval (BMRI) provides the expected number of base maintenance

removals for that period. Again , a daily rate is calculated and multi -

pl ied by the number of days in the base maintenance cycle to compute that

segment. The total of the ARBUT and Base Maintenance quantities is

divided by the number of squadrons or bases to give an average per

squadron or base. This figure is used in computing the base 90% confi-

dence level s-afety factor to assure that sufficient assets are on hand

• to meet requirements that fluctuate above the average. Multiplication

of the ARBUT , Base Maintenance , and Safety Level Quantities by the num-

ber of squadrons or bases provides a command level requirement. After

the above , the depot segments are computed . These are just the daily

17
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depot overhaul removal rate times the number 0f days in the depot 
-

•

- 
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overhaul cycle plus a depot safety level requirement based on a

90% confidence factor. A sample computation follows to show the

mechanics of the Air Force methodology. An outline explanation is

provided for the entry on each l ine of the sample computation:

SPARE ENGINE

REQUIREMENTS COMPUTATION

EXAMPLE • FLYING HOURS

Peace War

1. No of Sqdns or Bases (from Program Document) 5 5

2. No of 0/A Ai rcraft (from Program Document) 90 90

3. Ai rcraft Flying Hours (from Program Document) 6750 9000

• 4. Engine Operating Hours (#Engines x Acft Flying
Ho urs) 18000

5. OHRI (from AR! Table) 900

6. Removals - Overhaul - 30 days (line 4~~ line 5) 20.000

7. Removals - Overhaul - Daily (line 6430 days ) .667

8. ARBUT days (from AFM 400-1) 15

9. ARBUT Requirement (line 7 x line 8) 10.005

10. BMRI (from ARI Table) 300

Il. Removals - Base Maint - 30 Days (4+10) 60.000

12. Removals - Base Maint - Daily (11 -~
- 30 days ) 2.000

13. Base Maint - Pipeline Days ( from AFM 400-1 ) 18

14. Base Maint Requirement (12 x 13) 36 .000

15. ARBUT and Base Maint Reg - Command (9 + 14) 46.005

18



- ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —

- 
• —.--.r~-~~~~~~r ’  - -

SPARE ENGINE

REQUIREMENTS COMPUTATION
• EXAMPLE FLYING HOURS

Peace War

16. ARBUT and Base Maint Req — Sqdn/Base (154- 1) 9.201

17. ARBUT, Base Maint and Safety Req (from AFM400-l) 13

18. Total Command Req (1 x 17) 65

19. Depot Overhaul Cycle Days (from AFM 400-1) 34

20. Depot Overhaul Cycle Reg (7 x 19) 23

21. Depot Safety Level Req (7 x 21) 6

22. Total Requirement (18 + 20 + 21) 94

FIGURE 7

In summary, the Air Force spare engine requirements computation

• is based upon a vari ety of factors that determine the number of engines

needed to fill the various segments of the pipeline.

Program Documents - These classified documents are furnished to

the Air Force Logisti cs Command from Hqs USAF and prov ide the flying

hours , number of ai rcraft , and number of squadrons or bases used in

the requi rements computation.
• Actuarial Removal Intervals — The Overhaul Removal Interval

(OHRI) and Base Maintenance Remova l Interval (BMRI) are , in the initial

phases of an aircraft/engine buy program , milestones or estimates .

19
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These factors usually double or triple as actual experience is gained

• through extended engine use and short lived components are redesigned

and improved through the Component Improvement Program (CIP).

Base Maintenance Flow Times — A standard based upon past ex-

perience on an engine of similar complexity . Again 1 early extended

flow times usually use up the depot safety level assets.

Automatic Resupply and Build-up Time (ARBUT) - This standard is

based upon the past average number of days to ship a spare engine and

build it up for installation . (This segment is called Engine Requisition

and Build-u p-time (ERBUT) by the Navy.)

These factors are a combination of scientifi c methodologies (ARI

Tables and Base Safety Level Tables) and standards based upon past

performance of s imil ar engines that may or may not be justifiable

estimates. The Air Force/DOD methodology provides a fairly straight—

forward , fully vis ible presentation of the requi rements process for

non—modu larly designed engines .

• ~pare Engine and Module Requirements

At the time that the current DOD! 4230.4 was drafted (1970-71 )

• It was recognized that some of the new generation engines would be

designed for qui ck di sassemb ly i nto mai ntenance modules and that thi s

design concept would reduce the number of whole engines in the main -

tenance pipelines . These engines will be replaced by quantities of the

lowe r indenture modules fl ow ing through the base and depot ma intenance

pipelines . Recognizing that the DOD methodology did not mathematically

20
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treat either the interaction of a two-echelon (base and depot) or a

two-indenture (whole engines and modules) inventory problem , the

services were told to adapt the existing methodology for spare engines

and modules.

The Air Force went a step further and adapted the RAND developed

Mul ti Echelon Technique for Recoverable Item Control (METRIC) fo~
computing requirements for spare engines and modules. A discussion of

the A ir Force ’ s adaptation (Modified METRIC or MOD-METRIC) of this

technique i s beyond the sco pe of this paper but can be found on pages

472-481 in the December 1973 issue of Management Science or in AFLCP

57—13, Recoverable Inventory Control Using MOD-METRIC dated 28 February

1975.

A graphical representation of a two-echelon, two-indenture in-

ventory model for modularly designed engines is included as Figure 8.

Perusal of the two-echelon , two-indenture inventory model reveals

that the objective of the modularly designed engine is to shorten the

time for repair of whole engines. This is accomplished by fault iso-

lation to a defective module ; removal and replacement by a servicable

module; and returning the engine to a servicable status. If this is

accompl ished at the lowest echelon base l evel , the repair time for whole

engine is reduced and the number of days an engine is servicable is sub-

stantially increased . The failed module is then repaired at either

base or depot level depending on the extent or type of failure . Re-

placing a high cost engine in the maintenance pipelines with a mix of

lower cos t modules resul ts in a cos t effec tive trade off that prov ides

21
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the same level of engine availability at a lower investment in spare

engines and spare modules .

- - This requirements technique was first implemented in the Air Force

in 1971 for spare engines and spare modules to support the F—15 aircraft .

It was briefed through the Air Staff to OSD/ I&L(SR) and accepted for

Air Force application to modularly designed engines . AFLC has con-

tinually refined the model and is just now revising the model to compute

Al though MOD-METRIC requires the same elements of data on the

engine and each module , it provides a better al location of requirements

between engines and modules. It trades off some whole engines for a

• mix of modules and for the F-15 developed requirements , when compared

to the OODl 4230.4 methodology, provides the same forecast level of

support for a savings of $44 M.

In sumary, the Air Force cur rently uses two separate requirements

techniques. The fi rst - for non—modularly designed engines — is in

accordance with DOD! 4230 .4. The second - for modularly desi gned

engines - has been approved by OSD but has not been officially covered

in a DOD instruction for use by all three services.
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SECTION III

NAVY SECTION

Navy Management °hilosophy

The date for this section of the paper are based upon personal

interviews with Naval Air Systems Command and Naval Weapons Engineering

Support Activity personnel and review of various Navy studies and policy

documents. I will provide a comparison with the Air Force baseline

established in Section II.

The Navy has also recognized that aircraft engines are a signi-

ficant portion of their total inventory ($3.3 B) and have therefore

developed a unique, serialized engine inventory/status accounting system

that parallels the Air Force’s Propulsion Unit Logistics System. How-

ever , the Navy system does not match the Air Force system in either
breadth or depth of coverage. The Navy ’s Aircraft Engine Accounting

System (EAS) does not contain miss ile or small gas turbine (auxillary )

engines. These types of engines are managed within other Navy inventory

systems. In a similar fashion , the Navy EAS does not contain some of

the various subsystems of the Air Force ’s DO24 system. Configuration

control and actuarial data are two primary areas that are treated

• separately from the EAS. There is , however, an interface between the

EAS and the Navy ’s new actuarial system. This new actuarial system -

Statistical Calcu la t ion  and Analysis for the Logistics of Engine Removals

• (SCALER) Methodology was developed by the Naval Weapons Engi neering

Support Agency for the Naval Air Systems Comand.
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The basis for the Navy’s Engine Status Accounting System -Is a

daily exception reporting, by serial number , of changes in condition,

• location or status of their engines. These reports , similar to the
- 

Air Force, are sent via Autodin or electrically transmi tted by a message.

While the Air Force uses the D024 for daily management between AFLC and

the Major Commands (MAJCOMS), the Navy does not appear to have a strong

centralized control. This difference could be the result of the Navy’s

decentralization of engine management; their Type Commands (TYCOMS)

need for independent operation within their sphere of influence; or

their four-echelon maintenance system.

As I indicated earlier (Figure 5) the Air Force uses a rather sim-

plified two-echelon (intermediate and depot) maintenance system. This

enables the Air Force to maintain strict serial number control of assets

in the maintenance pipelines and forecast the flow of engines through

the pipel ine. However, the Navy engine main tenance system is somewhat

more compl icated due to the four-echelon or level system shown in

Figure 9.

Dr. Muckstadt describes the Navy -four-echelon system structure in

his paper on NAVMET as follows :

• “The four-echelon system consists of a group of bases
and a depot. Each of the bases is capable of performing
only certain types of maintenance. First-degree bases
can perform almost all types of maintenance except engine

• overhauls . Second—degree bases have the capability to
• repair only a portion of the engine mal functions that a
• first-degree base can repair. A third-degree base has

- only a very limi ted repair capacity and consequently
performs only mi nor maintenance . The depot, on the other
hand, can perform all types of repair. Ma l functions ex-
perienced at a base may be repaired at that base or may

• 25
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3r d-Degree Bases 
-I
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- I
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3rd Deg

* A 1st-degree base may serve zero , one, or more 2nd-degree
bases , and all the 3rd-degree bases subordinate to those
2nd-degree bases.

** A 2nd-degree base may serve zero, one, or more 3rd-degree bases ,
but is itself subordinate to only one 1st-degree base.

~~ A 3rd-degree base is subordinate to only one 2nd-degree and
to only one lst-deqree base. •

FIG URE 9
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be sent to some higher echelon (lower degree numbered
base or the depot) for repair. Depending on the type of
malfunction that occurs, it is assumed that the location
at which repair will take place is known.

Furthermore, it may be assumed that the supply and
• maintenance systems for an engine can be represented by

the tree given in Figure 9. Specifically, it may be
assumed that the set of bases can be partitioned into a
collection of mutually exclusive and collectively exhaus-
tive and collectively exhaustive sets. Each set is charac—
terized by having exactly one first-degree type base in it
and a col lection of second- and third-degree type bases
logistically subordinate to the first-degree base. This
set is called a degree-one family. The subordinate second-
and third-degree bases are assumed to receive all first-
degree resupply from the first-degree base in that set.
Similarl y, to each subordinate second-degree base in the
set there corresponds a set of third-degree bases that it
resupplies. The set whose members are the second-degree
base and the bases logistically supported by that second-
degree base is called a degree-two family. No third-
degree base is resupplied by more than one second-degree

• type base.” (14:17)

This maintenance structure significantly increases the management

• problem (centralized management) because a failure at a third-degree base

could be repaired at that l evel , or forwarded to any one or successively
• all of the level s or echelons above the third-degree base. Therefore,

a third-degree failure could flow as follows:
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Engine Flow Diagram

Third- Second- First-
• Degree Degree Degree

Base Base Base Depot

a. X

b. —IX

c. Xd

d. XI 
-

e. X
1 

rX

f. X —PX pX prX
X(, X

9. X
X4, 

. 
X

FIGURE 10

a. Third-degree failure repaired on site.

b. Third-degree failure forwarded to second-degree ,
repaired , and returned .

c. Third-degree failure forwarded to first-degree,
repaired, and returned .

d. Third-degree failure forwarded to the depot,
repaired , and returned .

e. Third-degree failure forwarded to second-degree
and subsequently to first-degree, repaired and
returned.

f. Third-degree failure forwarded to second-degree ,
then to first-degree, then to the depot, repaired ,
and returned.

g. Third-degree failure forwarded to first-degree
• and subsequently to depot, repaired, and returned .

28
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There are seven combinations with a depot and single first- ,

second- , and third-degree base set up. These become increasingly more

di f f icult to manage when there are different Navy TYCOMS and the

Marine Corps involved In the mix of first- , second— and third-degree

bases. Navy maintenance policy and planning personnel indicated that

some TYCOMS will ship an engine to a more distant second- or first-

degree base because the near bases (first and second) are controlled

by another TYCOM or the Marines.

Another problem that makes the centralization of Navy aircraft

engine management difficult is that the criteria for determining if

an engine should be repaired at a higher level and at which higher

level are not uniformly applied throughout the Navy. Therefore,

management and control of engines in the Navy has been more decentralized

to the the TYCOMS.

The Navy has also established a multi-command engine management

group. The Engine Life Management Group (ELMG) is chaired by Naval Air

- • Systems Command with voting members from the five Navy Operating or

Type Commands. OPNAV INST 13790.1 states that:

In the past, management of aircraft engine programs
(i.e., spare engine procurement, repair parts support ,
engine rework forecasts, etc.) has been accomplished
throughout the Naval Establishment without optimum co-

- • 

ordination. This has frequently resulted in program
Imbalance and an inefficient utilization of existing
resources. Automatic data processing systems have pro-
vided the means of making actuarial data available to

-
• all commands in sufficient time to provide for a coor-

dina ted effort. It has been determined that establish-
ment of an ELMG to review and approve engine management

29  
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factors for use by Operating/Logistics Forces is the
• most efficient way of insuring an effective engine

• . management effort . Thus , al l  commands should plan
future actions based upon joint decisions reached by
the ELMG regarding the many factors involved in engine
management. ” (18:1)

NAVAIR INST 13790.1 further states that:

“The ELMG will furnish the basic centralization now
missing in engine life management and afford all commands
a voice in determin ing and approving the many factors in-
valved in life management of an ever increasing financial
inventory of Navy engines.” (17:1)

The Navy took a step forward in further centralization of engine

management when NAVAIRSYSCOM presented a new centralized computation of

pool requirements for the various TYCOMS. Previously the TYCOMS had in-

dependently calculated the spare engin~ requirements and submitted them

• to NAVAIR to be satisfied . Wide variations existed between the commands

in methodology and stability of total Navy requirements for budgeting

and plann ing was difficult to achieve. Under the new procedure NAVAIR ,

based on ELMG approved factors, will compute a best distribution of

available assets for the TYCOMS. These “best mix ” quan tities will then

serve as a baseline for negotiation between NAVAIR and the TYCOrIS. A

similar but independent manual procedure is used by the Air Force.

• In summary, the Navy has established a serialized accounting and

control system but has not yet developed a strong centralized management

system for aircraft engines. Additionally, I perceived that the strength

- • and direction of the Navy engine program was in the maintenance rather

30
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than materiel management organization. This is opposite from the Air

Force where the materiel management or supply side of• the house has

the control function. This difference Is probably the result of the

Navy four-echelon maintenance system.

Organization

Engine management within the Navy is more decentralized than within

the Air Force. In my attempt to understand these various organizational

relationships I developed Figure 11. Perusal of this figure reveals that

Navy spare engine requirements computations are developed at a lower or-

ganizational level than in the Air Force. The basic disadvantage to this

structure Is that there are more levels of review between the individual

developing the requirements and the OSD budget reviewer. This can result

in a filtering of the knowledge behind the factors used in developing

the requirements. Another problem of additional layering is the ability

to react In a timely fashion to changes to aircraft del ivery schedules

that occur immediately prior to the budget submission date. Additional

layering usually means addit ional review and therefore additional delays .

The Navy organizational structure causes a separation of the res-

ponsibilities for management and repair of whole engines and engine spare

parts. Thls separation could cause an uneconomi cal imbalance in the re-

quirements for repair of whole engines and the repair of engine spare

parts. Without proper coordination and balance it is possibl e to have

whole engines move to higher echelon maintenance facilities due to the

non-availabilit y of a spa re part at the lower level maintenance facility .
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This action causes the expen di ture of unnecessary transportation dol lars ,

excess ive maintenance time, and misuse of scarce maintenance manhours .

ORGANIZATIONAL COMPARISON

LEV EL AIR FORCE NAVY

1 A IR STA FF - Review CNO - Review
budgets and policy, budgets and policy.

2 AFLC — Develop policy , CNM - Review
compute spare engine budgets and policy.
requirements, and
rev iew maintenance
budgets. Chair ELPB
and AEL.

3. ALC — Develop require- NAVAIR NAVSUP
ments and accomplis h Develop pol icy, Determine require-
repair of engines and compute spare ments, procure,
engine spare parts. engine require- stock, store, and
Determine requirements, ments , and issue spare parts.
procure, stoc, store, schedule whole Determine require-
and issue engine spare engine repair. ments and schedule
parts (Inventory repair of engine
Control Point/ICP spare parts.
functions)

FIGURE 11
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Requ irements Methodol ogy

The Navy implemented DOD! 4230.4 through OPNAVINST 4442.3 and uses

the standard DOD method for computation of spare engine procurement

requirements for non-modularly designed engines. Review of the in-

struction and interviews with NAVAIR personnel revealed the following

differences between the A ir Force and Navy computations:

a. War Reserve Engines - OPNAV INST 4442.3 states
“ordinarily the difference between the wartime and
peacetime requ irements (war reserve) wi ll be deferred
until the final production year for the applicable
aircraft.” The A ir Force computes each fiscal year
incremental quantity on the greater of the peace or
war flying hour program. (6:123) Therefore, they
request war reserve engine funding beginning in the
second or third year of the aircraft buy and continuing
until the last year of the aircraft buy. This is a
major difference in ability to provide for early
wartime tasking of new weapon systems.

b. Dock Stock Requirement - The Navy has been computi ng
this offset requirement quantity when applicable
and the Air Force has not been computing this seg-
ment of the requirement. Both services have been

• successful in getting OSD budget reviewers approval
of their course of action.

c.  Outfitt ing Requirement - This special requ irement is
peculiar to Navy carrier operations. It provides
for an additional 30-day stock of spare engines to
be on board a carrier before it sails. This require-
ment has been successfully defended to the OSD budget
reviewer and is based on the unique operational and• logistics environment pertaining to aircraft carriers.

Spare Engine and Itodule Requirements

The Navy recently developed NAVMET to compute spare engi ne and

module requ irements for modul arly designed engines. It was develo ped
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by the same individual who developed the Air Force’s MOD-METRIC.

NAVMET is another extension of RAND ’s METRIC model and determines the

optimal quantity and distribution of spare aircraft engines and modules

in a four-echelon inventory system.

Again a discussion of the mathematical basis for NAVIIET is beyond

the scope of both the researcher and this paper but it is covered in

Dr. Muckstadt’s paper “NAVMET - A Four-Echelon Model for Determining

the Optimal Quantity and Distribution of Navy Spare Aircraft Engines.”

The model i s now operationa l but has not yet been used to compute spare

engine/module requirements for a Navy engine. NAVAIR forecasts that

they will use this computation technique for FY 79 procurement require-

ments for engines/modules to support the F-18.

In summary a large degree of similarity exists between the Air

Force and the Navy in implementation of DODI 4230.4 and in development

of an alternati ve method for computi ng requ irements for modular engi nes.

The d ifferences are , for the most part , due to the different operational

and ma intenance env ironments in the A ir Force and the Navy.
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• SECTION IV *

CONCLUSIONS

This study effort began with three goals , therefore, I will present

my conclusions based on these objectives:

a. Review Air Force and Navy policy, procedures , and
requirements methodology for conformance to established
DOD policy and procedures - both of the services have
implemented DOD! 4230.4. Their imp lementation differs

• only slightly and appears to be the result of unique
service requirements and differences in management
philosophies . I detected a continuing effort within
the Navy to attempt to bring more centralization into
their management . They appear to be trying to get• closer to the Ai r Force System.

To summarize I feel that both services have mplemented DOD! 4230.4

properly with only slight differences due to unique requirements.

b. Enhance the researcher ’s knowl edge of the Navy ’s
pol icy , procedures , and methodology for possible
appl ication , where appropri ate, to Air Force pro-
puls ion system acquisition and management strategies.
After a review of the similar iti es and differences
in engine mana gement I foun d two areas for further
study . The fi rst - the Navy SCALER system - is a
revision to the existing Air Force actuarial system.
It contains some changes to the structuring of
historic data for making actuarial forecasts. I
have provided these data to the personnel respon—
sible for the A i r Force actuar ial system for
evaluation. NAVMET is the second area for further
study. No direct application is readily apparent
because of the Air Force two-echelon maintenance
system but some future application could be im—
possible.
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c. Determine if there is a perceived need within
the Air Force and Navy to recommend to OSD that the
DOD Sub-Task Group on Spare Engine Requirements be• re—convened to review and update DODI 4230.4. It
is readily apparent from the Air Force development
of NAVMET for modular engine requirements that an
update of DOD! 4230.4 is necessary. Therefore, I
plan to develop an Air Force recommendation on
this matter upon my return to A ir Force Logi stics
Command. This project appears to be one that
should be subm itted to the Joint Logistics Commanders• for development of a tn -service position .

In summary , the management and control of the $lO.1B inventory of

installed and spare engines in the Air Force and the Navy are based on

similar systems. The differences are few and appear to be tne resul t

of d i fferences in the operational and maintenance environments within

the two services .
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