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I. INTRODUCTICN ;

A. BACKGROUND

This volume is part of a study on R&D related to fthe cost-
effectiveness of flight simulators for military training. It
is concerned particuleely with a review of the methods and data |
reeaed to estimate the costs of flight training in simulators !

2nd in aircraft.

The cost-estimating methodology 1s set in the context of
2 weapon systen model; that 1s, 1t addresses training for one
type of alrcraft. Hewever, it can be expanded to incorporate
a number of «ircraft tyres simultaneously within the same basic
estimating svructure. Pracedures for estimating ccests of flying
an:¢t simulation are developed to permit a trade-ofl between the
two. Agaln, th2 mod:l car. be expanded, within its basic
structure, to permit assessmer.ts of trade-offs among other
training modes and devices, e.g., classrocm fraining, part-

Lvask trainers and the llke.

The remalrdz:r of this chapter presents a short discussion
of cost/effectiveness analysis as a tool for assisting in com-
parisons among alfecrnatives, This 1s fcllowed by six chapters.
The first discucses the nature, extent and costs of flying for
training nurposes and derives definitions of flight training
and fiight training costs that are used through the remainder '
of : pap.r. The next three chapters are devoted tc discus-
sio=s of the nature ard role of simulators in tralning programs
and éiscussions oy simuletor program and cost information

Geveliped throughout the services and available to service
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headquarters and DoD components. The final two chapters present
the cost-estimating method (model) and assess the data required
for its implemenstation in tesms of availability and sources.

In no sense can this analysis of the costs of flight train-
ing be considered complete or exhaustive. It is an initi=al
attempt to analyze an extensive and irtricate problem. Further
work by the DoD and the services would be required before it
could be impiemented.

Basic considerations surrounding the role of flight simu-
lators (and extendable to considerations of other training
equipments and rezsources) have bYeen developed from traditional
economic analysis. A model has been formulated that emphasizes
analyses of cost trade-offs between flight and simulation cf
flight. Fcrmulation of the model has served to identify the
general types of data that would be required for its implemen-
tation; availzbility of these types of data has been investi-
gated for zach of the three services. The model is neither
sufficlently detalled nor complete to serve as an analytical
tcol, and 1t was not intended for that purpose. Rather, 1t
provides a Tirst approximation, or strawman, for gulding further
development of analytical methods and cu' "-collectlion systems
along tbhe road to internal service capabillities for assessing
the cost impacts of proposed training program changes.

B. COST/EFFECTIVENESS ANALYSIS

Systems anualysis is a generally accepted technique for
assisting decision makers by examining and comparing alterna-
tives (2.e., policies or objectives), ways of achieving them,
and thelr implications in terms of costs and benefits for
effectiveness. Cost/effectiveness analysis is a form cf sys-
tems analysis in which alternative ways of achieving a given
objective(s) are examined in terms of their costs and in terms
of how effective each is in satisfying the objective.

2




This analytical techn!~ue was introduced into DoD in 1961
by Messrs. McNamara, Hitch, and Enthoven. The technique is well-
documented in the literature and will not Le elaborated on
further here, except for a brief review of the key concept of

economic efficlency.!

The basis of cost/effectiveness analysis iies in the well-
defined concept of economic efficlency (or efficient allcecation
of resourc2ss). The criterion of efficiency may be stated in
terms of satisfying either of two equivalent conditions, (1) to
minimize economic cost for a given (objective) level of produc-
tion or performance effectiveness, and (2) to maximize perform-
ance effectiveness or produce for a given level of economic
cost.? Obviously, if neither the level of cost nor level of
product (the scale of operations) is fixed, there wilil be numerous
comblnations of the two satisfying these conditions with no
unambiguous way to determine which one is "best".

To provide definitive comparisons between alternatives,
analyses invariably assume that either cost or effectiveness
is fixed, thereby setting the scale of operation. Two assump-
tions have been made in this study. The first 1s that all
costs are measurable in dollars. The second 1s that training
effectiveness can be assessed and that equally effective training
programs can be designed. These permit the study to concentrate

on conventlonal cost analiysis procedures.,

lFor example, see:
1. Hitch, Charles J. and McKean, Roland N., The Economics of Defense
in the Nuclear Age, Harvard University Press, Cambridge, 1960.

2. Quade, E.S. and Boucher, W.I., Editors, Systems Analysis and Policy
Planning, Applications in Defense, American Elsevier Publishing
Company, Inc. New York, 190%.
3. Goldman, Thomas A., Editor, Cost-Effectiveress Analysis, New
Approaches in Decision-Making, Washington Operations Research
Council, Frederick A. Praeger, Publishers, New York, 1967.
b, Fishur, Gene H., Cost Considerations in Systems Analysis, American
Elsevier Publlishing Company, Inc., New York, 1974.
27 further discussion of conditions for efficient allocation of resources may
be found in Appendix A. 3




II. NATURE AND EXTENT OF FLIGHT TRAINING

A. THE NATURE OF FLYING FOR TRAINING

During periods of peacetime, the principal function of mili-
tary forces including the air arms of the three services) 1s to
maintain a continuous capability of engaging in ccmbat. From
this reasoning, one can derive a definition for and measure the
extent of peacetime military flying for training. Some level of
flight activity can be associated with the administration and
support of the military establishment in general (including the
development and malntenance of combat capability of nonfliying
forces). Examples include industrial fund flying, weapons de-
veloprnent and test, airborne alert, and command support. This
peacetime operational flying appears to account for something
less than 20 percent of the total hours and closer to 10 percent
of variable fiying cost,.

The remainder of peacetime flying can be supported only on
the basis of training of personnel (both ground and flight crew)
assigned to aviation unlits. Within this statement lies the
rationale adopted in this paper for defining flight tralning
and for measuring both its extent 'and cost. Assume two condi-
tions, (1) that all flight crew personnel come to the services
€i.e., off the street) fully trained for all combat missions
and, (2) that retention of these skills is perfect. The
difference in [{lying levels that would be observed in this

hypothetical world and what 1is actually observed is ideally
defined as flight crew training. The difference in military
‘budgets that would be observed in this hypothetical world and
what 1s actually observed is ideally defined as the cost of




flight crew training. These ideal definitions provide rules

for associating observed [lylng with training or with opera-
tions and for associating incurred costs with the training

function,

In fact, the overvhelming majority of personnel come to
“he service with no flying skill, and, onc2 learned, these
skills must be continuously reinforced tc be retained. 1In
addition, no person is ever trained for all combat missions,
and stands to receive additional trailning with each duty sta-
tion reassignment. Figure 1 displays a possible (simplified)
set of auty assignments for one individual during his service
career. According to this definition ¢f training, he spends the
majority of his time 1in one of three distinct kinds of training
administered by three distinct organizations. His initial train-
ing is conducted by organizations whose only nission is to im-
part general flight (incliuding non-pilot) training tc wholly
unskilled personnel, employing aircraft that have no other mis-
sion. "Undergraduate" training 1s unique in the sense that an
Individual passes through it cnly once in his caresr, so long
as he remains in the same flying specialty (pilot, navigator,
etc.). Each time he is assigned to flight duty in a different
type of aircraft (or loses "currency" by not having flown that
aircraft for some period of time) he must enter training to
qualify (or requalify) for that type of aircraft. The "transi-
tion" or "type" training is provided by organizations whose
primary peacetime assignment 1s training but whose personnel
and equipments are qualified for and assigned to combat mobili-
zation billets. That 1s, they are a part of cthe combat-ready
forces. (These two organizations comprise the formal flight
training system, and generally conduct their operations at
bases whose primary assignments are flight training.) The
maintenance of combat proficiency is the function of "continua-
tion training"--rlying and other training activities by personnel
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who (once gqualified) are assigned to organizations with primary
mission of "combat in the event of conflict". Where such organi-
zations have no operational mission during peacetimec the total
flying time logged must be considered as training. On the basis
of the aircraft to which this individual 1s assigned the total

of his flight status time and the tctal of his flying nours must
be considered Training.

B. EXTENT AND COST OF FLYING FOR TRAINING

The followirg examples have been developed from Alr Force
and Navy data t»> provide the reader with a perspective of the
proportion of total flying time and cost that is incurred for
training. In both cases, the figures pertaln only to the active
elements of the service and only for fixed-wing aircraft. The
Navy data were prepared under the ground rule that hellicopter
training would be provided by the Army, but there is uncertainty
about whether the Air Force data were prepared under a similar
as 'umption.

1. Air Force

Relative amounts of the aircraft ilnventory, flying time, and
variable costs of flving that can be associated with Air Force
training are shown in Table 1. The inventories and flying hours
are derived from the projection for fiscal year 1981 in USAF
Program, Aerospace Vehicles and Flying Hours by M/D/S, Vol. 1
(PA 78-POM), dated 7 May 1976, Secret. Aircraft held in small
numbers ware not included in the tally. The omitted flying

hours and costs amount to less than one percent of the fixed-
wing totals.

Trc estimates of variable flying cost are in terms of 1977
dollars and are based on informaticn contained in USAF Cost and
Planning Factors (AFR 173-10). For all aiccraft they include
costs of POL consumption, base maintenance materials, that

7




Table 1.

USAF:
VARIABLE FLYING COS

r
L ]

RELATIVE FLYING HOURS AMD
BY FUNCTION

Percent of Tctal

Cost/
Flying Hour, Flying
Dollars Inventory | Hcurs Cost
Undergraduate training 398 17 24 9
Transition training 1165 14 10 11
Mission-Not Industrial
Funded 1424 53 40 54
Mission-Industrial
Funded 1202 9 18 21
Support 513 7 8 4
TOTAL 100 100 100

Totals may not add due to rounding.

Source:

M/D/S, PA FY-78-POM, 7 May 1976 (Secret).

USAF Cost and Planning Factors (AFR 173-10) (Cunfidential).

USAF Program, Azrospace Vehicles and Flying Hours, Vol. 1, by




vortion of depot maintenance considered to very with flying
hours, ani replenishment spares. In addition, base maintenance
laber has heen included for aircraft employed in undergraduate
flight training.

The significant feature is that approximately 80 percent
of all f.ying time and 85 percent of variatle "lying costs can
be associated with flight crew training based c¢n the definition
adopted in this paper. (One-half of industrial fund flying and
all the support category has been assumed necessary for support
and administration of the peacetime force; the remainder is con-
sider~d to be for the ruarpose of training.) The relative cost
of undergraduate flying is surprisingly low compared with the
attention it has received in discussicns of training costs and
simulator usage. From this data, per-flylng-hou» costs of
combat alrcraft are over three times higher than those of
trainers. This raises two questions about current training
programs and simulator proposals: the first is the relative
cost/effectiveness of investirg in simulation for undergraduate
training vis-a-vis transition and continuation training. The
second concerns the relative cost/effectiveness of utilizing
small aircraft (like current trainer designaticns) in continuva-
tion trzining programs.

2.  Navy

Comparable Navy infermation (Table 2) was extracted from
the Alrcraft Program Data File (APDF) as it e=xisted during
January 1977. This material contains estimates of flying costs
as well as inventory and flying hour data, but the structure or
composition of the costs i1s unknown, except for the fact that
they have been adjusted to hypothesizad 1978 cost levels. These
estimates are significantly higher than lNavy per-flying-hour
costs shown in other documentation (notably the OP-2Q0 and Flying
Hour Cost Reports).

-
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Table 2. U.S. NAVY, RELATIVE FLYING HOURS
AND VARIABLE FLYING COST, BY FUNCTION

Percent of Total

Cost/

Flying Hour, Flying

Dollars Inventory | Hours Cost
Underqgraduate Training 222 18 22 9
Transition Training 704 13 13 15
Mission 730 57 53 67
Support 420 12 13 | 9
TOTAL 1C0 100 100

oy em
by

Totals may not add due to rounding.

Source: Aircraft Program Date File (APDF) January 1677 (Secrec).
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If 1t 1s assumed that only flyingz in the support category

is necessary to operation and administration of the peacetime
force, 85 percent of all flying time and 90 percent of variable
flying costs can be considered as incurred because of training

requirements.

Inventory and flying hour detail (by aircraft type) is
shown in Appendix D. Since these data are classified, Appendix
D has been published under separate cover.

C. FLIGHT TRAINING COSTS

Ignoring, for the time being, simulators as an item of
special interest in this study, Table 2 displays the types
of activities and costs involved in flight training.! This set
of cost elements emphaslzes conventional thinking about flight
training--the high rost and speclal nature ol flying is pointed
up by its separate treatment, while all other direct requirements
are grovped under one heading.

The discussion of the nature of flight training (above)
identified three different levels of flight training as a
function of prior aviator skill and mission readiness. This
stratification has implications for which of the costs incurred
by training organizations are logically chargeable to the
training function. Undergraduate flight training is conducted
by organizations whose aircraft inventories and personnel have
no other mission. That is, the assets assocliated with under-
graduate training do not have prior or additional assignments
to peacetime support of the forces or to combat missions in the
event of hostilities. As such, all costs lncurred on their

)This table is put forvh as a generzl hypcthesis rather than as an immutable,
complete, or precise set of rules for estinating cost. Organizational and
accounting differences between the services and, possibly, between different
units of the same service imply a degree of adaptability in defining cost
elements and in associating costs with training activities.

11
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Tabie 3. REPRESENTATIVE COST ELEMENTS

Notes
Academic Training ;
Operctions ‘
Pay & Allowances
Instructors 1 |
Instructional Support Personnel 2 I
Training Cevice Maintenance —.2
Training Materials 2
Investment
Training Device Procurement 2
Flying Training !
Opetations ‘
Instructor Pay & Allowances 1 “
Munitions Expended ‘\
Variable Aircraft Flying Cests i
Base Maintenance Labor 1‘
Base Maintenance Materials 3 i
Depot Maintenance & Modification “
Investment !
é Aircraft Attrition & Procurement 4 L
Student Puy & Allowances
Training Support
Operations
Pay 8 Allowances
Unit Command/Admin. / Operations 5
Base Oper./Medica! Support Pers. 6 ‘

Facilities Maintenance Material
Investment
Training Program Development

Notes:

1. Where instructor personnel engage in more than one type of troining ( academic
and flight ) a basis for allocation, e.g., time spent between them, is
required.

2. Al instructional support personnel and training devices (other than aircraft)
are aswumed to be associated only with school~house higining.

3. Consists of aircraft replenishment spares, other aircraft maintenance maierial:,
and POL. Costs of these requirements are considered wholly a function of
flying hours.

4. Apolicadle only to new (yet to be procured) aircraft. Either, but not both,
procurement or attrition would be applicable.

5. To the extent that a portion of unit command/operations personnel is identifi-
able with training.

6. BOS support required for incremental personnel associated with the training
function (including students).

PP
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behali, including tralning base support and administration, are

correctly a cost of training.! Looked at in another light, in
that hypothetical world in which all personnel come to the
services fully trained, the undergraduate flight training crgani-
zations themselves (including all personnel and equipment as-
signed), would be superfluous.

Since transition training uvrganizations have prior combat
mobilization assignments, they would exist in the absence cf a
training mission with close to their present complement of pevr-
sornel and equipment. That is, gqualified pllots (the instruc-
tors). aircraft maintenance parsonnel, unit command and opera-
tions personnel, and their assoclated support personnel would
be rcequired due to the moblllizatlon assignment, and cost of
these personnel are incurred to maintain the combat capability
of the organization rather than training. Costs associated with
training are limited to the {variable) costs of flying time;
student pay and allowances; the costs of equipments, materials,
and personnel associated with training devices and support of
the instructional program (and their associated base support
personnel). When one compares transition and comhat unit
training there is little difference with regard to costs. The
only discernable difference is that in combat organizaticns
there are no students, per se, and no evidence of a group of
persons dedicated to the direct support of training other than
those asscciated with the operation and maintenance of equip-
ments held solely £oi training.

>4

In adu. sion tn the types of costs chargeable to the train-
ing function the natures of undergraduate, transitional, and
continuation training differ in a way that affects the way in
which costs are estimated. This aifference is essentially in

IFlight training bases may provide services to tenant organizations with
zither peacetlme support or combat mission assigrments. In either case
the direct ccsts of these units and some share of base operating overhead
cemot be considered a cost of undergraduate training.

13




who 1is trained and the purpose of the tralning and is most

easily seen in comparison of undergraduate and continuation
traiing.

Undergraduate 1s strictly individual training in basic
flight skills apylicable across a range of aircrsft types. The
training -for the different skills (pilot, navigator. etc.)

typically occur at training bases specializing in only one skill

(crew s5eat). Each student progresses through the same syllabus

witiut restricting his options in terms of alrcraft to which

he may later be assigned.! The cost cf training for a particular

crew seat is e~+imateu without reference to the trazining pro-
grams or training rates for cther crew seats or to the crew
requirements cf different combat aircraft.

Continuation training, on the cther hand, is for the pur-

vose of training 2 crew .as a team) in the skills necessary to
execute cembat missicns in

a particular airecraft model. The
training base {normally an cperational base housing

ng a wing c.
sgquadron) is rredominantly associated with one aircraft model

anua, for other than single~-plzce zircraft, a coliectvion of

crew-seat skills. Flying for training involves a total crew;

nor.~flying training may be par-icularized by 2rew -~e=at.
result is that the univ for which

The
tralning costs are estimaied
must be the complete crew, but the estima'ing process reguires
separate estimates for those training regimes comnwon Lo “he

crew and those unlque (o each crew seat.

training contains a mixture ¢f elements from
undergraduat: and continuavion.

It has a principal purpose of
training

dviduals to mission readiness i a particular medel

aircraf For multi-seat asircraft, the different crew s<oats will

INavy pilot training does intriduce an element of specialization in :nder-
graduate training. After an initial peried in which all students follow
the same curriculum they will speclalivz in one of three major alrervaft

ines—jet, propeller, or nzliccpter. This essentlally introdutes a vw-
step training process, each siep of which may have to be estimatsd sep-
erately to develop a :=otal training cost estimate,
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be trained at the samc locatlons using syllabi that prescribe
activitie~ commen acsoss c¢rew positions and activities that are
unique t-. 72 positlon. As a typical example, training for a
two-place alrcraft willl require some pllot tralning sorties in
which tne rear seat vill he oc ipied by an Instructor and some
sorties in which it will be occupied by a student (say a radar-

navigeror). The joint srllabus might specify the following

sorties:

Student Student
Pilot Ragar-Navigator
With Instructor 80 50
With Student 30 30

This complicates the process of estimating costs as the esti-
mates must be based on one of two assumptions.

1. The basic unit trained is the complete crew
(pilot and rzdar-navigator).

2. The basic unit trained 1s the individual (pilot

or radar-navigator), and the costs of joint

activitlies are to be pro-rated to each.
Neither assumption is really satisfactory. So long as the num-~
bers of each crew seat to be trained (per unit of time) are
equal either assumption will work as weli. However, there is
no justification for assuming they will aliways be egqual, and
unequal numbers will involve some additional cost--elther in
terms of additional flying, and hence training expense, or in
terms of delays in the training for one crew seat with a re-
sulting mismatch in the number of mission-qualified pllots and
radar-navigators. The cost associated with a mismatch in
qualified crew members cannot be measured in dollars. The
allocation of the cost of the additional fiying would either
be quite complex or arbitrary.

The cost-element liéting displayed in Table 3, and
supplemented to account for the differences between the varilous

15
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levels of training is shown in Table 4. Those costs that

are not appllicable to a gliven level of training have been
shaded. The Jdifferent training levels are physically separated
in the table to emphasize that ec~h 1lev:l represents a distinct
and, to some extent, different cos*.-estimating process.!

Not¢ that no provision is made for costs of "full crew"
training activities at the transition ievel. As discussed
above, this is consistent with an assumption that costs of
flight involving students with different crew specialities will
be pro-rated to each It is no more than =an arbitrary choice
for purposes of displaying Table 4. Whether associating
costs with {ull crew training is appropriate or not will depend
upon the nature of the training program assumed (or given).

In truth, continuation and transition training requirements cannot be
Zivorced as completely as would seem to be indicated when interest is
centered ¢ the costs of training devices and similators or on the cost
trade~ofts between simulation and flight. So long as the same simulator
models are employed at both levels, the net trade-offs can be determined
only by considering the loint impact of their use at bnth levels.

16
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Table 4. REPRESENTATIVE COST ELEMENTS BY LEVEL OF TRAINING

Academic Training
Operations
Pay & Allowance:
Instructors
instructional Support Personnel
Training Device Maintenance
Training Moterials
Investment
Training Device Procuiement

Flying Training
Operations
Instructor Pay & Allowances
Munitions Expended
Variable Aircroft Flying Cests
Base Maintenance labor
Base Maintenance Moterials
Depot Maintenance & Mod.
investment
Aircraft Attrition & Procuremen®

Student Pay & Allowances
Training Support

Operations
Pay & Allowances

Unit Commond /Admin./Qpeiations
Base Oper. /Medical Support Pers.

Facilities Maintenance Material
investment
Training Program Development

‘Inc!udes POL, replenishment spares, cther base materials.

71774 15

Transition Centinuation
Undergraduate By Seat By Seot Full
2] ... 2] Crew
!
R ]
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I1I. THE ROLE OF SIMULATORS IN FLIGHT TRAINING

At present, DoD hasgs a large number of optlons open in
developing a comprehensive policy for iIncorporating simulators
intn flight training programs for both existing and new models
of aircraft. On a per-nhour basls, costs of flying are several
times the costs of simulators, and current inventory holdings
seem to barely scratch the surface of thelr potential use. The
procurement and use of simulators in flight training progroms

raises four baslc¢c questions:

1. What Kind of simulators are to be procured and employ-
ed and in what mix? The range of "what kind" encompasses both
the menu of flight functions to be learned through simulation
and the physical and performance characteristics of simulator
hardware. Should individual simulators be designea for li.mited
functions (part task and procedures trairers; target tracking,
refueling, etc.) or for a broad range of functions (generally
assoclated with weapon system or mission simulators)? What
features are to be incorporated into the hardware and by using
what technologies? For example, to what extent should simu-
lators employ visual systems; where should visual systems use
computer generated lmagery, camera model boards, etc.; in
terms of the learning tasks addressed and subsystems employed,
where zhould simulatcr hardware be simple and cheap and where
should it be sophisticated and expensive?

2. How much simulation is to be 1incorporated into train-
ing programs and on what time schedule? 'This question addresses
the magnitude of expenditures for simulator hardware and opera-~
tiong over time. How many simulators of each kind should be

18




procurcd? How much should each be utilized in training programs
-~-in terms of operating hours or the proportion of requisite
flying skills to be learned through simulation? What should be
the timing of budget allocations for simulator procurement and

operations?

3. Who gets simulator training or where are simulators
to be used? Given a simulator budget, the resources made avail-
able must be distributed between the different levels of train-
ing (undergraduate to combat unit) and among the different types
and models of aircraft (and crew position for multi-seat models).
In addition to "how much" the distribution problem must alsc ad-
dress "when". 1In what order or sequence is simulation training
tc be made available across the different tralning levels and
aircraft models? There 1s a further question, of smaller scope,
assocliated with allocation. Civen the allocation among aircraft
models, how are resources to be distributed as to geographic
location and command (for sidely held aircraft)?

4, What portion cf simulator resources are to be al-
located to simulator development? How much should be spent for
what new simulator capabllities and when should it be spent?

All aspects of these questions apply to program formula-
tion at higher echelons (DoD and Service headquarters) and a
limited set of them at an individual aircraft type or weapon
system level. The different levels cannot be separated in any
real sense however, since policies formulated at the DoD and
service~wide levels will limit the solutions that can be devel-
cped at lower echelons. In any case, these four questlons ex-
haust the relevant considerations of simulator use and will be
answered 1n some fashion, regardless of what policies are
finally adopted. At the extreme, & policy of not employing any
simulation is tantamount to the answer "none" to all of the
above questiuvns. Whether such questions are explicitly addressed
or not, any orther policy implicitly devotes a portion of available

19
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(training) resources to simulaction in a particular pattern that

describkes who, what, how many, and when.

A. COST ELEMENTS FOR PROCURING AND OPERATING SIMULATORS

Particular interest irn the costs of simulators is quite
recent,_and as A recult little in the way of an historical cost
base has been developed. Further, the technological character-
istics of simulators have changed to the point where the validity
of historical data developed a< little as 10 years ago 1s open
to serious question. The section presents a short discussion
of a cost structure based on loglcal considerations of the
physical configuration of simuletors and organizational arrange-
ments of the services rather than on analysis of historical

records.

1. Procurement Costs

Simulators consist of delinite subsystems, often associated
with a single dominant technology, and a listing of these major
components provides definitive guidénce for estimating procure-
ment costs. A telling argument for this point 1s that simula-
tors are often contracted (or subcontractz4) along such a sub-
system line. In addition, a frequent practice 1s to procure
initially a simulator with limited features and later to add
additional elements that correspond to the subsystem structure

(e.g., visual or motion systems).

It should be noted, however, thet a L.ngle subsystem struc-
ture will not be unilversally applicable for a number of reasons.
Fer one, a complete simulator may not contain all possible sub-
systems. Procedures and part-task trainers frequently include
neither visual nor metion capabilitles, whlle weapon system and
operational flight trainers may he anticipated to contain one
or both. A second reason 1s that the applicable structure can
be expected to vary with the level of technology incorporated

TIPS N ERCRT SO PO A

20

ALr WP Wi s L s AR DS opnAmtonnits




Ly

into the device. With a camera model visual system, computation
hardware will likely be a distinct subs,stem controlling ccckplt
instruments, cockpit motion, and TV gantry movement as an inte-
grated cperation. On the other hand, the computational require-
ments associated with computer-generated imagery (CGI) may be
sufficiently great that 1t would be best implemented by a
devoted computer with scftware linkage to a second computer con-
troliing other computational requirements. 1In this case, compu-
tational costs might be best estimated by considering each as 2
separate subsystem or by considering visual display and compu-
tatlion equipment as a single subsystem. A third reason 1is

that an approprlate subsystem structure as well as the estimat-
ing approach may differ, depending upon where in the development/
acqulsition process a simulator i1s. In an early conceptual
phase, where major confilguratlion features and performance charac-
B teristics are yet to be determined, a parametrlc approach is
generally indicated for estimating costs. Here the appropriate
subsystem structure may differ significantliy from that sulted

for engineering estimates typical of later stages of the process
after configuration and performance parameters have been fairly

well set.

The structure shown in Table 5 is presented as one amenable
to parametric estimates at early stages in system development
where major configuration trade-offs are of particular interest.
jote that all computational capability is grouped into two
closely related systems {(hardware and software). Recognlzing
that other subsystems contribute to the net computational
load, whether costs are better estimated by defining one cr a
number of computational subsystems would appear to depend upon
aliernative confignrétion proposals to be investigated. The
principal advantage of the grouping lies in the simpler descrip-
tions of other subsystems that .t affords. The subsystem
structure shown in Table 5 has been suggested by the Air Force
Simulator Systems ProjJect Office. Considering the nature of
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Tabie 5. SUBSYSTEM STRUCTURE SUGGESTED FOR
PARAMETRIC ESTIMATES
Subsystem Comments

Cockpit {(or Cab)

Possibly a nose section of the
aircraft itself complete ex-
cept for instruments and
controls.

Flight Instruments

Not included in cockpit system
since the instruments and con-
trols may be specifically
tailored for simulatien (e.g.,
digital driven where flight

. - . f
vehicle instruments are anasog)w

Mission instruments/Displays

Defined separately to permit
jdentification of high-cost
mission-peculiar items that
represent a significant in-
crease in cost over "typical"
instrument requirements, e.g.,
radar land mass simulator.

Computational Hardware

Computational Scftwara

May be better handled as a
number of distinct or second
level subsystems. Candidates
for separate definitions
would be special or unusual
computational capabilities,
e.g., extended record/playback.

Yisual Sensors/Displiays

Moticn Platform/

Other Motion Cueing Devices

P v & i e e e = = e

G-Suits, G-Seats, etc.

Control System

Instructor and operation (on-
trols, panels, etc.

Installation and Facilities
Construction/Modificaticn

Probably cannot be estimated by
gereralized relationships--
dependent upon availability of
existing structures with
suitable environmental systems,
electric service, weight bear-
ing, flooring, etc.
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Table 6. SUBSYSTEM STRUCTURE SUGGESTED BY AIR FORCE
SIMULATOR SYSTEM PROJECT OFFICE

Subsystem

Comments

Cockpit {(or Cab)

Possibly a nose section of

the aircraft itself, including
functional flight and navi-
gation instruments, dynamic
control 1oading, and some wea-
pon funitions. Provides data
prozessing and flight equa-
tions needed to simulate flight
and to control the instruments
and other subsystems that may
be added to the simulator.

Motion Cueing

Platform, G-Suit, G-Seat,
Harness, etc.

Visual TV map-board, film, GCI,
domes, etc.
Sensors Air-to-Air radar, landmass

radar, etc.

Instructicnal Features

Instructor's console, perform-
ance measurement, malfunction
insertion, automatic demonstra-
tion, etc.

Instalilation and Facilities
Construction/Modification

Same as Tahle 5,
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this office, it would appear to be applicable at later stages 1in
system development as system configuration alternatives are

narrowed and englneering estimates become relevant 1in working
toward RFP formulation and contract selection.

2. Operating Costs

Simulator cverating costs are comprised of two identifiable
elements. The f{irct. variable operating cost (utilities, main-
tenance materials, etc.), by definition, varles directly and
linearly with the number of operating hours. The second is
that element of coperating costs that 1s {lxed per unlt of time
(year, etc.) such as would be associated with maintenance and
operations crews. (Crew cost is incurred bszcause a simulator
is operated but is conceptually independent of how many hours
it 1s operated). 1In assessing simulator costs, particularly
vhen the assessment involves comparisons between simulators,
between simulaticn and fiying, or hetween alternative training
programs, Interest will center on the cost per unit of use
(e.g., operating hours), and fixed operating cost per hour is
an inverse iruncticn of hours operatel per time period (week,
month, etc.).!

These two types of operating costs combine 1Into a simple
relation for estimating tntal simulator operating costs associ-
ated with a training program. For each simulator model em-
ployed the total is the sum ¢of total hours utilized times vari-
able (hourly) operating c¢ost and total inventory time fixed
operating cost. Although the relation is conceptually simple
determination {(or estimation) of both variable and fixed cperat-
ing costs appears to be beyond the current data bases of the

1pdaptability and the impact of scale of operations blur the conceptual
neatness. Increasing the nunber of similators operated at a glven loca-
tion may imply a less than proportionate increase in the number of opera-
tions crews required; maintenance crew size may be partially adjustable
to actual hours logged, and the extent of adjustment can be expected to
increase with the passage of time, ete.
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services. The requlrements for and availability of simulator
cost Information are discussed in the chapters that follow.

On the basis of the dlscussion in this section, Table 4
may be modifled to incorporate explicit considerations of simu-

lator costs. The expanded set of cost elements is shown in
Table 7.
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Table 7. REPRESENTATIVE COST ELEMENTS OF FLIGHT AND SIMULATOR
TRAINING--BY LEVEL OF TRAINING

Transition Continuation
Undergraduate By Seat

- By Seat Full
12 .. . [fvf2] .. ] Crew

Academic Training
Operations
Pay & Allowance-
Instructors
Instructional Support Personnel
Training Device Maintenance
Training Materials
Investment : - At L
Training Device Procurement

Flying Training
Operations
instructor Pay & Allowonces :
Munitions Expendad —
Variable Aircraft Flying Costs i o R 1
Base Maintenance Labor '
Buse Mairtenar ;e Materials

Depot Maintenanze & Mod. Lo .
Investment B ’ .
Aircraft Attrition & Procurement

Simulation Training
Operations

instructor Pay & Allowaonces

Student TAD/TDY

Simulation Costs
Simulation Operations Labor
Base /%aintenance Labor
Bose Adintenance Materials
Depot Maintenance & Mod.

Investment 2
Simulator Frocsrermert

Student Pay & Allowances

Training Support
Qperations
Pay & Allowances
Unit Command /Admin. /Operctions
Base Oper./Medical Support Pers.
Fazilities Mointenance Material e
Investment bt

¥ | S —_
Training Program Development

‘Includes POL, replenishment spares, other base materiols.
2!nc§udes directed development.

7-4-75. 10
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IV. RECURRING SIMULATOR PRCGRAM ANL . :-T INFORMATION

This and the following chapter conta.n (respectively) dis-
cussions of simulator information reporting and study require-
ments levied by the Department of Defense and military department
headquarters. These are distinct requirements serving separate
purposes, and the sgources of information and formats in which
each 1s presented may be quite different. 1In each case, however,
the information should provide inputs for assessing cost trade-
offs (between different simulators and between simulation and

flight) and for estimating costs of hypothesized training
E programs.

Reporting system requirements typically specify precisely
the information to be reported, its format, and the frequency of
submissicn (annually at a minimum). A further requirement 1s
that when the information contains projections of future activi-
tles it shall be consistent with approved prograns. The Depart-
ment of Defense has levlied a requirement on each 2f the services
fcr annual documentation of their planned simulator prograis
(including both procurement and utilization schedules). The

nature of this requirement and the response of each service is
discussed beiow. In addition, the Air Force has revised 2nd ex-
randed 1its own periodic reperting reguvirementss, and this is aisc

Lo

discussed.

A. THE DEPARTHMENT OF OEFENSE REQUIREMENT

Thls has become generally known as the 'POM backup material.'
The requirement has been in effect for three budget aycles and
reprcsents the bulk of such information availavle. It 1s set |




out in the Speclal Analyses section of Part 2 of DoD Manual
7110-1-M. The reporting Instructionc are reproduced as Appen-
dix B, and the reporting format is shown in Tables &, 9, and
10. Exhibit ST-1 (Table 8) is a service-wide summary. g£xhibit
3T-2 (Table 9), a summary by w apon system, 1s submitted for
each ailrcraft type employing simuiators ir its training program.
Exhibi: ST-3 (Table 10) provides detailied back-up to the weapon
system summary. Paragraphs 1 througn 5.A are =zubmitted for
each major type of simulator used in each ailrcraft training
program. Paragraph 5.3 (submitted once for each aircraft

type) stratifies a portion of training device detall according
to the level of training supported.

The Instructions for compleilng the forms are contsined in
Appendix B. Note that what is requested is primarily information
rather than historical data. Since this 1s the case, there is
little way to verify what is presented. Note z2lso that the
instructions lend themselves to a variety of interpretations.
There 1s evidence that they have been 1interpreted differesuntly
by the service components and that a significant amount of thz2
information requested has not been supplled as a resul: of the
ambigulty.

B. AIR FORCE

The Air Force is currently implementing (or planning to
implement) severazl actions that should have a significant
impact on fhe quantity and guality of training device data
generated. In addition to extending data collected, reporting
procedures will be more formalized, permitting tracking of data
sources and consistency. Currontly, the POM backup 1s eclectic
and it 1s not evident that data from various sources 1is ccordi-
nated. For several items, alternative sources are avallaktle,
and some level of duplication may perslst when planned reporting
systeme are implemented.
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1. Current POM Backup Data

The material 1ls assemvied and printed by the Director of
Budget, Air "orce Comptroller, from sources described below.
Training device inventory, utilization, and displaced lying hour
projectior.s are provided by the Direc.orate of Operations and
Readines:, DCS for Plans and Operations for all simulators except
those emploved by the Air Training Command (ATC). Similar
inforrmation for ATC tralning is provided by Director of Parsonnel
?rograms, DCS Personnel. These offices have direct cognizance
over the location of simulator inventories and obtain planned
utilization and displaced flying hours from surveys of field
cormmanders. The inventory informatlon 1s published in the
"Special Training Equipment Program" (STEP), and the utilization
and displaced flying hour information 1s published in the PA-CMD-
2 (one volume cf the Alir Force P-series of planning documents).
These documents are mutvalily conslistent, are c¢. sistent with
the FOM, and project over the same horizon as vne POM., Histcrical
utilization data are available in the "World-Wide Trainer Equip-
ment Inventory, Uti.izatlon Status Report"™ (RCS, HAF-DPP(M) 7102).

Projections of yearly 0&S costs (Paragraph 4 of Form ST-3)
are obtained from field surveys conducted by the Director of
Budget, Air Force Comptroller but the cost-ner~hour estimates
contained in Paragraph 5.A.2 of the same form are obtained from
the Directorate of Management Analysis.!

The Munagement Analysls estimates are based on ccllecticn
of historical data and, hence, are provided only for currently de-
ployed devices. It was not possible to verify coordination between
the 0&S projections obtained by fileld survey and the historical
data provided by Management Analysis, nor Letween the 0&S cost and

!Although it is not noted as such, the cost per hour rztes include only base
level costs. The data developed by Management Analysis is discussed below.
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utilization rate projections (provided by the Directorate of
Operations and Keadiness.

Procurement costs ciied in Paragraphs U4 and 5.A.2 (Form
ST-3) were obtained {rom the Directorate of Development and
Acquisition of DCS Research and Development for devices not yet
procured and from DCS Systems and Logistics for those currently
in the 1nventory. Tn the case of existing equivpment, contract
records were used, but how these data were interpreted to
arrive at "initial device acquisition cost"” is not kncwn. They
are not, however, based on contracted studies or estimates
provided by the simulator system project office.

2. New or Developing Data Sources

The Comptroller of the Alr Force and the Air Force Logistiecs
command have initlated & two-part program to collect simulator
operating cost data on a recurring basis. Base-level costs are
being collected through the establishment of cost centers codes
(l=dger accounts) for simulators. Thre bhase-level system has
been initiated and forms the basis for the cost-per-operating
hour developed by the Directorate of Management Analysis.
Development of depot cost reporting has been assigned by AFLC ’
to Warner-Robins Air Logistics Center for computer system costs
and to Ogden ALC for all other costs. To date, the system has
not been implemented.

The Directorate of Management Analysls has received one or
two years of simulator base operating cost and utilization data.
Some general characteristics of the data received are shown in
Table 11. Which simulator models represent one year of data
and which two are now known. The data received consists of
man-years (that does not include instructor time), utilization,
materials, and utilities costs. Man-year data were converted
to personnel zosts through factors contalned in JSAF Planning
Factors (AFR 173-10). Since these data originate at individual
operating bases, separate reports would have been received for each
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Table 11. SIMULATOR BASE-LEVEL DATA REPORTED

Number of Simulator Models Reported 35
Number of Simulators Reported 197
Number of Simulators per Model: Range 1 to 19
Number of Simulators per Model: Average 5.6
Average Weekly Utilization dours, by Model:

Range 22 to 99
Average Cost Per Hour by Model: Range 42 to 245

Data Items Reported: Number of Simulators

Utilized Hours (Year)

Man-Years: Officer
Enlisted
Civilian

Supplies Cost

T0Y Cost

Utilities Cost

Equipment Cost

Derived Personnel Costs: Pay & Allowances: Military
Civitian
Base Operating Suppeort
Medical
PCS
Personnal Acquisition
Training

In ajdition to the numbers above, information was
received on three procedures trainers, 71 7-37 simulators
(Model T-4), and 80 T-38 trainers (Models T-7/T7-26).
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location of each simulator model. Considering the number of
individual simulators reported and the number of individual
reports likely to have been received, the data set should repre-
sent a varlety of equipment characteristics and a variety of
utilization rates. It is rather early to assess tne validity
and sufficiency of data reported, but, on the surface, it
appears to provide a basis for estimating operating costs on

the basis of physical and performance parameters and utiliza-
tion rates.

A seccnd source of new data is the planned rovision of
STEP. Respronsibility for this program rests with Dire«ctorate
of Operations and Readiness, DCS Plans and Cperations. The name
is to be changed to "System Training Equipment Program," and
the format 1is to be expanded and published in two parts. Part
1 will contain estimated acquisition costs a'd a nerrative
description of each simulator model's characteristics.l Part
2 will contain inventory and utilization projections. The
system is to be automated with periodic reports distributed by
cCS Plans and Programs and Resources. Utiljzation rates will -
be coordinated with the PA-CMD-2. Part 2 was released 1n
July 1977.

Later versions of Part 1 may also contain pruojections of
estimated operating costs. Should this come to pass, the esti-
mates will be developed 1n conjunctign with the Comptroller of
the Air Force but not through the Directorate of Management
Enalysis. This has some loglc, since STEP is a projection whlle

: the Management Analysis effort 1is concerned only with historical
data. However, the Management Analysis project should result
in estimating relationships that would provide the basis for

MPhe caly general source of physical characteristics currently aveilable 1s
Stardard Aircraft Flight. Similator Characteristics (Orange Book). The

; material it contains is generally limited to statements of facility —me-

: quirements of different simulator models (floor space, size, weight, power
requirenents, etc.).

P
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new equipment estimates, and some of the same simulator models

will undoubtodly be contained in both the projections and in
the current operations data. How these would be coordinated
cannot b: onswered at present.

C. NAVY

The Navy POM backup material (at least the simulator data
items) are pretty well centrallzed within three omall coffices
of the Aviation Manpower and Training Division of the Deputy
CNO for Air Warfare (NAVOP 59). {Tihe data assocliated with air-
craft and flying hours originates the Aviation Programs Division
of Deputy CHO for Air Warfare, NAVOP 51.)

The Navy has 1incorporated the ST series data displays as
an irtegral part of thelr own training device management
process. In addition, these displays come close to exhausting
the simulator data developed within the Navy. At the same time,
this makes 1t a rather simple process to describe how the POM
is put together and next to impossible to describe how the data
is developed.

The actual production {printing) of the ST forms is auto-
mated. The formatting and printing, along with calculation of
some of the values, was programmed under contract by a local
company. It is bound into what 1s called the Black Book and,
together w'th program and hardware descriptions, forms a basis
for progr.m management and the baseline for developing the

- followling year's submission.

The same office that 1s rcsponsible for preparing the Black
_Book (Aviation Training Device Requirements Branch of the Avia- <
;tion Manpower and Training Division of Deputy CNO for Air V%ar-
;fare, NAVOP 596) is also responsible for Navy Department-level
‘runding of tralning device procurement, for monitoring items
iout on contract, ana for device deployment. As a result, the
§
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inventory projections are developed as a part of normal opera-

tions.

Device Utilization i1s a combination of survey of operating
commands and the application of a utillization standard. Total
utilization is arbitrarily set =t 80 hours per week (except for
procedures trainers where the standard is L) hours) less an
allowance for unscheduled maintenzice. The unscheduled mainte-
nauce allowance varies with type of simulator but never exceeds
700 hours per year.

Fleet readiness squadrons (transition training) are assigned
& first priority for simulator time, and estimates of their re-
guirements are developed from a survey of the training units by
the Tactical Alr and Air ASW Training Branches of the Aviation
Manpower and Training Division (NAVOP 593 and 594). TFrojected
utilization by combat units is taken as the difference betiyeen
the total available (based on the 80-rour-week standard) and
tkat claimed by the replacement a}r groups.

Projections of displaced flying hours are developed in a
fashion somewhat similar to utilization. Fleet readiness squad-
rons are surveyed by NAVOP 593 and 594. Displaced flying hours
are credited to fleet units by the appilcation of stsndard
factors~--although the factors are not hard and fixed. No dis-
placement is allcwed for utilization of part task and procedurss
trainers. Substitation rates for other devices average two
simuiation hours for one fiight hour. However, fcr each simuia-
tor, the actual rate allowed is partially subjcctive and based
on case by case evaluation of individual simulators--configura-
tion and features, fidelity of respcnse, etc. Total displaced
hours nrojected for fleet units are the product of the calculated
substition rates and the utiilzation hours allowed after deduct-
ing the claims of replacement air groups. 2As they are paysically
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located within 25 feet of one another, commuriication between
NAVOF 593/594 anu NAVOP 596 1is informal. Utilization and
dispiaced hours projections are transmitted to NAVOP 596 through
personal contact.

The cost projectlons contained in Paragraph 4 of Form ST-3
are derived from at least{ three sources. The Navy has formulated
its simulator programs so that RDT&E 1s applicable only to tech-
nology development efforts. Procurement cost projectlions are
avallable witnin NAVOP 596 as a product of theilr principal
missions. These 2osts represent amortization of initial procure-~
ment costs (typically over a l0-year period) and unamortized
expenditures for major modificatlons, depot, and contractor
maintenance.

Projections of O&M, military, and civilian personnel, and
construction costs along with manning levels are developed by
‘ the Weapons Training Divisicn of the Assistant Commander for
Logistics/Fleet Support of the Naval Alr Systems Command (AIR
§13) from information supplied bv other commands. Records of
materials ccsts are malintained by the Naval Tralning Equipment
Center (NTEC) and the Service Division of the Chief of Naval )
Education and Training (CNETS) as well as AIR-413 itself.
Personnel man-year projections are made by simulator hol iing

commards on the basis of anticipated usage and manning and work-
1oads standards formulated by the Aviation and Manpower Pro-
grams Branch of the Deputy CNO for Air Wariare--~NAVOP 597.
Maining levels are converted to personnel costs by AIR 413. ;
Costs of military construction are provided by the Naval Facili- i
ties Engineering Command from statements of facilities require-
ments provided by AIR 413. The projected costs are made avail- i
able to NAVOP %96 in ar. informal manner--rather than as the |
result of an identifiable and formal reporting requirement.

: Cost per device hour (Paragraph 5.A.2 of Form ST-3) is a calcu-

lated value based on the C&M and nilitary personinel projections

in Paragrapb 4 and projected utillization rather than data

ho
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developed through operational experience. As a result, 1t is
directly proporticnal to utilizatilon.

Descriptive information (requested in Paragraph 3 of ST-3)
is gathered into a separate volume. It 1is based on material
exrracted from the Directory of Naval Training Devizes published
by vhe Electronlc Supply Office.

. ARMY

The Army simulator program differs significantly from
either those ¢f the Navy or Air Force. The alrcraft inventocry
1s dominated oy rotary wing craft, and roughly 75 percent con-
sists of two mcdels (both small--the UH~1 and QH-58). A1l
newly graduated pilots are assigned field unit duty in one of
these two, and the UH-1 is the basic vehlcle for undergraduate
training.

Understandably, the simulator program has centered on the
UH-1 flight simulator (fthe model 2B24), and it will acccunt
forr close to 20 percent of simulator cockpits planned to be
available in fiscal year 1981. Currently, the total Army inven-
tory consists of approximately one-third of a planned buy of
29 model 2RB24 compizexes (with four cockpits each) and six
simple cockpit procedures trainers {model 2C35).' Two to three
years cperating experience has been gained with the 2B24, but
all other information contained in the POM back-up materials is
wholly estimated.

The Army has cstablished the Office Program Manager for
Training Devices (PM TRADE) wit%: the contract, funding, and
monitoring functions normally associated with project offices.?

'I0T&F. of similator prototypes for the CH-U47 and AH-l prototypes is scheduled
to begin during calendar 1977 ard the Army is planning to modify some
number of model 2B12 general procedures tralners to a generalized helicopter
corfiguration.

?In contrast with Air Force practice, training device funéing 1s separated
from weapon procurement, permitting the program manager independence in
technological ard scheduling decisions.
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Its charter specifies that this office will manage all contracts

on a life-cycle design-to-cost philoscphy, will monitor both
procurement and operating costs, and will provide all life-
cycle cost estimates through completion of program acquisition.
PMTRADE, then, becomes the repository (1if not the original
source) of all data contained in the POM materials, at leas®
through a program's acquisition phase.}! Once fielded in operat-
ing units, data is developed and reported by the owning organi-
zations. Note that at any time during.a system's life-cycle
special studies may be inltlated by any organization with author-
ity for its design, procurement, or use with the resulting data
becoming the property of the initilator. All cost data, regard-
iess of source, are monitored at Department of the Army level

at two points. Procurement cost and delivery information flows
to the Department of the Army System Coordinator (DACS) for
aviation training devices in the Aviation Systems Division of
the DCS for Research, Development and Acqulsitlion. Operating
cost information flcws to the Requirements Division of the
Requirements Dlrectorate, DCS for Operations and Flans.

Simulator inventory deployment, utillization, and flying
hour substitution information emanates from two sources within
the Army Staff, depending upon whether devices are deployed to
formal training establishments or field (combat) units. For
field units, deployment of devices and the establishment of
utilization and substitution rates rests with the Combat
Division of the Requirements Directorate of DCS for Operations
and Plans. Deployment 3s based on "basls of issue plans" (BIOP).
The only firm plan at this date is for the UH-1 flight simulator,
and this was issued in the form of the Army message (really a

1A special conzideration is involved in the UH-1 simuilator operatiiyg costs.
All maintenance on flelded camplexes has been performed under a single
mainte, ance contract that has been renewed on an annual hasis. Contract
provisions and incurred costs are a joint responsibility of the progranm
manager and the Aviation Systems Command.
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series of messages, since it has been updated numerous times).
JYtilization standards are icsued from this office, alsc in the
form of a message, on the basis of an Army Regulation setting
maximum levels of substitution between flight and simulation

and prior field experiments. This regulation (Army Aviation:
General Provisions and Flight Regulations--AR 95-1) is currently
under review and revised substitution levels carn be expected on
the basis of current field testiing.!

All formal Army avlation training 1s conducted at Ft. Rucker;
the 2B24 prototype and firs:t five production articles were de-
ployed there. Device utilization is based on projected training
loads and syllabus requirements, all of which are furnished to
the Training Division of the Directorate of Miiitary Personnel
Management, DCS for Personnel. Substitution cf flying hours is
based on a ratio of one to one estabiished through testing with
the prototype unit at Ft. Rucker. These data elements for both
the field units and Ft. Rucker are consolidated and submitted
in the POM back-up.

1Since this information was first gathered, AR 95-1 has been reissued,
dated 15 January 1977, providing for an annual minimum simulator training
requirement at a considerably higher level than the annual maximum
specified in the previous AR 95-1 version.
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V. COST/EFFECTIVENESS STUDIES SUPPORTING SIMULATOR
PROCUREMENT PROPOSALS

The ultimate requirement for cost/effectiveness analyses
of military systems lies in the guidance contained in Depart-
ment of Defense Instruction {(DODI) 7041.3, Economic Analysis
and Program Evaluation for Resource Management. Its specifica~
tions have been implemented in each of the three services by
the issuance of an instruction that, in effect, does no more
than paraphrase the initial instruction.! Each of the Services,
though, had previously or has since issued instructions that,
in total, spell out procedures for satisfying the DoD require-
ment. The remainder of this chapter discusses the nature of
DODI 7041.3 and the services' responses in the urea of flight
simulators.

A. THE NATURE OF DOD INSTRUCTION

DODI 7041.3 is a statement of overall policy with regard
to analyses and specifically sets a proad scope of applicabliity.
It expressly identifies both new and on-going projects as candi-
dates for analysis. Por new prcjects, analyses are to be made
before program on-set {i.e., before resources are committed.)
Tor on-going programs, analyses are to be performed whenever
certain broad conditions are recognized. (Specifically men-
tioned are changes in program scale, changes in target perform-
ance parameters, changes in study assumptlons, and the appear-
ance of new alternatives.) What comprises a project is not
expressly defined, and an exemplary listing of candidates,

i IFcr example, the DoD Instruction is implemented in the Navy through
SECNAVINSTR 7000.14B. This instruction consists of a two page introduc-
tion with DODI 7041.3 forming an enclosure.
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shown in an enclosure, includes activitles ranging from new
weapon procurements and force structure trad:-offs to changes
in support facility (supply, maintenance depots, etc.) procedures
or organization. Since one alternative to a proposal (whether
it be a new weapon, a change in a training program, or whatever)

is to continue the current system, anything different may be
considered as a candldate for analysis.

This broad range of application may be contrasted with the

almost total absence of specifics regarding tlie nature and con-

duct of studies. Nine elements of a "complete analysis" are

identified and discussed individually.! However, the discus~
sion is prefaced and the qualificaticn that it represents only
general, rather than specific, guidelines and explicitly notes

that it is "not always feasible to conduct...(analyses)...on the
basis outlined herein; therefore it will be necessary to deter-

mine locally..." discrete areas and priorities of analysis and
the analytical approach, level of detail, sophistication, and
amount of resources devoted to studies. Thils general nature is
exacerbated by noting that evaluations are not reguired "when
it can be shown the ... {cost of) ... the analysis wculd not

bz worth ... (its) ... benefits" and that the "method of
documentation ... wiil usually vary from one study to another."

These qualifications have been incorporated into the
restatements of the instruction by the individual services and
have had a telling impact on the kinds of evaluations made in
support of relatively small procurements--like past simulator
buys. Automatic submission of studies to DoD is not a require-
ment. "Review of analyses at the 03D level will be made on a
selective bauvis considering time and staffing constraints

IThe identificotion cf objectives, assumptions, constraints on solutions,
and alternative systems; the estimation and analysis of costs, benefits,
and uncertaintizs; the analysis of sensitivities; and the ranking of
alternatives.
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Project officers and managers should be prepared to demonstrate
the cost-effectiveness ... and to submit detailed analyses in
support of budget estimates, as provided in ... DoD Manual
7110-1-M, Department of Defense Budget Guidance Manual ...
(see Chapter IV, above).

"

B. SERVICE RESPONSE TO DODI 7041.3

For major procurements (as defined in DcD Directive 5000.1),
extensive study efforts can be expected, since they are, in
effect, singled out for intensive review and since DSARC re-
view and SAR reporting requirements must also be satisfied.
However, the costs typically associated with simulator procure-
ments are many times smaller than the dollar throsholds defining
major programs. In like manner, the interest 1n detailed review
should seem in proportion to a program's budgetary impact. 1In
fact, it would appear that evaluations in the sense of DODI
7041.3 to support past simulator procurements have been rare.
(The information reported in response to the Budget Guidance
Manual--the "ST" forms--falls far short of 2 literal interpre-
tation of the provisions or DODI 7041.3, and the requirement
has existed for only three ltudget cycles.) The high interest
and increased budget requests surrounding simulation durling the
past several years 1s bringing a change in this respect. Each
of the services 1s preparing cr implementing plans for more
extensive evaluation and reporting of simulator utilization and
configuration proposals. However, little in the way of con-
erete results is currently evident, and the remainder of this
chapter primarily investigates the current rather than proposed

practices.

1. Air Force
DODI 7041.3 has been implemented in the Alr Force through
Air Force Regulation (AFR) 178-1. FEconomic analyses of eight
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major simulator programs has recently been directed by Head-
quarters, UGAF, and these Wwill be the first studles undertaken
specifically to satisfy AFR 178-1 at that levei.! Considering
the slze of the Alr Force simulator inventory and the magnitude
of the program proposed in its master plan, this can only be
surprising.

The lack of prior studies may be explaired, in part, by
the combined impact of the wording of AFR 178-1, the character
of the simulator program, and the USAF system for processing
system proposals. According to AFR 178-1 the Directorate of
Managiement Analysis of the USAF Comptroller 1is the office of
primary responsibility for compliance and coordination of studiles
but has no explicit study review authcrity, except for programs
subject to D3ARC approval ‘major systems in the sense of DODD
5000.1--Major Systems Acquisitions). Primary responsihility
for determining when analyses are required (as well as for their
receipt, review, and approval! rests with other USAF Headquarters
offices. As a result, varylng standards of analysls may result
and studies accepted as economic analyses that were not speci-
fically undertaken for that purpose and do not contain all its
required elements. One case in point is a study of simulators
for the A+10 system performed by the A-~10 SPO and TAC Head-
quarters. Although representing one of the most complete
studles found, it will not satisfy the current study requirement.

Concerning the character of the Alr Force simulator pro-
gram, the presenv master plan identifies 45 distincet simulator
prozrams applicable to 21 mission aircraft types and to

IThe studies are for the following systems; instrument flight system
trainer for undergraduate pilot training, C-130 mission flight simulator,
B-52 instructional system, KC-135 instructional system, F-15 mission
similater, F-16 mission simulator, and A-10 mission simulator.
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undergraduate trairing.! Apprnximately 90 per:ent of the invest-
ment cc¢st projected 1s asscelated with eight aircraft types and
undergraduate training. The current study reqiirements include
seven of these alrcraft and one type of simulator associated

with undergraduate training.? '

A1l buft two of these simulator programs are either associ-
ated with major weapon procurement programs {currently in or yet
to enter their acquisition phases) or represent major procure-
ments and would be subject to DSARC approval. Analyses that
saticsfy the DSARC reviews appear to have been consldered as
satisfying the general requlirement for economic analysis as
well. In this sense, DODI 7041.3 1s adhered tc, but under a
different gulse. Note, however, that DSARC reviews of weapon
procurements shculd concentrate on the PME while giving only
minor attention to relatively small contract items such as
? training equipment. Here, an explicit requirement fovr analyses
of the associated simulators represents new or additional
material requilred by the DSARC process.

The initiation and processing of proposals for new capa-
bilities and equipments follows the Required Operational Capa- )
bility (ROC) process implemented by Air Force Regulation 57-1.
The basic composition of a ROC is no mcre than a "statement of
need" identifying a deficiency or threat and a "statement of
operational capability," including a proposed operational concept
to satisfy the need. The ROC may also (vptionally) include
statements of preferred or alternative solutions and expanded

% current master plan was published in December 1975 and is presently
considered obsolete. A relssue is planned for September 1977. The re-
icsue will involve same change in format as well as an updating of pro-
gram proposals and estimates of simulator program costs and savings.

2The eighth progran displayed a poor pay-off potential in the master plan,
ic currently not proposed for fuinding, and probably will not be included
in the master plan revision. Other undergraduate similators included in
the master plan also displayed poor paycff potentials, but whether they
will be included in the master plan revision is not know..

BT R
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rationale thatv contain estimates of proposed system characteris-
tics, quantities, costs, and criteria of effectiveness. Costs
and effectiveness are specifically noted with the statement
"if...reason for submitting the ROC 1s to achieve...reduction

in the cost...economic justification and amortization figures

should be preserted..."

ROCs are formally submitted t¢ USAF Headquarters by the
major commands. Thelr processing 1s the cognizance of the
Directorate of Operational Requirements of the DCS for Research
and Development. Thils processing involves a sequence of reviews
and approvals from a number of Headquarters offices (including
the Directorate of Management Analysis) and the Air Force sys-
tems and logistics commands and serves ag a vehlcle for suc-
cessively refining and clarifying the nature of the deficiency
(or threat) and for evolving the equipment (or operational)
concepts proposed for satisfying the deficlency before funding
is requested. The fccal point for simulator ROTs stated that
studies are always performed somewhere along this processing
stream, but that the process is informal. They may be contracted
by the Directorate of Operational Requirements or they may be
levied on the proposing major command, and AFR 57-1 prescribes
no format that they must satisfy.

The Air Force must feel that such studies are consistert
with the DODI requirements for economic analysis-~that analyses
are not automatically submitted, but that managers should be
prepared to demonstrate cost and effectiveness and to submit
detalled suppoerting analysis. Whether or not the analyses
supporting ROCs do satisfy the provisiong of DODI 7041.3 would
depend upon their completeness, and this may vary widely from
one case to another. The few observed do. In any event,
analyses are performed, but not ones that can be explicitl)
identified with the DoD instruction.
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2. Navy

Discussions with Naval pergonnel within the Office of the
Chief of Naval Operations (OP 596) and at the Naval Air Systems
Command (AIR 413) indicates that three time periods are relevant
in considering the Navy's evaluations of flight simulators;
prior to the fiscal year (FY) 1975 submission, from the FY 1975
submission to the present, and subsequent submissions.

FY 1975 marks the first time submission of the "ST" forms
was specified in the Budget Guidance Manual. It also appears
to mark a date when some changes in personnel and organization
occurred in the Naval Air Systems Command -office with cognizance
over simulator procurements. No evidence of analyses being per-
formed before that date has been found, even though the formal
review process for approval of procurement proposals appears to
have been the same as at present. Personnel currently assigned
to this office of NAVAIR and to the Aviation Manpower and Train-
ing Division (Deputy CNO for Air Warfare) have been unable to
shed any light on studies from this earlier period.

At the current time short studies (four or flve pages) are
routinely submitted as backup to budget requests, although it
is uncertain whether an evaluation (of a given simulator) is
submitted only at the first request for funding or annually
until procurement 1is completed. The Assistant Secretarlies of
Defense, Comptrolier and Manpower and Reserve Affalrs are
recipients, as are a number cf offices within the Navy
Headquarters establishment.

T™wo things should be noted about these evz2luations. The
first is that they do not appear to satisfy the requirements
of DODI 7041.3 with regard to evaluation of alternatives. The
only alternative to the proposed configuration that is recognized
is no simulator. The second is that all the information thaey
contain would be included in the Statement of Operational
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Requirement (OR) and the Development Proposal (DP) that form a
part of the interna. Navy review process prior to requests for
research and development funding. This process is descrlied

in OPNAV Instruction 5000.42 (Weapon Systems Selection and
Plenning) that, incicentally, makes nc reference to DODI T7G41.3.

These studiles contain terse statements of simulator
purpose, capability, and IOC in a requirements section. This
is foliowed by a benefit/cost analysis section listing assumptilons
regarding simulator procurement and operatlons costs, alr-
craft flying hour cost, and flying hour substitution. Little
informaticn is provided in the way of dava sources or estimating
rationale. The flilnal section consists of two tables showing
expected net savings (discounted) over a 1l0-year period. A
copy of one study supporting the FY 1978 budget request 1is con-
tained in Appendix C.

The Navy is currently evaluating its simulator program
management procedures, and it may be anticipated that one
result will be to place an increased emphasis on evaluation and
documentation of future program proposals. As a part of this
effort, the Navy will publish 1its Aviation Simulator Master Plan
in two phases. Volume I of the Phase I report (recently pub-
lished) describes the Navy program management structure. Volume
II (to be published) will contain an evaluation of the manage-
ment system. The Phase II report will propose correctlve
actions to deficiencies idzntified during Phase I and present
a draft master plan. It is here that the anticipated emphasis
on evaluation and documentation should appear.

3. Army

As noted in Chapter IV, the Army presents a different picture
than the Navy or Air Force. At this writing, the Army operates
one model of simulator (the 2B2% for simulation of the UH-1)
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and has just begun operational test and evaluations (OT&E) of
prototype simulators for the CH-47 and AH-1. 1In each of these
cases, it has been Army practice tc conduct extensive testing
of one prototype before commltting to procurement for inventory.
In the case of the model 2B24 the program was initiated before
1970. The prototype was delivered and entered into IOT&E dur-
ing Fiscal Year 1971. Six more units were delivered in FY 1974
and FY 1975. The testing of these units resulted in the formu-
lation and verification of a training plan on which a Basis of
Issue Plan {BOIP) was formulated. The first formal econcmic
analysis (formal in the sense of satisfying DODI T7041.3) was
published at this time as back-up to the BOIP.

Tentative BOIPs have been issued for both the CH-U4T and
AH-1 flight simulators, and preliminary economic analyses have
been performed. At completion of OT&E a final Cost and Train-
ing Effectiveness Analysis (CTEA) will be issued along with a
revised BNIP, and a formal ecoriomlc analysis performed for
review by the Army System Acquisition Review Council (ASARC).
It is only at this point that funds will be committed to prc-
curement for inventory. This practice points up the fact
that, although extensive prototype testing should pay handsome
dividends in terms of a configuration selection and BOIP, it
is also a time-consuming process. (Delivery of the last buy
of an anticipated 29 2B24 units is not planned until FY 1980).
To the extent that there is an urgency in getting simulators
on-line to displace flying hours, the extensive testing can be
considered to add to program costs. There 1s a hint that the
Army recognizes some problems with this praectice and that it
will make some changes in future programs in order to field
operational units more expeditiously.

C. IMPACT OF COST ASSUMPTIONS ON STUDIES

The cost-eflc¢ctiveness studies reviewed (whether or not
they purported to sa.‘'sfy the requirements of DODI 7041.3) are
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basically rather straightforward statements of the cost impacts

of substituting simulator for flying hours in a manner that
would leave ur.changed the level and composition of skills
learned. The crucial variables for such analyses are limited
to the rates at which simulator times may be substituted for
flying time and the ratio of (hourly) costs of the two.

Unfortunately, the cost of a flying hcur is ambiguous. It
can be, and has been, defined in a number of ways, and the
range of flying hour costs that result from the different defi-

itions 1s large. Further, definitions of flying hour costs
are rarely provided in studles. The material below presents
alternative fiying hour cost estimate:c for the P-3C gathered
from different official sources and the impact of adopting
these different estimates on the results of a Tralning Analysis
and Evaluation Group (TAEG) study of a P-3C simulator.

A related type ol problem regarding simulator operating
costs is also discussed. Herc the problem revolves around
assumptions regarding attainable utilization levels and the
manner in which costs change with changes in utilization. Ex-
plicit svidence of an impact on the studies reviewed was not
discernable in their documentation. However, the potential
exists, and its magnitude on study conclusions might equal
that of the variations in fiying hour cost definitions.

1. The Structure of Aircraft Systems' Costs

Not all military costs can be assoclated witn individual
weapon systems or program elemeunts (for example. costs of
higher echelon military headquarters and overhead costs of
central supply estublishments). Costs that can be assoclated
with individual systems are relevant for 1life cycle cost and
cost/effectiveness studies and can be grouped into two cate-
gories. The first conslists of those that are incurred due to
the existence of a weapon system in the force. The second
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consists of costs whose magnitudes vary witis the manner in
which systems are deployed and operated in the peacetime

environment.

A categorization of costs appllicable to estimaiing the
life-cycle costs of aircraft systems is shown in Table 12. The
operating cost elemencs are a rearrangement of those employed
by the Navy Resource Model (NARM). The level of fixed operat-
inz costs are estimated on a basils of the number of aircraft
assigned operating units. Varlable operating ccsts are esti-
mated on the basis of hours flown by these aircraft under

peacetime conditions.?

Which of these elements would be applicable to a system
study would depend upon the ground rules or assumptions lyilng
behind the study. For example, in comparing two hypothetical
or new aircraft systems, all elements would'be relevant since
no costs have been incurred (or sunk). That 1s, all costs
assoclated with one system would be avoided should the other
be the "winner". Should the study be between an exlsting
aircraft system and a new one (proéosed as a replacement) R&D
and procurement costs would not be relevant to the current
sytem since they would not be avolded if it were, in fact,
replaced.

In evaluating the benefits to be derived from simulation,
criteria must be develsped for distingulishing between those
cost elements that are relevant from those that are not, and
these criteria result in different sets of relevant elements
from one study to another. If squadron manning levels would
not change with the introduction of simulators, personnel costs
would be an irrelevant cost element. Should a study concern

lWhere personnel costs are based on the number of aircraft in inventory
1t would be assumed that the operating units are manned at levels
sufficient to perform thelr combat missions rather than at levels
designed to support peacetlime operations.
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Table 12. CATEGORIES OF COST

Investment Costs

Aircraft Research and Development
Aircraft Program Precurement

Fixed Operating Costs

Direct Military Personnel!l

Indirect Military Personnei?

Stendard Depot Level Maintenance (SDLM)
togistics Support

Base Operations Material and Contract Labor
Training Material

Medical Material and Contract Labor
Recruiting

Temporary Additional Duty (TAD)

Variable Operating Costs

Aircraft POL

Base and Intermediate Level Maintenance Material
Replenishment Spares

Aircraft Engine Overhaul

Aircraft Component Overhaul

1Includes basic pay; allowances for subsistence, quarters, and clothing,
hazardous duty pay; employer (Navy) Social Security contribution,
permanent change of station (PCS) moves, and other pay and allowance items.

2Includes personnel associated with base operations, medical and health
services, training, recruiting and examining, and transient personnel.




a naw aircraft system (one yet to he procured, like the F-10)

the use of aimulation should result in a smaller number of
alrcraft required for transition tralning. If aircraft assigned
to transition tralning had no combat mobilization assignments

sO0 tha*t a smaller number of aircraft would be requlred, in totail,
the smaller buy would represent a cost reductlon resulting from
simulation, so that ailrcraft procurement costs would be a rele-

vant cost element.

Unfortunately, nelther the assumptlons necessary for
separating relevant and lrrelevant cost elements nor the com-
position of flying r-urs costs were made explicit in any of
the economlic and cost/effectiveness analyses availlable to this
study. Since flying hour costs vary widely as a function cf
the cost elements assumed relevant, the impact on assessment of
simulator proposals is major. This iIs shown below in terms of
variations in P-3C flying hour costs found in official docu-
ments and the impact on evaluation of the model 2F87F OFT.

2. Impact of Flying Hour Cost Yariations in Assessment
of the P-3C OFT

Six different P-3C flying hour cost levels were found in
four Navy data compllations and one simulator study as shown
in Table 13. The cost structure was cxplicit for three »f
these levels and is shown in Table 1%, (In the case of the
Navy Program Factors Manual, total opera.ing costs were used
as a base since thls value was used in the Tralning Analysis
and Evaluation Group (TAEG) report that is discussed below.)
The values shown from the QP-20, Flying Hour Cost Report, and
the Alrcraft Program Data File seem to have the same corposi-
tion. The Flying Hour Cost Report 1is based on FY 1976 actuals,
and the 0P-20 report cost per hour values appear %o Le based
on Cost Report materlals. The Aircraft Program Data File value
reflects two years of anticipated escalation. 1In the case of

the NAVAIR analysis of the 2F87F, no explanation is available
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Table 13. P-3C COSTS PER FLYING HOUR AND SOURCES
Cost Per
Flying Hour Source
(Dollars)
2284 Navy Program Factors Manual, Chief of
Naval Operations (OPNAV-90P-02), 7 July
1976, FOUO.
1255 Cost Effectiveness Analysis, Procure-
(Replacement ment to Provide P-3C Aircrew Trainer

Air Groups)

795
(Fleet Squadrons)

2F87F OFT, Naval Air Systems Command
{Air 4137, 5 January 1977.

(Attantic Fleet)

418
(Pacific Fleet)

602 Aircraft Program Data File (ADPF),
Chief of Naval Operations (OPNAV 511),
January 1977, Secret.

446 Flying Hour Cost Report (line printer

1isting), Chief of Naval Operations
(OPNAV 511}, August 1976.

433

OP 20 Report (line printer listing),
Chief of Naval Operations (OPNAV §7C),
September 1976.
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fer the higher POL costs or for the higher costs associated
with replacement air group %raining. In the latter case a
likei, reason is to assume a decrease in ailrcraft maintenance
and operation personnel requirements. This would be Jjustified
on logical grounds only in the case that replacement ailr group
aircraft and perscnnel do not have combat mobilization assign-
ments so that personnel allowances could actually be decreased.

The total operating cost level developed from the Navy
Program Factors Manual ($2284/flying hour) is of speciai in-
terest since it was this value that was used in the TAEG
Report No. U2 (Training Effectiveness Evaluation of Device 4
2F87F, P-3C Operational Flight Trainer) discussed in Chapter
IV and Table 10 of Volume I of this study. The table is re-
peated here as Table 15. The large cost decreases claimed by
the TAEG report would be loglcal only if it were assumed that
s the 2.8 aircraft released from this assignment (7.0 - 4.2) were
1) deactivated and alli the personnel required for their opara-

tion and maintenance released from Naval scrvice or 2) re-

pursued by the procurement of 2.8 additional aircraft and the !
personnel necessary for their operation if the 2F87F OFT had
nct been procured.

It is only under one of tnese assumptions that the $22084
can be considered as the incremental decrease in costs assoc-
iated with use of the simulator, and it is only the incremental
T changes 1in cost that are relevant for comparing with the
ratio at which simulator and aircraft hours may be substituted
for assessing the efficiency ot simulator utilization. If the
two assumptions above could nol be accepted (or confirmed) some
other value for varliable flying hour cost--f,or example, the
$650 shown in the Navy Program Factors Manual--would be re-
quired for a logically consistent evaluation. This presents
a quite different pilcture of attractiveness of the 2F87F.
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Table 16 displays the impact of using the other flying hour
costs given in Navy source documents wpere impact is measured
in terms of changes in the device amortization period. The
TAEG study assumed a useful 1ife of the simulator to be 10
years. On this basis, the efficiency of simulation is marginal
at variable flying hour costs in the neighborhood of $550 to
$600.

3. Simulator Operating Costs

A similar problem arises regarding the variable costs of
simulation that 1s well 1ilustrated by current Alr Force
practice. The effective utilization of simulators 1s deter-
mined by two factors; the prcportion of time a simulator is
available for use (up-time) and the demand for simulator time
(student load times simulator hours per student). Base level
simulator operating and cost data collected by the Directorate
of Management Analysis, Comptroller of the Air Force indicates
an average utilization of approximately 40 hours per week
while Air Force policy has set 80 hours as a standard or
target.! The data collected hy the Directorate was organized
into the categories shown in Table 17.

The problem arises in that the total of these simulator

25ts have been consldered as fixed and independent of the
number of hours used. While some of the elenents may be truly
fixed {o1 fixed within ranges of utilization) it is impossible
to justify that all or even the majority are fixed for all
usage levels. If the (hypothetical) per hour costs at 80

hour utilization rates are used in analyses ovr used as a basis
for estima.ing operating costs of propcsed simulator configura-
tions, the result will be arbitrarily low values favoring

lgach of the services has postulated utilization rate standards between 60
and. 80 hours per week.
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Table 16. IMPACT ON P-3C TRAINING COSTS OF ALTERNATIVE FLYING
HOUR COST ASSUMPTICNS (Thousands of Dollars)
Source of Amortization
Flying Hour Item Control | Experimental Cost Period
Cost Assumption Group Group Difference (Years)
TAEG Report Cost Per Flying Hour | 2,284 2,284
No. 42 Annual Flying Cost 6,853 4,112
(Navy Program | Annual Training
Factors Device Cost 256 512
Manual) Annual Total Cast 7,109 4,624 2,485 1.7
NAVAIR Cost Cost Per Flying Hour { 1,255 1,255
Effectiveness Annual Flying Cost 3,765 2,259
’ Analysis Annual Training
Readiness Device Cost 256 512
Group Annual Total Cust 4,021 2,77 1,250 3.4
NAVAIR Cost Cost Per Flying Hour 795 795
Effectiveness | Annual Flying Cost 2,385 1,431
Analysis; i Annual Training
Fleet Device Cost 256 512
; Squadren Annual Toal Cost 2,641 1,943 698 6.1
f
i Aircraft Cost Per Fiying Hour 602 602
Program ,Annua] Flying Cost 1,806 1,084
Data Annual Training
File Device Cost 256 512
Annual Total Cost 2,062 1,596 466 9.1
0P-22 and Cost Per Flying Hour 433 433
Fiying Hour Annual Flying Cost 1,299 779
Cost Annual Training
Reports Device Cost 256 572
Annual Total Cost 1,555 1,291 264 16.0

o
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Table 17. AIR FORCE SIMULATOR OPERATING COST CATEGORIES

“ilitary Pay and Allowances!
Civilian Pay and Allowances!?
Temporary Duty

Permanent Change of Station Moves
Personnel Acquisition and Training

Base Operating Support Personnel
(Cost)

Medical

Supplies
Equipment (Minor)
Utilities

'Includes only simulation raintenance and operations personnel.
Costs of students, instructers, and other instructional
support personnel are ignored.

63




extensive simulator usage. In the light of the recent USAF
utilization, base-level costs could be understated by up to one-

half.

A further point 1s that these values are averages and
averag?:s are 1irrelevant in setting limits to efficient usage.
Determ.nation ot the limits is devcloped in Appendix A on the
basis of equality in the ratios of ineremental or marginal
learning to cost. Learning substitution rates between simu-
lation and flight are expected to be nonlinear and to increase
as simulatlion 1s increasingly substituted for flight. (That
is, &as simulation is increasingly substituted for flight a
greater amount of simulation time will be required to substi-
tute for one hour of flight.) The implication of zero vari-
able operating costs of simulators (and ignoring costs associ-
ated with instructor and student time) is that increasing the
1evels of utilization of (existing) simulators will continue
to be efficient so long as any learning results.!

1Tnereasing rates of substitution are eguivalent to convexity of "product
isoquants" as defined in Appendix A (see Figure A-2).

L = f(A,S);

learning
aircraft hours
> simulator hours

The slope of the product isoquant, at any point is defined as the relative
learning transfer rate and is equal to the value,

/33
YWY

Sufficient conditions fer convexity are that

v >
[ 1}

9L/3S > 0 and 3L/3A > 0
82L/382 < 0 and a2L/882 < 0.

Then, given the cost function
C= (ah + ¢) + (BS + §8);

(footnote continued on next page)
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A

where C = total cost
a = incremental aircraft operating cost
g = incremental simulator operating cost
¢ = fixed aircraft operating cost
§ = fixed simulator operating cost

(A and S as above)

The slope of the budget-line (Appendix A, Figure A-1) is

9C/33
oC/3A
and §_§>§_Q_>O _3__2_9_,__._3_2_(:_:0
>
A aS 3A2 832

Beyond some point of simulator utillzation

3L/33 4 9C/3s
3L/58 © 3C/0A

However, if 3C/3S
point where aC/3S

0, efficient simulator utilization will continue to the
0.




VI. GENERALIZED MODEL FOR ESTIMATING TRAINING COSTS

‘This chapter describes, in general terms, the structure
of a model for estimating costs of flight training. It is
important to note that its purpose is not to set out a com-
plete set of procedures or specifications to follow in making
estimates.! Rather, it is a general'framework composed with
two limited purposes in mind. First, 1t should provide a
simplified picture of the sources and structure of training
costs. Second, it is intended as a general framework for
identifying and assessing data requirements. Three considera-
tions were instrumental in shaping its development.

1. The model cghould emphasize the differences in esti-

mating costs of different training modes and
equipments.

2. It should provide a sinéle estimating structure for
all levels of flight training (undergraduate, transi-
tion, and continuation).

3. This basic structure shculd be capable of addressing
a wide (but unspecified) range of questions associated
with tralning and the use of training equipments.
That 1s, it should become a generally applicable esti-
mating tool through only extensions or minor changes.
Since the model is put forth as an explanatory device, it
contains a number of gross simplifications over what would be
found in a model specifically to be used to estimate training

program costs. Some of these simplifications have been

Tncompleteness of the model is easy to recognize. Relationships are
specified in general terms and sometimes do not include the functional
form. Tre specification of cost elements 1s probably incemplete for
many particular study questions. Hopefully, it captures the general

. nature of flight training and the primary drivers of training cost.
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}?h discussed above and some more will be discussed below. There is
one, however, that deserves discussion at this point.

The model 1s cast In that timeless static context typically
assocliated with life-cvcle cost estimates of individual weapon
systems. The costs estimated are limited to system-unique (or
training-program-unique) development and investment requirements
and steady-state annual operating coscvs. As a result, the mdﬁel
displays no sensitivity to the timing of costs or to budget'im—
plications of program alternatives. Further; it 1s incapable
of addressing inter-~weapon system or service-wide 1mpacts. The
importance of these interactlons for both the development of
training programs and simulator development policles was discussed
above. These are pertinent toplcs, and their absence represents
a slgnificant shortcoming of the model as 1t is currently des-
cribed. However, it should be noted that the model can be
expanded without changing its general nature to ilncorporate
both time and the interrelationships between tralining programs
and impacts of alternative overall simulator policies. That
is, the structure is consistent with time-phased force structure
cost estimating. The fact that its explanation is not cast in
this light is one of convenlence. The introduction of time
and numbers of training programs (like weapon systems) involves

a cumbersome and repetitive computational notation that would
detract from its real purpose--that of explaining the general
structure of training cost ~2stimating and identifying data

requirements. |

The three sections of this chapter that follow discuss i
three distinct stages of the estimating process. The firsﬁ
is determination of training icads--tne number of individuals
or crews to be trained per time period (say, one year). This
is a quite straightforward process ard its discussion consists
.of little more than the set of mathematical relations by
which loades may be determined.
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The sccond stage consists of determining what is called
tae level of training activitles. Training programs are
generally described in terms of the number of classroom hours,
flying hours, etc., that each student must engage in. The ferm
"activity level" refers to the total classroom hours, flying
hours, etc., per time perlod implied by the tralning load whecn
one acccunts for class size (for academic training), aircraft
fiying nours, by aircraft type, per credited student flying
hourl, etc. Determination of activ’ty levels is not straight-
forward, and, indeed, it is not obvious that is amenable to
modeling in the strict serse of being reducible fo mathematical
reiationships. As a result, no set of relationships has been
attempted. Instead, a discussion of the modeling problems is
presented in Section B, below.

Once the level of training activitles has been determined
(by whatever means), the estimation of cost 1s conceptually
straightforward. The final section of this chapter assumes
that three key parameters describing training activity levels
can be determined and goes on to set out mathematical relations
by which votal training activity and tralning costs may be
estimated.

A. DETERMINATION OF TRAINING LOADS

The ultimate determinant of training loads is the force
level (number of UE aircraft) or combat and supvort systems.
Since continuation and transitlon training are wholly associated
with cne alrcraft model, the determination of loads for both 1s
a transition and continuation training functlon of this force
level. On the other hand, undergraduate flight training is

Ipifferences between aircraft flying hours and credited student flying
hours result from such causes as instructors flying in chase aircraft,
students occupying more than one seat of multi-seat alrcraft, unsatis-
factory student performance requiring reflys of training missions.
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common across aircraft types, and undergraduate training loads
must be determined by reference to the force levels of all
aircraft types or must be assumed.!

Determination of training loads for continuation and
transition training is s own in Figure 2 and the follcwing
relations. The continuation training load for cne type of

aircraft for one year is determined as follows:
For complete crews,
CL = (FL) * (CR)

and, additionally, for each crew set (1),

CN, = (CL) - (cCy)

where CCi: Crew Composition; Number per Crew,
Crew Seat 1

CL: Number of Full Crews
CNi: Number of Crew Required, Seat 1

CR: Crew Ratio
FL: Itorce Level, numoer of UE Aircraft

Required outputs of transitionsl training arise from the
combining of reassignment rates and number of assigned crews;

T0, = (RR)} * {Cny)

but the effective tralning load must account for trainee
attrition (or wash-out). Assuming attritions occur linearly
across the training period;?

b ——

TL, = Toi/( 1 - TAi) = (RR) - (CNi)/(1 - f_’fl)
\ 7

IThe Navy system of pilot speciaiization during undergraduate training re-
quires a further specification. Each of the three specialties (jet, pro-
peller, helicopter) represent a separate track durlng some poc.tion of
undergradua” - raining.

2Mhe irract of the linear attrition assumption in effective load is accounted

for oy a halvirng of the attritior rate.
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where RR: Crew Rotatior (Transfer) Rate

TAi: Transition Training Attrition Rate, Seat 1

TLi: Effective Transition Training Load, Seat i

TOi: Transicion Training Output Required, Seat 1

If loads for undergraduate training are not assumed they
may be developed according to Figure 3 and the relationships
that follow. The zontribution of each aircraft type to under-
graduate truining .cads 1s the result of the numbers of persons
1equired to occupy each crew seat and what will be called
"flight crew attrition"--the loss of personnel qualified for
flight operations. In addition to retirement and resignation
assoclated with normal personnel attrition, it includes dis-
qualification from flight status for such reasons as age, grade,
and physical causes. Similar to transition training, the
# effective undergraduate training load includes 2llowances for
training received by those who subsequently attrit from the
training program.

UOi (DRi) ) (TCNi)

UA.

"

where DRiz Flight Status Disgualification (Attrition)
Rate, Crew Seat 1

TCN,: Total Number of Crew Required Across all
Aircraft Types, Seatv 1

UAi: Undargraduate Training At:rition Rate,

Seat 1

ULi: Effective Underar -uate Trainiv2r Load,
Seat 1

UOi: gndir%raduate Training Output Requirement,
ea

These -~lationships :resent a highly simplicfied picture

of what 1s, in fact, a complex process. As a result, they ignore
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a large numder of factors that lmpact on actual assignment of
personnel and training loads. PFigures 2 and 3 and the
relations ignore requirements fer training undergraduate and
transiticn instructors. Determinaticn of these loads is
relatively simple, but their conversions to training activities
and costs 1s complex, since 1t would include activitiles resquired
of regulwur students plus activities unique to the instructer
curricuala. In addition, requa”’fication after "loss of currency"
is not considered in determining transition training lcads.
These and other complications can be introduced at the expense
of computational complexity to expand the range of questions
that can be addressed and the fidelity and completeness of
analysis. However, the simply derived impacts are useful for

a number of purposes, and such refinements do little to change
the basic process by which loads arid costs are determined.

B. DETERMINATION OF TRAINING ACTIVITY LEVELS

Ideally, for each training course resulting in qualifica-
tion for orie crew seat in one aircraft type, a listing could be
made of ali activities (lectures, training device sessionz,
flying sorties, etc.) and each could be assocliated with a purpose
or skill learned. These might then be grouped according to re-
gsource used (aircraft type, lecturer, etc.) and skill learned,
be quantified, and be summarized as in Table 18. The totals
thus derlved would serve as basic inputs to estiritlon of
both trailning cost and training effectiveness for one or a
group of individuals. Hcwever, single training activities
contribute to the learning of several skills and prevent one-
to-one associations of the two. This 1is primarliy a problem
in training program design--translating required flight skills
into a set of training activities that satisfy the requirements,
in total. This translation is the essence of syllabl develop-
mert, and their organlization reflects the absence of one-to-one
relations between what is done and wrat is learned. 1Indi-’idual
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Table 18.

Activity
Sortie

1

2

3
Sortie

1

2
Sortie

1

2
Session 1

1

2

3
Session

1

2
Lecture

1

2

3
iecture

1

2
Summary

IDEAL ASSOCIATION BETWEEN

PROFICIENCY GAINED

Hours
Aircraft #1

Aircraft #1

Aircraft #2

- o= .

Simulator #1

Simutator #1

s -

- o~
- - -

- - -

- o o

Total Flving Hours: Aircraft #1

Aircraft #2

Total Siwulator Yrs: Simulator #1
Total Lecture Hours:

T4

ACTIVITIES AND

Proficiency
Skill 1

- - -
- - -

Skill 2

Skili 1

- - -

Skill 1

- -

Skill 2

- -

Skill 1

Skill 2




training activities (aircraft sorties, training device sessions,
lectures, etc.) are specified and asscciated with maneuvers to
be performed, subjects to be covered, etc., and frequently with
the time resquired by each. Syllabil (and other prosram documen-
taticn), then, serve as a bridge for combining traihing Cur-
ricula with student lcads to develop statements of total train-
ing activity rates that prcvide the tvasiz for estrimating train-
ing costs (Figure 4). However, problems exlst in this conver-
sion, and their nature is explained below in two contexts. The
first applies to training programs for all aircraft and pertains
to the way syllabil materials are written., The second 1s methodolog-
ical and is applicable only tc multi-seat aircraft.

All Aireraft: Estimates of costs are generally based on

utilization of egulpment and personnel, and program specifica-
tions must be translatable into statements of utilization, not
Just events. For example, the cost of an aircraft sortie
depends, in part at least, on the duration of the sortie. Syl-
labi appear generally to be written in a manner that does not
permit quantifying of all requlrements. Student sorties inay
require chase alrcraft that are not noted by aircraft type.

At advanced training levels (especially continuatfion %“raining)
requirements may be specified in maneuvers to be sucwessfully
performed without specifying the number of sorties and fly:ng
nours invelved. Academic requirements generally do not cpe-ify
class sizes and Instructor requirements. Since various syllabi
are wrltten different.ly there can be no general rules formulated
for converting these requirements into quantities whose costs
can be estimated.

Personnel newiy assigned tc a weapen cystem come to that
assignment with wide differences in experience in both general
flight proficiency and the particular skills required by that
mission. Compare, for examplie, a pilot transferred from F-i4 to
F-14 alrcraft with a pilot who has just completed uiidergraduate
trainlng and is assigned tc #-14. To accommudate the twc,
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TOTAL TRAINING
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!
NUMBER OF H TRAINING COST
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CREW TRAINING MODEL

REQIIREMENTS

BY SEAT
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TRAINING
REQUIREMENTS,
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721-77-23
Figure 4. TRANSLATION OF SYLLABUS AND STUDENT LOAD

INTO ACTIVITY RATES
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transition training syllabi may consist of several sections,
each partially tallored to account for differences 1n experience
and specifying different levels of training activities. The
average tralning recelved depvends upon the particular experience
mix of the input load, and 1ts estimation 1s quite complex.

Multi-Place Aireraft: Both transition and proficiency

training programs for multi-seat aircraft are really ccllections
of separate programs. As an example, conslder the current syl-
labus for the F-14 transition training program (Table 19). In-
dividual training classes include both pilot and flight officer
students. One document specifies the training for both seats,
although the training schedules differ for candidates for each

seat. Hence, 1t 1s not possible to distingulsh between training
sescions applicable to ornly one seat and common training sessions.
Some flying activities require a student pilot and instructor
flight officer, others a student in both seats. Equal numbers
of student pllots and flight officers appear to be anticlipated
since the pilot syllabus stipulates the same number of flying
hours to be flown with a student flight officer as the flight
officer syllabus does to be flown with a student pilot.

Syllabus detail provides short (four or five word) descriptions
of each acadamir and simulator session and each flight sortie
(for each category of pilot and NFO.) These descriptions,
though, are the same feor both pilot and NFO sections and are

not sufficient to convey the full purposes of the sessions.
Instructor guldes or similar material must amplify on these
points, tut nore are referenced in the syliabus bibliography.

Table 20 11lustrated three problems concerning multi-seat
aircraft training. (J) What happens if training loads of the
two seats are not the same? (2) What if the average exXxperience
(ana hence hours required) between the two differ? (3) Is the
fuil 30-nour requirement (for newly graduated) really training
for both seats? (That is, maybe fligit officer training is
proauctive for only 20 hours, and the remaining 10 are really
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Table 20. SYLLABUS FLYING TIME

Crew Composition Pilot Hours Flight Officer Hours

New Graduates
Student and Instructor  8C 50 Cf
Two Students 30 30 ‘

Experienced Crew
student and Instructor 55 40

Two Students 20 20




for the benefit of pilots). Answers here require more than the
information contained in syilabi., These questions appear
fairly well avcided by considering the crew as the receiving
envity for continuation training, but it may be a major consid-

eration for assessing transition training.

c. ESTIMATION OF TRAINING COSTS

Tne material below presents a method (functional forms and
reltvionships) for estimating training costs. The individual
forms and reletionships shown apply to estimates of training
for one crew Leat in one model of aircrafit. As noted be
exceptions zr: that undergraduate training is not particularized
to one aircraft,! and continuation training at (combat unit
level) is associated with the total crew. Total training costs
assoclated with one combat alrcraft mcdel would require repli-
cation of the estimating process for all crew seats at the
transition level and for those training activities other than
flight at the continuation level. Estimates of total training
costs across a group of aircraft models would require replica-
tion of the estimating process for each seat of each aircraft
. model.

The relations and fcrms shown should be considered as
exemplary only; that is, of the type that might be expected
but not verifiable on the basis of data currently available to
the author. The r “ationships, individually and in total, are
straw men formulated as vehicles for shedding light on what
data is required, what is availsble, and #hat has to be davel-
oped; for assessing the logic and feasibility of the estirating
process; and for judging the scope of problems involved in
assessing a2lternative training systems. In several cases, al-
ternative estimating variables and forms are suggested. No

IThe Navy practice of partial specialization for undergraduate pilots t.as

\. been ignored since it does not change the basic flow of requirements cut

complicates its cyplaration.
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Judgements are made as to which are better or more applicable;
g each is logical, and the "best" may lle in differences in or-
ganization and accounting between the servlces.

Several simplifying assumpticns were discussed above. They
are reiterated here and several others are noted.

1. Regarding personnel composition, all instructors are
assumed to be rated officers. This would be true in
training for crew seats occupled by officers. 1In the
case of crew seats occupied by enlisted personnel, the
instructor cadre would probably be some mix of offi-
cers and eniisted. Further, instructional support,
maintenance (both aircraft and simulator), and simu-
lator operations personnel are assumed to be wholly
enlisted. No provision has been made for civilian
personnel.

2. The whdle area of proficlency flying has been ignored.
This is really another level of training. The deter-
mination of training 1oads would be conciderably dif-
ferent, but once obtained, estimating its cost would
be similar to continuation training flying.

\ 3. The mix of varylng experience levels of crew under-
going transition trailning has not been considered.
The impact of the mix on formulation of syliabus
requirements has been dlscussec ahove,

4., Requirements for instructor trzining have not been .
included. The complexity this introduces in the
determination of training loads was discussed abvove.

Training programs for different crew seats of the same

aircraft model are specified in the same or in differ-

ent, but coordinated, syllabi. Individual tralning

exercises may involve varying combinations of crew

s members (seats). For erxample, continuation training

may impose differing numbers ¢f flight hours or
sorties on different crew members so that some f{lights
are made with less than full crews; this can be accom-
modated 1in estimating tralning costs by considering
the full crew as the entity receiving trainine. As a
second example, some simulation training session> (for
a large aircraft) may include all crew memsers except
the pilot and co-pllot; other sessions may include onty
the pilot and co-pilot. The same conditicns may be
encountered in transition training flying. It 1is
simply assumed that syllabus requilrements assoclated

- with an alrcraft can be adjusted to allow costs to be

estimated by seat and total crew, as regquired.

1
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R4 6. Training for small Navy aircraft will necessarily
require carrier operations. Since the only purpose of
carriers is air combat capability, theilr total cost of

', operation must be a cost of flight training. This
opens a whole new and large area of data requirements
and estimatring relationships that have not been in-

. cluded in the digscussion.

7. Finally, no costs of military construction have been

included. Where the total size of military forces

remains rather constant, coustruction is a relatively

small element in total mllitary expendiftures. This is

not to say that construction costs to house z simulator

will always be minor in relation to the initiaix cos

of the simulator. However, in relation to the life-

cycle costs (or 1ife~cycle training costs) of the

system the simulator supports, construction costs can

be anticipated as a minor item. In the second place,

construction costs will, in large part, depend upon

conditions such as deployment patter—~ that cannc e

meaningfully formulated in a geners iel.

Prior to estimating costs, estlmates must be made of the

revel of training activities associated with the assumed train-
ing lcads and the physical quantities of equipments and manpowe>
they imply. As will be ncoted below, thils encompasses the bulk
of the estimating burden.! Table 21 provides an overview of the
training activity levels anld physical requirements applicable
to each level of training, based on the discussions contailuned y
in Sections A and B above. The shaded areas (or cells) indlcate 1
requirements that are nct applicable to a given training level.
Table 22 is a companion to Table 21. It is identical to Table
7, with one exception. Several different aircraft and simula-
tor models may be iin 'd In a training program and Table 22
makes note of this. 'the remainder of this section 1is devoted
to explanations of the individual relationships comprisirig the
medel. These explanations are organized by paragraph, arranged
numerically, and the column titled "paragrapn® in Tables 21 and j

The problems associated with translating syllabus specifications into activ-
ity levels has been discussed in the introduction to this chapter and in
Section B, above. In this section it is simply assumed that three activity-
level parameters (classroom hours, flying hours by aircraft model, and
simulator hours by model) are known.

82




140U 0p . .o21u0Bi0 Buluinsy eienpoBispun

03 PaubItD [suv0tIad B|Iym ‘UIWUBINO UOOZI[IQOW SABY 1VO1IDZIUDBIO BUILDN UCHIUDI O PUBITID |SuuCsIed LBWNID 8ADQD

10210 papOys JO widiind Byy  “815C) BuiulDn A]18d0ICt 110 $182D PEIDISOND 118 HUBMLBIO YONT ADY 10U Ip |BUUOLIBD Bidysy *CuluIN] UDY;
134101 158UIPDBL 1O $§105> M0 _.c:o:.u AIUDUIRNDW {§01I.10 PUD JOIINIIVL JO SBIUDMO]I * PUD Aod ¥ PO 810 fuswuBisin Ay Iym JDuy

sa1jdwr 7 saidoy?) Le LRI 33503 Buluios pup Bu

01} J0 UOLILLIIP BY)  “swosfoid Buivion 810npLIBISPUN U, PIACIdWe #1041 BupA|dUL ‘(8i1un

3O 0 10quod 01) $IuduBIO YOS BuiADy WOy Sy JUWKINDS PUD [SULCIBT [ONP;AIRUY 80N J8id 4l 180D SiY]  “HIUIWUBIIIO LOIIDZ)|1QOW
bulpudIs 3104 (OU OP “SIA[ITWBYI “SHUN BY) YONE Ly (Y] ) BIUDMA[|Y PuUD UCUNGIISIC JO 18(qO] 04 Buipi0II0 PaTILDBI0 81D $itun BusuiDs} ».E(o .
*|8POW J0JO[MIIS / 1JOIDII0 YOO KOf PRUIWISING .

SINIW3IYINO3IY TVIISAHd OGNV ST3AIT ALIAILIV

————

rl

€l

14}

e oo o oo o i

LX ] (A o1

—————— 6

£

[ X ] L] "

9

1

14

14

!

€

wary 1 2 T ] 2z 1. sjonpobaepun | [ ydosBosog

ned inag Ag wag Ag
[ IETT ) = o ttunI)

JAILVINISIY¥d3Y

[suuotiag {oaipayy /Buyipiadg eiog
[OUVO g UOLIRDIVIUILIPY / PUBWALOD)
Jouveting ouco:o.cnai. 1040)MuLSg
._!Eo:om U004 ..o.c_ae_m
o_!.S:C& LEL T N ._ur ey
{ouuoting (10ddNG 1 2a0)1INYIU)}

.
.

S0P LYo g

.
QIR0 RILUP]

$2043004480

(WD UDW) HUALIfiLyy [AUNOSIdY

.
YT
.

SHeRIY

Huawnbey juswd) b3

08:0—::3 204D NHS

oco:uu__:b Py
snop Bujuoil dtwenody

a8y AiApdy tutujosg

“le °tqel

83

A SRR M e R A S I R




v PR AN D AVRALE RPN LA EMIcE IR wrm o s s o5+

Table 22.

REPRESENTATIVE APPLICABLE COST ELEMENTS

Bose Oper. /Medical Suppiat Pers.
Focilities Maintenonce Materiol
1nvestment

14,15
614,24

8

Trunsition Continuation
By Seat —QY Seat Full
Sarogroph{s i || Underg:« duare H ll 2L. . 1 l 21 « oo} Crew
Academic Training
Operations
Poy & Allowances JOR r—
Instructors 615 oIt _ ] I
imstructional Support Fersonnel 9,15 ——]
Troining Device Mointenonce 16
Troin:ug Maotarialy 17
Investment
Training Device Procurement 25
Flying Ticining
Operations e o
Instructor Poy & Allowances 8,15 __lt_ 3
Munitions Expended 18
Vorigble Aitcraft Flying Losts® —— s - ]
Bate Mointem nce taobor s 10,15 — .1*_— L
Bna Maintergnce Materiahs 1,19
Depot Mainte ince 8 Mod. 1,20
Investment . —
Aircraft Attrit"on or Procuremert 1,26
Simulation Training
Ooerations PRSI
Instiuctor Poy & Allowances 7,13 I ki)
Studest TAD/TDY 23 o
Simulation Costs®
Simulation Operation: Lobor 11,15
faie Maintenonce Lobor ¥2,15
Sase Mointenonce Nuterials 2,521
Depot Mointenance & Mod. 2,5,22
Investment .o
Sirwlotor Procuremert * 5,27 1 )
i
Stugent Poy & Allowcaces 15
Trainirg Support (
Orerations
Pay & Allowonces ‘
Unit Commond, Admin../ Ope.ction 13,15 i

Troinl~g Progrom Development

’lncludc* directed development.

t

L

—
k

]

'F.rpec! section for xach cireroft/ simylation model.
> *includes PCL, replenishment spores, other bose material.

do ot have st
having such assigne (to

ding mobilization iy

rother then troining.

mbot or TOE units}, §

{ and H

daate §

ki

*Nmy training units are orgonized accerding to Tobles of Distribution ond Allowonce (TDA). As such units, themselves,

ts. ‘this doas not preclode individval p at ilems from

Where personae! Jo not have such auip

{uding those employed in underg
definition of tralning ond training costs given in Chapter 2 implies that where these onignments ore mooe the pay ond
allowonces of imstructor ond aircroft malntenance personnel (ond certain oircroft operating costs) ore costs of readiness

te their

iated costs ore properly troining costs.

o b

The pottern of shaded areos obove atsumes personnel assigned to tioniitlon troining organizoti=-s have mobilization

ignments, while p
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22 keys the relatlonships relevant for estimating each require-
ment and cost.

1. Total flying hcurs per year, in the aircraft model
trained for (1), and each other aircraft model used in the train-
inig program {J, k...).

Undergraduate and transition training:

Alrzraft model trained for:
FHTi = (ESL)(FHSi+FHOi)(]+FNPF)
Other ailrcraft models:

FHTj

(ESL)(FHSj+FHOj)(1+FNPF)

FHT

" (ESL)(FHSk+FH01)(1+FNPF)

ZTontinuation Training:

FHT; = (NAC;) (FHS;+FHO,) (1+FNPF)

Where: ESL: Effective student load (equilavent students
per time period--year).

FHO.: Other syllabus flying hours, by aircraft model
i, assoclated with student training but flown
by other than students.

FHSi: Student syllabus flying hours, by aircrafi
model 1.

FHTi: Total aircraft utilization, flying hours per
year for aircrzft moiel 1.

FNPF: Nonproductive flying time factor, accounting
for all flying time abcve that stipulated by
the syllabus. Nenproductive flying time is
primarily ascociated with student and equip-
ment fazillures hut also includes diverse other
reasons (for example, weather, accidents).

NACi: ~waber of alrcrews assigned to combat units,
aircraft model 1.
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2. Total
lator (1) used

Where: ESL:

SHT.:

SNPS:

SSH

3. Total

Vhere: AHT:

ASH:

ESL:

simulator hours per year for each model simu-
in the training program.

SHTi = (ESL)(SSHi)(1+SNPS)

Effective student load (equilavent students per
time psriod--year).

Total simulator utilization hour. ver year for
simulatoy model 1.

Nonprod. .tlve simulation time factor, account-
ing for simulator time above and beyond that
required by the syllabus. Nonproductive tilme
is associated primarily wvith student and equip-
ment failure.

Studer.t syllabus hours, simulation training
portion with simulator i (device hours per
student).

academic hours per year for all students.
AHT = (ESL)(ASH)

Total academic hours per year. (This 1s the
total student man-hours spent in academic
instruction.)

Student syllabus hours, academic training portion
(class, laboratory, etc. hours).

Effective student load (equilavent students per
time period--year).

4, Number of aircraft required by the training program;
of the aircraft model trained for (1), and each other azircraft

model used in the training program (Jj, k...).

Aircrart model trained for:

AIR; = FHT,/AUR,
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Other alrcraft models:

AIR,
J

FHTJ-/AURj

AIR

K~ FHTk/AURk

Where: AIRi: Aircraft 1aventory required, alrcraft model i.

AURi: Aircraft utilization rate per aircraft flying
hours per year for alrcraft model 1.

FHTi: Total aircraf't ntilization, flying hours per
year for aircraft model 1.

Aircraft utilization is taken here as a given customary or
typical value. It might also be treated as a variable deter-
mined by 1ntensity of maintenance (affecting turnaround time)
and the number of hours per day flight operations are conducted.

5. ®Wumber of simulators requlred for each simulator
model (i) used in the tralning program.

SIRi = SHT,;/SURi
Where: SHTi: Total simulator utilization hours per year

for simulator model 1.

SIRi: Simulator iaventory requirement, simulator
nodel 1.

SURi: Simulatosr utilization rate per simulator,
hours per year for each simulator of model i.
Simulator utilization might also be treated as a variable,
and determination of the number required could be a complex
process. For example, a minimum deployment requirement such
as one per wing would determine both utilization and a minimum
number reguired and considerably more program specification.
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6. Academic instructor man-years.

The number o clacsers per year is determined by:

{ESL)/(ACS)

Instructor c¢lass hours per year is determined by:

(AHT )/ (ACS)

Instructor duty hours per class hour 1s determined by:

(1+ADH)

One instructor man-year is set at:

(ODHO ) (20MY)

So that academic instructor man-years expended cre:

Where: ACS:

ADH:

AHT:

AIMY:

0ODHO:
ROMY:

. - {ESLY {ASH)(1+ADH)
ATMY = (KE§> 2ooﬂb§IRdﬁv)

Class size, academic tralning portion (students/
c.ass).

Instructcr primary duty hours per class hour,
academic instruction portion.

Total academic hours per year. (This 1is the
total studen®t man-.aours: spent in academic
instruction.)

Instructor man-jyears academic tralning portio. .
Officer availability factor. '
Officer duty hours per man-year.

7. Simulator instructor man-years, for each sim:lator
model (1) used in the training program.
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Simulator Instructor man-hours per student is determined
by:
(SSHi)(SCSi)(1+SNPI)(1+SDH)

S0 that total simulstor instructor man-years expendad are:

’ (SSH,)(SCS) (1+SNPT) (1+SDH)
= <
SIMY, = (ESL) TGDHO) (ROMY)

Wnere: ESL: Effective student load (equivalent students per
time periovd--year).

SCS.: Instructor crew size simulation tiraining with
simulator 1.

SEBH: Instructor primary duty hours per stadent simu-
lator hcur, simulation training portion.

SIMYi: Instructor man~-years simulator “ralning, simula-
tor model 1.

SHPI: Insiructors! ncnproductive tralning time factor
--simulation training.

SSHi: Student syilavus rours, simulation training por-
tion with simulator 1 (device hours per student).

9DH0: Officer availability factor.
ROMY: Officer duty hours per man-year.

8. Flight instructor man-years associated witn each air-
craft model (1) in vhich students are trained.

Flight instructor man-hours required per student are set

(FHSi)(]+FHI+FCH)(1+FN”I)(]+FDH)
So that total instructor man-years expended are:

. (F45 ;) (1+FHI+FCH) (14FNP1) (1 +FDH)
Fimr, = (ESL) —— (GOROYTRONY)
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Vhere: ESL: Effective student load (equilavent stu-
aerts per time period--year).

FCH: Instructor student contact hours {spent
in other than flying) per student flight
hour, flight instruction.

FDH: Factor for instructor primary duty hours
per student contact hour, flying training.

FHI: Average instructor flying hours per stu-
dert flying hour, flying training with
aircraft mcdel 1.

FHSi: Student syllabus flying hours, by aircraft
model 1.

FIMYi: Instructor man-years flight training por-
tion vith aircraft rodel 1i.

FNPI: Instructors' nonproductive training time
factor other thin f£lyilng--flight training.

0DHO: Officer avallability factor.
ROMY: Officer duty hours per man-year.

g. Instructional support personnel (man-years per year).
ISP=f(AIMY,ESL)

Vthere: AIMY: Instructor man-years academic training portion.

ESL: Effective student losd (equivalent students
per time period--year).

ISF: Tnstructional support perconnel required (man-
yewrsy.
Instructioral suprort personael are da2fined as eniisted verson-~
nel providing direct support to the training program in such
areas as maintenance and operation ~f libraries, maintenance
of student records, and curriculum materials and training

supplies.
10. Aircraft maintenance personnel assoclated with each

aircraft model (1) used in the training program.

(MNHA ) (MPT) (14MSP)
(NEMY ) {GONE"

A”Pi = (FHTi)
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Where: AMP.: Aircraft hLase maintenance man-years, alrcraft
model 1.

FHT.: Total aircraft utilization, flying hours per
year for aircraft nodel 1.

MMHAi: Aircrart mailntenance man-hours flying hour,
ailrcrait model 1.

MPT: Jrect maintenance productive time factor.

MSP: Indirect maintenance personnel factor--the ratio
of direct maintenance personnel to indirect
personnel (such as supervisory, tool crib and
maintenance, etc.).

NEMY: Non-rated enlisted duty -hours per man-year.
ODHE: Enlisted personnel availability facter.

Lote that maintenance persornnel required is adjusted tc account
for idle or non-prouuctive time {part and tocl availability)
ard for maintenance support (tool crib, supply personnel, etc.).

11. Sinulator operatlons personnel assoclated with each
simulator model (i: used in the training program.

Set SCRi as the number of simulator operations crews
required for ¢ach simulator fielded, based on the number of
shifts operated.

If SUR;

NEMYV(oDREY < | then SCR,=]

SUR; 5 2 SCR;=3
TNEWY) (ODAE)

- \
and SOPi (SOSi)(SIRi)(SCRi,
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Where: NEMY: Non-rated enlisted duty hours per man-y~ ar.
ODHE: Enlicted persomnnel avallability factor.
SCR,;: Nui.cer of simulator orerations crews required,

1 simulator model 1.

SOSi: Simulator operator crew size simulation train-
ing with simulator 1i.

SIRi: imulator inventory required, simulator model 1.

SOPi: Simulator operations man-years, simulator model
i.

SURi: Simulator utilization rate per simulator, hours
per year for each simulator of model 1.
12. Simulator mairtenance personnel asscciated with eac
simulator model {1) used in the training progran.

(MMHS . ) (MPT® (T+MSP)
SMP1 (SHT ) —__7§fﬁ77TﬁﬁﬁfT—__—

Where: NEMY: Non-rated enlisted duty hours rer man-year.
OVHE: Enlisted personnel availability factor.

MHHSi: Simulator maintenance man-hours per flying
hour  simulator model 1.

MPT: Direct maintenance productive time factor.

MSP: Indirect maintenance personnel factor-~the ratio
of direct malntenance personnel to indirect
personnel (such as supervisery, tool crib and
meintenance, ete.)

SHf.: Total simulator» utilization,. hcurs per year
for simulator model 1.

SMP.: Simulator base maintenance man-years, simulator
model 1.

13. Univ command/administration personnel.

<

>

(=]
i

(CAOP) * f (ESL,ZFIMYi + JSIMY, + AIMY)
i 1

CAE TAOP
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Where: AIMY:
CAE:

CAQ:
CAOP:
ESL:
FIMYi:

SIMYi:

Instructor man-years academic training.

Training unit cummand/administration enlisted
personnel requirement.

Training unit command/administration officer

personnel requiremant (assumed to be ali rated).

Training unit comnand/administration personnel
officer ratio.

Effective student load {equivalent students
per time period--year).

Instructor man-years flight trainirg portion
with alrcraft model 1.

Instructor man-years simulator training, simu-
lator model 1%.

This is assumed to be some function of the level of trailning
activity as measured by either the student load or the total
number of instructors required (or both).

14. Base opersting/medical support personnel.

BOSO = (BOS)(BORA) [Z(FIMYE+AMPi) + Z(SIMY,+SOP1+SMPi) +
i i '

AIMY+ISP+ESL+CAO+CAE]

BOSE = lléﬂgRA . (B0OSO)

Where: AIMY:

AMPi:
BORA:

80S:

BOSE:

BOSO:

CAE:

CAQ:

Instructor man-years academic training portion.

Aircraft base maincenance man-years, aircraft
model 1.

Base operating/mediczl support personnel,
officer ratio.

Base operating/medical support personnel rate
(base support personnel as a fraction of
training personnel).

Base operating/medical support enlisted person-
nel requirement.

Bao. operating/medical support officer person-
nel requirement.

Training unit command/administration enlisted
personnel requirement.

Training unit command/administration officer
personnel requirement (assumed to be all rated).
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FSL: Effective student load (eguivalent students
per time period--year).

FIMYi: Instructor man-years flight trezining portion
with alrcraft model 1.

ISP: Inscvructional support personnel required
(man~years).

SIMY%: Instructor man-years simulator training,
simulator mode:r i.

SMPiz Simu’ator base majintenance man-vears, simu-
lator model 1.

SOPi; Simulator operations man-years, simulator
medel 1.
15. Pay and allcwances of personnei. Pay and allowances
¢f personnel associated with ten different functicns encompassed
by the trzining program are grouped together here.

Students:

PAST = (ESL)(PRST)(DTP)

{(The appropriate pay and allowance rate will
vary with the level of traianing and whether
the seat truined for is occupled by officer
or enlisted personrnel.)

Flight instructors:

PAFI = ] (FIMY)(PRRO)
1

(Flight instructor pay and allowances is the
total across all alrcraft models employed
in the training program.)

Simulator instructors:

PASI = ] (SIMYi)(PRRO)

]

(This 1s a total across all simulator models
used in the training program.)

\O
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Academlc instructors:

PAAI

)]

(AIMY)(PRRO)
Insvructional support personnel:
PAIS = (ISP)(PREN)
Aircraft maintenance personnel:
PAAMi = (AMPi)(?REN)
(Stratified according to aircraft model 1i.)
Simulator maintenance personnel:
PASMi = (SMPi)(PREN)
(Stratified according to simulator model 1.)
Simulator operations personnel:
PASBi = (SOPi)(PREN)
(Stratified according to simulator model 1.)
Training unit command/administration parsonnel:
PACA - (CAO)(PRRO) + (CAE)(PREN)
Base operating/medical support persconnel:

PAOB (BOSO) (PRNO) + (BOSE)(PREN)

Where:
AIMY: Instructor man~years academic training portion.

AMP,: Aircraft base maintenance man~years, aircraft
model 1.

BOSE: Base operating/medical support enlisted personnel
requlrement.

B0SO: Base operating/medical support officer personnel
requirement. ’

CAE: Training unit command/administration enlisted
perscnnel requirenent. .
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CAOQ:
DTP:
ESL:

FIMY:
ISP:
PAATL:
PAAMi:

PACA:

PAFI:
PAIS:

PAQB:

PASI:
PASMi:

PASO:

PAST:
PREN:
PRNO:
PRRO:
PRST:

SIMYi:

SMPiz

SOPiz

Training unit command/administration officer
personnel requirement.

Duration of training program. (Prcportion of z
year.)

Effective student load (equivalent students per
time period--year).

Instructor man-years flight ctraining portion.
Instructional support personnel required.
Pay and allowances cf academic instructors.

Pay and alliowances of aircraft maintenance perion-
nel associated with alircraft model i.

Pay and allowances of training unit command/
administration personnel.

Pay and allcewances of flight 1lnstructors.

ray and allowances of instiructional support
personnel.

Pay and allowances of base operating/medical
support personnel.

Pay and allowances of simulato, instructors.

Pay and allowances of <imulator maintenance
personnel assoclated with simulator model 1i.

Pay and allowances of simulator operations
persoanel.

Pay and allowances of students.

Pay and allowance rate~-enlisted.

Pay and allowance rate~-non-rated officer.
Pay and allowance rate--rated officers.
Pay and allowance rate--students.

Instructor man-years simulito> training, simulator
model 1.

Simulator base maintenance man-years, simulator
model 1.

Simulator operations man-y=ars, simulator model 1.

16. Cost of training device maintenance and replacement.

B

TOMC = f(ESL, TDI)
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Where: ESL: Effective student load (equivalent student per
time period--year).

T01: Inventory vaiue of unspecified training devices
(or value per studernt enrolled).

TOMC: Cost of training device maintenance and
replacement.

(In tie context of this paragraph training devices are
defined as relatlvely smal1l or low value devices normally
associated with academic training and that may be of
generzl use in a number of training programs. They are
not the large complex devices though capable of replacing
flying time that are normally assoclated with the term
"simulator". Maintenance requirements would logically

be related to the value c¢f the inventory reqguired for
training and the amount of use they receive--approximated
by the effective student load.)

17. Cost of expended training materials.

TMC = (ESL)(TMS)

Where: ESL: Effective student load (equivalent student per
time period-~year).

TMC: Cost of expended training materials.
TMS: Per student cost of training materials cousumed.

18. Cost of training munitions expended.
TMUR = (ESL)(MUNS)

Where: ESL: Effective student load (equivalent student per
time period-~year).

MUNS: Syllabus aliowance of training munitions per
student.

TMUN: Cost of training munitions expended.

19. Aircraf¢ base maintenance material cost, alrcraft
model 1.

AMTL, = (AFHC,)(FHT,)
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Where: AFHCi:_ Aircraft base maintenance material cost per
flving hour, aircraft model 1i.

AMTLi: Aircraft base maintenance material cost, air-
craft model 1.

FHT.: Total aircraft utilization, flying hours per

! year for aircraft iiodel 1.

(Consisting of POL, replenishment spares, and other base
maintenance materials.)

20. Alrcraft depot maintenance cost, aircraft model 1i.

Transition and ¢ontinuation training

ADM, = (ADFH.)(FHT,)

Undergraduate training

ADM; = (ADFH,)(FHT,) + (ADUE;)(AIR;)

Where: ADFHi: Aircraft depot maintenance cost per flying

hour, aiircraft model i.

ADMi: Aircraft depot maintenance cosf,, aircraft
model 1.

ADUE: Aircraft depot maintenance cost per u.e., air-
craft model 1. (That portion of depot cost
that 1s independent of the level of flying
hours).

AIRi: Aircraft inventory required, aircraft model 1.

FHTi: Total aircraft utilization, flying hours per
year for alrcraft model 1.

{Aircraft depot maintenance cost 1s generally considered

tc be composed of two components--those costs that are a

function of the existence of aircraft in the inventory

ard those costs that are a function of the number of

flying hours. Both components are considered applicable

to undergraduate training, but only the latter to transi-
ional and continuation training.)

1. Simulator base maintenance material cost, simulator

mod=1 %.

SMTL, = (S?Mci)(SHTi) + (SFMCi)(SIRi)
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Where: SFMCi: Simulator fixed basermalntenance material cost,
simulator model 1.

SHTi: Total simulator utilization, hours per year
for simulator model i.

SIRi: Simula.or inventory required, simulator model
1.

SMTLi: Simulator base maintenarce ma‘erial cost,
simulator model 1.

SVMCi: Simulator variable base maintenance material
cost, simulator model i. (This 1is considered
to include supplies, utilities, and other
services).

(Bota simulator base material and depot costs, below, are
sonsidercd to vary with the number of simulators flelded
and the total hours they are operated.)

22. Simulator depot maintenance and modification cost,

simulator medel 1.

SDMi = (SVDCi)(SHTi) + (SFDCi)(SIRi)

Where: SDMi: Simulator depot malintenance and modification

cost, simuletor model 1.

SFDCi: Simulator fixed depot maintenance cost, simu-
lator model 1.

SHTi: Total simulator utilization, hours per year
for simuiator model 1.

SIRi: Simulator inventory required, simulator model
i.

SVDCi: Simulator variable depot maintenance cost,
simulator model 1i.

(Simulator depot maintenance does not necessarily imply
that work 1s physically performed at depot locations.
For large fixed simulators work would generally be per-
formed in the field by travelling depot or contractor

teams).

23. Cost of student (»nd instructor) temporary duty for

simulator training.

TMPD = [(DAY)(PERD)(ﬁSL) + (TRIP)(CPT{} (1+INSR)

99




e AN T AT S IS oyt aonents 1 e v o

Where: CPT: Cost per round trip for simulator training.

DAY: Student days of temporary duty (for simulator
training, per student).

ESL: Effective student ioad (equivzlent studenvs per
time period--year).

INSR: Simulator training travel--student/instructor
ratio.

PERD: Temporary duty per diem rate.

TMPD: Cost of student temporary duty for simulator
training.

TRIP: Number of trips required {(per year) for simu-
lator training, per studzsnt.

(At least three simulator deployment strategies may te
followed: 1. each training base has its own complement
of simulators; 2. movil simulators travel tc student
locations; and 3. students travel! to simula.or locations
for training. Which of these three Is efficlent will
depend, among cther things, on the level of simulatocr
utilization. The first strategy will maximize the number
of simulators and their attendent procurement and opera-
tions costs. The last will miaimize the number of
simulators (subject to some maximum utilization rate) at
the expense of student and instructor travel. The strategy
assumed w1ill simultareously impact on simulator procure-
ment cosis (paragraph 27), simulator utilization (para-
graph 5) and this relation.

24, Cost of facilities maintenance materials.

FMM

]

(FMF) [Z(FIMY,-’fAMP,-) + J(SIMY +SOP +SMP.) +

i i
AIMY + ISP + ESL + CAQ + CAE + BOSO + BOSE]

Where: AIMY: Instructor man-years academic training portion.

AMPi: Aircraft base maintenance man~years, aircraft
model 1.

BOSE: Base operating/medical support enlisted person-
nel requirement.

BOSO: Base operating/medical support officer personnel
requirement.

CAE: Training unit command/admin. enllisted personnel
requirement.
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CAOQ: Training unit command/administration officer
personnel requirement (assumed to be all rated.)

ESL: Effective student load (equivalent students per
time period--year).

FIMY: Instructor man-years fiight training vortion.
FMF: Facillities malntenance materials factor.
FMM: Cost of facilities maintenance materials.
I1SP: Instructional support personnel required.

SIMY.: Instructor man-years simulator training, simu-
lator model 1.

SMPi: Simulator base maintenance man-years, simulator
model 1.

SOPi: Simulater operations rman-years, simulator model
i.

{This is a conventional formulation for an item of rather

minor costs.)

The previous 24 paragraphs have been concerned only with
levels of training activities and recurring (i.e., annual) oper-
ating costs. The form of these relationsnips would remaln essen-
tially the same whether costs were estimated for a single air-
araft type or for many simultaneously. The following fcur
paragraphs are concerned with one-time or investment costs.

Here the manner in which costs are determined, and their inter-
pretation, might differ significantly.

Indeed, the exact meaning of investment costs for a
single ailrcrafy 1s open to quastlion. What investment cost
are relevant to the particular problem addressed? Are capital
items properly amortized over a system's life-cycle and!added
to operating, costs or should they be considered a one-time
outlay and sunk? What is appropriate depe. ids upon study con-
text and differs from case to case.

The rrlationships glven below are generally appropiriate
to the single-ailrcraft approach. The way they are written is
consistent with the assumption that investment is a one-time
expendliture and separately identified rather than being amor-
tized and charged year by year to system operations.
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25. Cost of training device procurement.

f(ESL)
f(T01)

TDOPC
TDPFC

Whera: ESL: Effective student load (equivalent students

per time pariod--year).

191: Inventory value of unspecirlied training
devices (or value per student enrolled.)

T0OPC: Training device procurement cost.

{(Currently available data appears to shed little or no
light on training device inventorles. Were lists of
device inventories avallable they might be used directly,
as in the second relationship. They might also provide
the tasis for developing a general relationship hased on
numbers of students, as in the first relationship.)

26. Cost of aircraft procurement/attrition, aircraft

model 1.

ACPAi = (FHTi)(ACARi)(ACUCi)
ACPAi = (AIRi)(ACUCi)
Where: ACARi: Aircraft attr.tion rate, aireraft model i.

ACPAi: alrcraft procurement/attrition cost, aircraft
model 1.

AIRi: Alrcraft inventory required, aircraft model 1i.

ACUCi: Ajrcraft unit procurement cost, ailrcraft model
1.

FHTi: Total aircraft utilization, flying hours per
year for aircraft model 1.

(Costs of both attrition and procurement are relevant only
to ailrcraft systems for which acquisitlon has not been
completed. Aircratt used in continuatlion and transition
training genei:ally have mobilization assignments, and the
appropriate cost would be limited to aircraft lost during
training that are, therefore, not available for mobiliza-
tion. Since aircraft with training missions only would

102

AP 4 v g ns




p§ not be procured except for that mission the fulil cost of
the total buy 1s a proper cost even though they are not
wholly consumed during the model time horizon).

27. Cost c¢f simulator procurement, simulator model 1.

sIP, = (SIRi)(SIJCi)

Where: SIPi: Simulator procurement cost, simulator model 1.
SIRi: Simulator inventory reguired, simulator model
i.
SIUCi: Simmlator unit procurement cost, simulator
model 1.

28. Cost of training program development.

TPD = TPD
Where: TpD: Training program development cost.
% (For the purposes of this paper, costs of program develop-

ment are taken as given.)
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VII. [INFORMATION SOURCES AND AVAILABILITY

This chapter addresses the avallavility and sources of
information that may provide inputs to the model described in
Chapter VI. In no way can this examination be considered
exhaustive. Reflecting upon the scope of the topic and the
resources avalilable for the project, it was declded early-on to
consider only Information that 1is elther systematically reported
or generally available to millitary department headquarters.
Within this constraint, there 1s undoubtedly a large volume of
data that might provide useful inputs that could not be investi-
gated. Still larger volumes of-potentially useful data certainly
resicde within operating commands that could not be investigated,
and here, neither uniformity in what is collected nor consistency
ir how it is treated can be couanted on. Properly addressing this
mass of information can only be accompllshed by an extersive
effort.

A second impact of the short time frame is that the model
could not be modified from its initial formulation according to
the results of this limited data search. A normal sequence in
such a project is to formialate a first approximation model to
serve two purposes; first, to serve as a framework for an initial
evaluatior of data, and second, to provide an explicit vehicle
for assessing the iogic and propriety of the estimating method-
ology in the light of data found avallable. Data evaluation
can be expected to identify deficlencies in and indicate changes
to> the model. (Some data elements may simply not be available.
Others may be accessible, but their formats may be inconsistent
with the model. New or uranticipated sources and forms of data
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may be rncovered that permit expansion cr refinement of the
astimating process.) This 1s an iterative process, but, fo
date, nothing more than the first go-around has been accom-
plished--the initial formulation and first data search within
the limited domain « £ headquarters offices.

Note that this chapter is formatted as a serles of ref-
erernce tables rather than text. The input elements of the
model have been gathered into seven categorles, and each com-

prises u separate sectlon, as follows:

Section Category Page
A Training Load 107
B Syllabus 112
¢ Aircraft 117
L Simulator 123
E Personnel, Training 126
Peculiar
F Personnel, General 129
6 Other 134

At the beginning of each section is a table listing eash item and
referencing {by service ana training level) a paragraph within
the section at which 1ts discussion 13 to be found. A sample 1s
shown in Table 23. The shaded cells denote thiat, within the
model assumptions, a datum 1s not applicable to a glven service
and tralning level. The letter 'A' denctes that a datum is
wholly a study assumption; that 1s, service managzment and data
systems are irrelevant in formulating i1ts vaiue. A questlon mark
(?) indicates that the information 1s considered relevant; intui-
tively it is felt that appropriate or limlting vzlues could be
developed from current service accounting or information systems,
Lut nc hint of where or hcw to develop it was gleaned from this ‘
study. The letter 'U' indicates a datum that, although relevant,
does not appear to be available from current accounting and
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information systems. (Wherever convenient the discussion has
been consolidated across data elements, service, and training
level.)

A. TRAINING LOAD INFORMATION (Yable 24)

The relationships developed in Section C of Thapter VI
employ two baslc training load parameters; ESL (effective
student load) and NAC1 (number of aircrews assigned to combat
unlts, alrcraft i). The input items shown in Table 24 allow
for the derivation of thelr valves as described in Section A of
Chapter VI. However, between Sections A and C the symbols by
which these two parameters are ldentified differ, since different
relationships are used to estimate student load according to
level of training. The reconciliation between the different
symbology 1s as follows:

Relationship Section C Section A

Number of Aircrews NACj CL = (FL)(CR)
studons 1oaa - e e gy o = ()G cc,)
Stgent Load DS e T = WG/ - )
Stggggzaigairgiﬁgg?‘— ULi - (DRi) %‘[(FLa)(CRa)(CCj,i)}/

Ncte subscript nomenclature
J: aircraft model
i: crew seat

1. The only crew rating in Army avalation is pilot, and
the number of pilots per crew for all existing aircraft types
is given in the Army Aviation Planning Manual (FM 101-20). For
future buys this information could be obtained from the system
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coordinators in the Aviation Systems Division of DCS Research,
Development, and Acqulisition.

2. For Navy and Air Force systems this information is
found in USAF Cost and Planning Factors (AFR 173-10) and the
Navy volumes of 3tandard Aircraft Charzcteristics. Two problems
should be recognized with these sources. In the case of the
Ajr Force, information is given in terms of officer and eniisted
only rather than crew speclalty and may not be complete as to
alrcraft model. In the case of the Navy, the information 1s not
given for some aircraft. This can't be considered a serious
problem, as crew composition 1s 1in the nature of "common know-~
iedge®, certainly obtainable from any squadron operating the
aircraft. For new aircraft, information would be obtainable
from program monitors (at headquarters levels) or from system
project offices (USAF Aeronautical Systems Diviszion and Naval
Air Systems Command).

2 Army aviation

1
- ea wmea

units are nct manned in terms of crew
ratios, however 4 proxie could be developed from Tables of
Organization and Equipment (TCE), at alternative strength

levals.

h, Crew ratios, by alrcraft model, are developed by the
Aviation Program Manpower, Tactical Air Training, and Air ASYW
Training Branches of the Aviation Manpower and Training
Division, Deputy CNO for Air Warfare (NAVOP 597. 593, and 594).
They are transmitted to cther Naval offices by way of letter
only.

5. USn' crew ratio standards, by aircraft type and com-
mand, are given in the same table of USAF Cost and Plaznning
Factors (AFR 173-10) as crew ccmposlitions. Since this table
is updated at irregular intervals, 1t may present problems of
timeliness {as well as completsness); a better scurce would
be the headquarters of major operating commands.
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6. Informatlon on fiight status disqualification rates
could not be fcund; however, general rates of officer personnel
turnover are given in the Army Forece Planning Cost Handbook
(Directorate of Cost Analysis, Comptroller of the Army) and USAF
Co:t and Planning Factors (AFR 173-10). Personnel in the Army
Directorate of Cost Analysis expressed a bellef that they would
not be significantly diffevrent and the general rate would serve
as an acceptable lower bound.

7. Similar to the Army and Alr Force, the Havy appears to
keep no formal records of flight status disqualirfication. How-
ever, individuals in the Aviation Manpower and Training Division
(Dep-ity CNO for Air Warfare) develop insights into the vroblem
as a resnlt of their normal workload. The pattern of loss they
project is not simple--being tied to obligated service, promo-~
tion zr , and rank.

Force level projections for all three services are made
for seven to fifteen years into the future. In the case of the
Navy and Air Force, the projections are scratified by aircraft
type and program element and show both inventory and flying
hour proiections. Tha liavy prolJection is published as tne Air-
craft Proegram Data ¥iie in the (:rm of a line-printer cutput
by the Aviation Prograas Division of Deputy CNO Tor Alr Warfare
(OPNAV 511). The Air Force projection is puvlished as =he
'PAt'--0one of the formal P series of Alr Force Planning Jocuments.
The Army projection resides in a computer data file that is part
of the "Structure and Composition" subsystem of he Army 'Force
Accounting System' malntalined by the Force Accounting System
Division of DCS for Operations and Plaans. The format of this
projection is uncertain, since the material was not avallable to
this study.

9. Rotation rase has some characteristics of program .
assumptions. The services have general guidelines on rotation, §
but actual assignment auracions may be quite different, and
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vary over time. T™urther, the reasons for varlatiocn can be
many--ranging from overall budget considerations to individual
sk1ll and experience levels. The only written information

found was a listing of recommended first tour lengths for

fiscal year 1977 for Navy pilots and flight officers (contained
in a jetter from the Avie‘ ion Manpower Programs Branch, Aviation
Manpower and Training Division--OPNAV 59). The recommended tour
lengths appeared to be a secondary consideration to mzintaining
criteria experience mixes by aircraft and squadron type.

10. Army training attrition for undergraduate training
(experience and projections) may be found in two sources. The
first is a report (Form 886 Service Training Report) transmitted
monthly from all training establishments to the Training and
Doctrine Command where it is consolidated and passed on to the
Director of Military Personnel Management, DCS Personnel, Head-
quarters, Department of the Army. It provides student inputs
and outputs stratified by training course and personnel category
(officer, warrant, enlisted), from which attrition rates can be
developed. The second source 1s budget submission materials
ccentaining the same information i1tems projected over a three-
year time horizon and submitted to the same office. (The Army
appears to experience insignificant attrition for transition
training.)

11.  Attrition associated with transition training 1is
repcrted to the tactical and ASW Air Training Branches of the
Aviation Manpower and Training Division (Deputy CNO for Air
Warfare) on a monthly basis, along with other data. This
information does not appear_.to be nublished in any other fcrm.

12. Air Porce student attrition for all training (by
instailation, school, and course) is reported annually to the
Directorate of Management Analysis, Comptroliler of the Air
Force. Reporting of incurred tralning costs (along witn




specification of reperting formats) is a requirement of Air

Force Regulation 173-7, Formal Training Course Cost Report.

13. TGUudergraduate flight training attrition factors are
developed by the Commander of Naval Avliation Training. This,
along with other training cost du‘a, is used for justification
of budget submissioun, bur it is informally passed on to the
Jndergraduate Flight Training Branch of the Aviation Manpower
and Training Division, Deputy CNO for Air Werfare (OPNAV 591).

B. SYLLABUS INFORMATION (Table 25)

Syllabus is usel here as a. general term to include all
written materials that specify or descrike training program
events, evaluation criteria, performance standards, etc. Docu-
ments serving this function are associated with a number of
different names such as phase manuals, mission guides, tralning
manuals. They are aisc frequently identified simply as rnumbsred
manuals, directives, regulations, etc. and are difficult to
“dentify in publication indexes. (Indeed, many such sources
are not identified in standard publication indexes.)

Documentation is extensive for a given training program,
and considering the number of flight training programs, the
total of syllabus type publications might fill a fair-sized
library. This project could hopc for no more than a light
sampling of existing documentatior. In fact, they preved to
be generally vanavailable at headquarters levels, and the
sample actually obtained (primarily from the fleld) cannot be
considered as adequate for anything but rudimentary generalira~
tions. From this small sample, though, it appears that formats
have not been standardizcd {(with tho possible exception of Army
material) with respect to either what information constitutes a
training program specification or how it is organized.

e, Ampgatec s x
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1. C(Class size refers to the number of students in 2 class-
room at one time--rather than the size of an entry class (the
nurber beginning training on the same date). The intent is to
measure the instructor recources expended per student--similar
to a.: average student/instructor ratio. 1In either case, sylla-
bus materials are generally silent. The only exception in the
syllabi received was for the F-14, that showed a maximum class
size (although this appeared to refer to the size of the entry
class).

Planned Air Force aund Navy entry class sizes, by date of
entry, for periods of roughly a year are published in other
documents for undergraduate and transition training. The Air
Force projections are contained in "Progiram Flying Training"
(PFT) volumes developed by the Air Training Command and the
operating major commands., Navy projections are developed at
Headquarters by Deputy CNO for Air Warfare (OPNAV 591, 593, 594)
and distributed in the form of OPNAVNCTEs or letters. How well
this information can be translated into class sizes (in the
sense of instructor/student ratios) is questionable. HLowever,
considering the cencralized nature of all Army flight training
and the centralized command structure of Navy and Air Force
undergraduate training, 1t 1is felt that class size data should
be avallable from Ft. Rucker, Alr Tralining Command, and Commander,
Naval Eduction and Training (or Commander, Naval Air Training).

2. Syllabi for formal training courses (undergraduate and
transition) uniformly con’ain statements of course hour require-
ments. Flying hours were shown in all syllabi seen. However,
in some cases only student hours were shown and in others
instructor hours (chase aircraft, etc.) were included. 1In all
cases, though, syllabi provide? statements of academic hours,
simulator hours, and training program duration.

Actual flying hours expended above those specified as the
standard for student instructiovn are generally classified as
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overhead flying. Requirements for overhead flying arise from a

number of sources, including student reflies, instructor cur-
rency, equipment check-out, and mission abort (from any cause).
The Navy closely monitors overhead flight and, especially, that
portion due to student failure and mission aborts. In one case,
the F-14, both the level and a percentage breakout of overhead
flight was contained in the syllabus. Overhead flight rates for
undergraduate training are included in the information normally
reported to the Undergraduate Flight Training Branch of the
Aviation Manpower and Training Division, Deputy CNO for Air War-
fare (OPNAV 591).

For the Army and Alr Force, overhead flyirg information is
very sketchy, although intuitively it must be closely tracked
and avallable somewhere. A single total for overhead Tlying,
by training course, can be developed for Alr Force single-seat
training by ccmparing the syllabus standard with the actaal
hours logged and number of graduates as reported on Air Force
Form 611 (a requirement specified in Air Force Regulation 173-7,
Formal Training Course Cost Report).

Munition expenditures appear to be a standard syllabus
specification for Army and Air Force training. However, 1t was
not included in the Navy syllabl available.

3. Documentation of continuation training requirements 1is
normally assoclated with publications designated as instructions,
regulations, etc., rather than syllabl or training programs. In
addition, they do not approach documentation of undergraduate or
transition training in terms of completeness or formality. “he
only document found addressing Army continuation flying 1s Army
Regulation 95-1 (Army Aviation: General Provisions and Flight
Regulations). It 1is not specific, by aircraft type, but is
undergoing a revision and expansion that will recognize dif-
ferences by aircraft mission. The current regulation specifies
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annaul and semi-annual maximum and minimum flying hours for the

t~1lowing flight categories; total, night, instrument, and

tactical. The only other flight requircments it contains is a

list:.ng of maneuvers to be performed (and the numver of times
each shall be performed) within the minimum and maximum times
alloved. The Army has permitted ¢ maximum of 10 flight hours
per year 1o be substituted by simulator time,

of thiz is uncertain since the Army simulator
getting startad.!

aithough the impact

program is just
With this sketchy requirement there is no
way to determine requiremenis for training munitions.

Navy continuation flying is outlined in general terms in

OPNAV Instruction 3710.7H {(NATOPS General Fiight and Operating
Instructions).

Further requirements are developed by the fleet
commanders. For the Atlantic Fleet, CNAL Instruction C3500.42B
levies monthly flying hour requirements according to type of
squadron (attack, patrol, etc.) and deployment phase. For the
Pacific Fleet, CNAP Instructlon C3500.4D references syllabl
developed by squadron or base level units to be followed by

type of squadron, along with cpeciflc requirements for fighter
and attack squadrons. Ko examples of these syllabl were ob-
tained, and it is unknown whether simulator or munition require-

ments have been dccumented for either the Atlantic or Paciflice
fleet programs.

Alr Force continuation training is documented in the '51
series manuals by alrcraft type. These are 1ssued by the oper-
ating major commands and there appears to be little 1in the way
of common format between tne commands. Two examples were ob-
tained. In one case, thz manual gave

courses.

mly references to tralning
It is assumed that these course references also ldentify

ISince this Information was first gathered, AR 95-1 has been reissued with
an effective date of 15 January 1977, providing for an annual minimen
stmulator training requirement at a considerably higher level than the
anmual maximum specified in the previous AR 95-1 version.
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documents, but this could not be determined from the way the
manual was aritten. This appears to be a case where one has to
know the system to make sense out of it, and this prcject did
not permit that kind of time. The second manual is written in
terms of sortie standards (for both ailrecraft and simulators)
but provides little description of the purpose of the sorties.
For aircraft with short flight durations (s was this case), a
sortie may closely equate to flying hours, but this can hardly
be assumed as & general rule.

In the case of both the Air Force and the Navy, total pro-
grammed flyling hours may be obtalned from the basic planning
documents (the PA in the Air Force case and the P-20 report
for the Navy). This data might be reduced to approximate hours
per crew through a knowledge of crew ratios, support aircraft
requirements, etc. Although these hours include a mix of
purposes for flying, 1t mignt prove to be the better data avail-
able,

As with the Navy, there were no data uncovered to shed light
on munitions requirements.

C. AIRCRAFT INFORMATION (Table 26)

Aircraft informaticn 1is pretty well centralized in two
publlications, one for Army systems and one for Air Force systems.
For the Army, the primary reference is Fleld Manual 101-20
(United States Army Aviation Planning Manual). The primary
source of Air Force informaiiun is Alr Force Regulation 173-10
{USAF Cost and Planning Factors). Information on Navy systems
is spread over a number of sources.

The information contained in FM 101-20 is compliete in the
sense thst 1t pertains to all Army systems currently in the
inventory. However, it prcvides no projections or estimates of
future system characteristics, and it provides only general
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factors by alrcraft model. (That 1s, no distinctions are made
on the vasis of mission or unit assignment.)! With one excep-
tion the Navy data 1s similar--historical information on all
current aircraft models is avallabie. The cne exception con-
cerns alrcraft inventory and utilization where projections for
up to 10 years in the future by model and mission are available
in the Aircraft Program Data File (APDF). The information con-
tained in AFR 173-10 is neither complete with regard to air-
craft models covered nor limited to historical data. Particular
emphasis is given to first line combat mission aircraft and
incorporates estimates of operatirig cost factors for aircraft
where future procurement 1s anticipated. This impacts on air-
craft used in undergraduate training and training support roles.
Several aircraft are completely missing and data 1s typically
incomplete on others.

1. Aircraft attrition rates (historical) may prove useful
in developing analogies for estimating anticlpated attrition of
new models. Navy and Air Force data is shown in terms relating
attrition to flying hour levels~-AFR 173-10 for Air Force
systems and through the Aviation Safety Coordinator (NAVOP-05F)
located under the Assistant Chief of Naval Operation for Alr
Warfare. Army attrition data is related to inventory holding
rather than flying-hour levels. Army personnel state that their
comparisons indicate use of flying hours (instead of or in adadi-
tion tc inventory levels) ylelds no improvements in predicability.

2. Each of the services maintain acquisition program monl-
tors at headquarters levels that can provide current procurement
cost estimates through liaison with system project offices. For
Army systems, these are the Department of the Army System Coor~
dinators (DASC) located within the Aviation Systems Divislon

3ince Army aviation training is centrally located (Ft. Rucker, Ala.)
differences between training and combat wndts might be relatively easy to
ascertain.

|
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of the DC3 for Research, Development, and Acquisition. For Navy

|
systems, they are called program coordinators and located in the ;
Aviation Flans and Requirement Division of the Deputy CNO for ‘
Air Warfare. Air Force Program Element Monitois (PEM) are with- |
in the Directorate of Development and Acquisition under DCS

Research and Development.

3. Maintenance costs and man-hour requirements at all
maintenance levels are published in FM 101-20. These data are
develoyed by the Directorate of Cost Analysis of the Comptroller
of the Army. Since FM i01—20 is published irregularly, the Cost
Analysis Direciorate personnel provide a better source of current
information. There are two uncertainties involved in the appli-
cation of these data. First, both depot cost arnd base level
material cost may exclude avionics and armament systems, and
base maintenance labor definitely excludes these systems. Other
tables in the manual list costs for these systems at all levels
of maintenance, but according to end-item designation (such as AN
number) rather than aircraft model. As a result, resort to list-
ings of typical avionics and armament sultes, also shown in FM
101-20, would be required to determine total maintenance coasts.
Second, although depot maintenarnce cost is nominally stated in .
terms of "per-flying-hour", it ls actually based on the assumption
of j-year overhaul cycles. This ralses a question of whether depot
costs should be corsidered dependent upon flying hours or inventories,

and there 1s no good answer.

4., FM 101-20 provides flying-hour levels by alrcraft
model, but no distinction is made between aircraft held in
combat organizations and the training establishment. From the
POM back-up material discussed in Chapter 2, there 1s reason to
believe that differences may be significant. Histcrical flying
hour data by both model and command (that would separate traln-
ing from operations) can be obtained from the Army Aviatiun
Status Report (or Gold Book--issued monthly by the Aviatlon
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Logistics Office, DCS for Logistics). However, cach issue con-
tains a single month's data, ana a conslderable effort would be
{nvolver in verifying such a difference.

5. Naval alrcraft depot maintenance costs are reported
annually in the Industrial Performance Summary for Naval Air
Rework Facilities. For a number of reasons, this data does not
provide useable inputs for estimating training costs. Englne re-
work costs, by engine model, are reported separately from airframe
cost, by aircraft model. Costs of component and accessory re-
work (that appear to aceount for a sigaiflicant share of depot
workloads) are reported in separate reporis, and then only hy
national stock number. The Navy is currently developing a sysS-
cem for assoclating components with aircraft model, but even if
this system becomes a reporting norm, extensive data analysis
would still be required pefore total rework could be estimate.d
hy ailrcraft model. Further, rework planning and reporting 1is
predicated ¢n eriteria time intervals between overhaul. There
appears to ke no way 1,0 associate incurred costs with flying
hours without extensive analysils of additional data sources.

6. Bese maintenance materials cost, aircraft inventory,
and flying hours are reported monthly (with annual summaries)
by aircraft model and program element in the Flying Hour Cost
Reporv. 1t i1s available only in the form of a line-printer
output from ths Aviation Program Divisions of the Deputy CNO
for Alr Warfare (NAVOP 51i;.
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7. Historical flying-hour rates are contalned in the
Flying Hour Cost Report (see 6., above). Projecctions of future
flying rates can be obtained from two sources. The first is

a line-printer output called the P-20 Report pr~cduced by the
Aviation Program Division of the Deputy CNO for Air Warfare.
This report is tled to th= Five-Year Defense Plan and includes
the current year actuals and four or five years of projected
rates by aircraft model and program element. The second

source is the Aircrart Prozram Data File--alsc a line-prirter
outpwt produceu by the Aviation Program Division. It provides
essentially the same information, but for a period extending 11
vears 1Into the future.

8. So far as could be determined, there 1s no data avall-
ible, Navy-wide, concerning maintenance man-hours. However, the
Commander of Naval Education and Training (CNET) or the Com-
mander cf Naval Air Training (CNATEA) appears to have developed
factors relating incremental student loads to incremental
manpower requirements asscciated with undergraduate Tlieght
training. These are part of what is called "CNET factors”
and are used by CNET or CNATRA in preparing budget estimates.
Aireraft maintenance manpower estimates are relevant caly for
undergraduate training, ard the factors should be worth further
investigation as a source of field-developed information.

9. AFR 173-10 lists depot maintenance costs (on beth a
flying hour and inventory basis) and base maintenance material
costs (on a flying hour btisis) for the buik of Air Force combat
aircraft. For those aircraft nct listed (primary trainer desig-
nations and mission support aircraft) no comparable information
source was found,

16. Two sources of utilization rate information are
available. AFR 17310 l.sts flyling hour levels of 'typical’
comdat squadrons for a selsctzd number of widely held aircraft.
A 'nore encompassing, ané apparently accurate scurce 1s the Air
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Force 'PA' document--~cne of the P serles of formal planning
documents. Th*z document 1lists all alrcraft in the inventory
from the current year thiough sl¥ years into the Tuture.

Among other things, the PA 1lists number of u.e. aircraft and
flying bhours by calendar quarter for each mission and holding
command for each airzraft mcdel/series planned for the inventory
for th~ seven year perlod.

11. No general source of m~intenance manpower informatiocn
was found; however, it must be avallable somewhere within the
Alr Force, since malntenunce labor costs per flylng hour are
contained in AFR 173-10 fH>r the widely held mission aircraft.
As with ot.aer data items, this does not indicate that data 1is
collected on training and support aircraft relevant for under-
graduate training ccsts.

D. SIMULATOR INFORMATION (Table 27)

The paucity of simulator data has teen Jdiscussed in
Chapters 3 and #. This section looks at the same problen,

but from the viewpoint of data directed toward the estimating
magel.

1. The Aivr Force appears to be the only service collecting
operating cost data in a manner consistent with the deveiopment
cf cost factors and 2st mating rzlationshlps, and the effort so
far 1s limited to base level costs. The current semple (col-
lected by the Directorate of Management Analysis and described
in Chapter 4) may be adzquate for an initial formulation, but
as far as can be determined, the data has not teen analyzed 1in
this 1light. Further, there agpears to hae been no headway
made In developlng depot-level datfa.

The Army, with oniy one operational model fielded in
emall numbers, has not had the chance to develop any signifi-
cant data base. This 1s emphasized by the fact that maintenarce
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has been perfcrmed on contract (what would normally be base and

depot functions), and the cost records resulting may not be
consistent with in-hcuse accounting practices. One study of
experienced operatinz costs has been performed (under the
auspices of the Program Manager for Tralining Devices), but
its documentation 1is not sufficient.

(Whether the MNavy is recording simulatcr operating costs
in a manner that permits identification of costs with utiiiza-
tion 1s not known. In any case, 1t would require contacting Alr
i3 and Chief of Naval Education and Training.)

2. Crew size requirements have been ignored in developing
data sources, since they would appear to fall out of configuration
and operating descriptions of particular devices and, hence, be
readily obtainable.

3. Bearing in mind that only new or projected equipment
buys are relevant, the available data base appe=rs rather sparse,
Technology andg des{gn capabilitles pretty well invalldate costs
of older eguipments as predictors of current generation device
costs. One characteristic ¢f simulatcors helps in this respect,
that 1s, their distinccive subcystem composition. Slmulator
capabilities can evolve through major modification of subsystems
or of simply adding subsystems that were not part of original
configurations. Indeed, the Navy has adoptea “his approach, and
each modification adds something to a subsystem data base.
Headquarters' offices for the Army and Air Force are only pro-
gram monitors and detailed informatlion may only exist in field
establishments. For Army systems, the Aviation Systems Divislon
of DSC for Research Development and Acquisition acts as monitor
with procurement responsibillity resting with the Program Monitor
for Training Devices {(FMTRADE) iocated at the Army Training

_ Devices Agency, Orlando, Fla. Program monitors for Air Force

ke

systems cre in the Dlrectorate of Development and Acquisition,
DCS Research and Development. Procurement responsibility may
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rest either with the Simulation System Program Office or the
System Program Jffices for the assoclated weapon system.
Whichever, the program offices are located at Aviation Systems
ivision Headquarters. 1In the case of Navy systems, procurement
responsipbility rests with the Av.iatirn Trainine Reguirement

Branch, Aviation Manpower and Training Division, Deputy CNO for
Alr Warfare.

L, Simulator utilization rate (as used here) connotes
either a target ievel or maximum attainablie for determining
2 number of simulators reculred (or the minimum number reaquired).
In this respect, it has wcre the characteristice of a study
assumption than a datum. (Historical utilization rates are
Tunctions oV training loads and syllabl requirementz as well
as simulator availabiliity.) ®oth che Army and Favy have estab-
1ished such target rates and emplsyed them in pregram justifi-
cations. The target rate for the Navy--8C hours per week, less
varying ailowances for unschedulec maintenance--is speiled out
ir. thelir POM backup doc amentzticn., The Army rats is set at
G5 percent of 8G hours. but, as best as can be determined, 1t is
not a published figure. Where available, actual utilizations
are quite different, znd appear Lo be of nc value in setting
the target levels. {As examples, the Air Force has experiznced
a range of 22 to 99 hours--see Tavcle 11.) burlng a period that
corresponds roughly with ;iscal 1976, the Army attained an
average of 72 hours at Ft. Campbell and half that much at

Ft. Rucker. -

E. TRAINING-PECULTAR PERSONNEL FACTORS (Tabls ¢8)

The basic infermation from which such factors could be
developed must be availahle at the base lev?l to suppceri
justification of personnel authorizations, at all levels of
training for each service. However, surprisiagly little appears
to be available at headquarters levels. The majority of materlal

LA At a2
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found pertains to Navy undergraduate training as part of the
"CMET Factors". Tris information 1s developed and used by
Commander, Naval Education and Training (and Commander, Naval
Air Training) and is transmitted to Navy Department level in
the form of worksheets rather than formal reports. Evidence
that the required raw information is avallable at base level
within ¢lie Air Force can be seen In the reports specified in
the Formal Training Coursé Cost Report (AFR 173-7). However,
this 15 2 complex systewm and the wey in which the basic data
might be used in develcpment of factors is not understood.

1. These six elements characterize the requlirements
levied on flight and simulation instructors' time. The Navy
has used similar data to derive levels of student flying and
simulation hours associated with an undergraduat: Znstructcr
man-year. The iresulting levels are included in the CNET
Factors material sent to the Undergraduate Flight Trailning
Branch, Aviation Manpower and Training Division, Devuty CNC

for Air Warfare (NAVOP 551). 1In addition, these materials include

an explanation of the way man-year standards are derived. No
ccmparable information was found ror either Army or Alr Force
training:

2. Nc information was found regarding expenditure of
instructors' time in academic instruction. Since the Navy does
include flight and cimulation instructor time requirements in
the CNET Factors it is hard to understand why the same informa-
tiovn 1s not tabulated In thils case, see paragraph 1, above.

3. Training-cverhead personnel and the ratio between
officer: and enlisted are tabulated for Air Force training in
the Formal Training Course Cost Report (AFR 173-7). However,
neither the de“inaition nor way in which the personnel count
is developed can be uctermined from the reporting instructions.
The Navy "CNET Factors" .re concerned only with direct training
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personnel (with overnead belng an unconsidered base leveli from

which their p.anning begins). No material was found concerning
Army training

L. A1l services keep some track of primary duty time,
but 1t does not appear to be generally documented information.
The proportion of duty time personnel exvnend directly in the
training functlon should be well known at training bases,
although it may be rather vaviable by base. The Navy gives a
value for officers in the "CNET Factors" (see paragraphs at
the beginning cf this section) but is silent with regard to
enlisted personnel. No information, other than for Naval
officers, was discovered.

F. GENERAL PERSONNEL INFORMATION (Table 29)

Intuitively, it should seem that general personnel data
should be easy to fina. Unfortunately, this is not the case,
and the reasons for it can only be guessed at. An apparent
first reason is that the services are crganlized and managed
through quite different systems, and no singie set of model
relatlonships may be applicable to all three. Starting with
Just one set, as was done here, could make appropriate or
appllcable data hard to recognize, even though found. An under-
standing of how training units operate within the management
structures of thelir particular service seems necessary, and this
may oniy be possible through field-level invectigations. A
second, andé more damaging, reasori may be that some of this
informacion is simply not required for oudget justification and
day-~to-day management, and the cost of developing the data is
simply considered too high. (Relevant examples may be the Army
experience with the TAERS/TAMM. systems and the fleld Operating
Cost Agency - FOCA.)

1. Base operating personnel 1is defired in this baper &s
those base-level persons providing general support to a

(W]
N
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training installation--that is, they ‘are directly 1lnvolved
nelther in providing or adminristering training services nor in
maintenance of equipment integral to Lhe trainins: program.

(Medical personnel are really a particular catexorv of base
operating support personnel.) The term "tase operating person-
nel does not appear to be employed by the Navy, and nc other
term describing thls function was found. As a result, there 1s
no hint of whether such data might be developed without detalled
analysls of perscanel authorizations at training bvases.

Both the Army ard Alr Force employ the term, but 1n widely
different contexis. The definition givenr above is close to
Air Force ugage, but that service does nnt appear to have
developed relations that tie suppor: personnel requirements to
direct personnel. USAF Cost and Planning Faciors (AFR 173-10)
does give BOS personnel levels (including splits between officer
and enllsted) for selected "typical" squadrons. However, no
explanation of how the levels are derived is glven--only that
the information 1is provided by the Director of Manpower and
Organization, DCS Programs and Resources. One report required
by the Formal Training Course Cost Report (AFR 173-7) contains
a listing of personnel assigned to tralining bases, by function,
ornie of which 1s base support. In Army usage, base operations or
support 1is associated wholly with the operations ana maintenance
appropriation--necessarily excluding all military perscnnel.
Separation of direct from support personnel at training instal-
lations (organized under Tables of Distributior. and Allcwance)
or at unit installations (those organized under Tables of
Organization and Equipment) appears possibie only by analysis
of assigned personnel.

2. Facilities maintenance material is defined to include
materials used in providing medical, transportation, etc.,
services as well as matcrials used in maintaining real property.
Both the Air Force and the Army provide per-man factors. The
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Alr Force giving separate ractors ror medical, base operations,
real property malntenance, and vehlcular equipment support in
USAF Cost and Planning Factors Manual (AFR 173-10), The Army
(in the Army Force Planning Ccst Handbook) displays per-man
factors for a number of elements stratified by DoD major pro-
gram. Among them are included base operations, sdministration,

medical other personnel suppcrt, and transportation. 7The total
between the two are roughly comparable, but no attempt was made
to determine if the components of the totals were defined in a
consistent manner. MNo infermation of this type was founa for
the Navy. 1In addition, the Army factors are general across

all types of uaits, and its.seems unlilkely th<«S differences in
support requirements between aviation and other units could be
deveiored.

3. No =substantive information wasgs found or anv service,

The Army has perlodically made special studies of maintenance
time, but these have been generally oriented towards ground
forces, and no recent studies were found. For the Air Force
and the Navy, there 1s no indication that the problem has been
investigated through either sampling studies or general report-
ing requirements. This in no way indicates that such efforts
have not been undertaken by operating commands or individual
unit commanders, but obtalning references to them would be
difficuit.

4, The Alr Force has traditionally empioyed a 1l0-percent
factor for what is called chief of maintenance and a 10-percent
factor for AGE maintenance. What is inciuded in these two
categories is unknown, and —ecent editions of the Cost and
Planning Factors (AR 173-10) make nc mention of them. The
Directorate of Cost Analysis, Army Comptroller, currently
employs a 40-percent factor to ccover all maintenance overhead,
Use of the l0-percent value, however, is not documented in any
publicatlion, and the basis upon which it was derlived 1s unknown. ’
No comparable allowances were found f'or Navy maintenance.
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5. Therz appear to he no service-wide standards for duty
hours, and it's understandable how they could vary between
locations, across time, and with individual duty assignments.
in conversatlions with military personnel they appear to thin}
in terms of a 40~hour week. Whether they are simply expressi.g

4o 1
v

he convention of civillan lavor or are reflecting their own

recent experience is unknewn. This is probably a datum best
handled as a study assumption.

€. This is simply the DoD-wide standard rate. It is
incliuded here only because 1t was called out in Chapter VI.

7. All service compcnents are required to submit military
pay ard aliowance rates to DoD on an annual basis. The rates
are then published in DoD Handbook 7220.9H, Acccunting Guidance
Handboox. Separate displays are given for each service, and
within each service separate rotes are given for bhasic pay,
allowance for cuarters, 1incentive pay, arnd other personnel
expznees Tor each officer ani enlisted grade.

Several problei.s may be involved in using the DoD pub-
lished data directly for estimating tralning costs. Filrst, the
items tatulated nray n~t exhaust all considersd by the model to
conztitute milive-y r.y. For example, as fermulx-.ed in Chapter
VI, military pay ann allowances, is intended to 1include permanent
change in station (PCS), accession and separation costs, and
possibly, other iftems. One would have to ascertain whichk cf
these types of costs were included 1n the other pers:innel
expenses category and adjust the rates used so that they would
be conslstent with the model's usage. Setond, pay rates are not
aggragated across grade levels requiring additional information
about the grade composition of tralning personnel. Thivrd,
there 1s no distincticn made in the incentlve pay category
between the different incentive categoriés. Since flight pay
is the dominant incentive pay of concern here, additional infor-
mation would be required.
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The Air Force (in Cost and Planning Tactors) and the Army
(in Army Force Cost Planning Handbook) provide more comvlete
shred-outs of military pay rates, also providing averages for
groups of ranks. Any points of innonsistency tetween the rates
included in these publications and the DoD Handi~ok are not

Kknown.

G. OTHER INFORMATION (Table 30)

This is a catch-all category for items that did not fit
comfortably in the other seven. It ic only incidental that,
for all practical purposes, no information appears to be avail-
able for any of the types of data shown. There is not even a
satisfactory Zefinition of unspecified training devices adopted.
Larger Itens, like carrels, can neatly be classed as training
devices. But 1n moving down the scale of size ard cost there
is a question oi where one iten is simply general (or organiza-
fional) equipment rather than a training device. How would
items such as 35mm slide projectors, tables, syllabi, etc. be
ciassified? 1In aadition,  how far down this scale is it
apnro;riaté, ir. terms of cost, to try and ferret out information?
The same quastion can be asked in rezard to training consumables.
Is 1t worth the cost of finding out what it c¢osts -to provide
students with rencils, pads of paper, etc.; and can one ever
define a point that “femarks what 1is wort. the cost from waat
isn't.

1. The Navy has performed some studies of training con-
sumables and training aid requirements fcor technical training
courses., Tvplcally, the scope of the training studled 1s one
short duration course at cne location with aveiage student loads
In the rarge of 25 to 50 and teaching staffs of five to ten.
This is a far different level of requirements than would be
assoclated with flight training.
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Department cf Defence, Depavtment of lefense Budget Guidance
Manwal, DoD 7113-1-M, Jrelassitiecd.

teadquarters, U.S. Air Force, Zomptroller o.' the Alr Force,
Directorate ¢2 Management Analysis, Unpublished simulator
base operating cost information for fiscal year 1976,
Undated.

Headquart~rs, U.S. Air Force, Required Operational Capadilvties
(ROCs), AF Regulation 57-1, 30 May 1975, Uncrlassified.
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Evaluation for Resource Management, AF Regulation 178-1,
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U.S. Air Force, Aeronautilcal Systems Division, AZr Force
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Appendix A
CONDITIONS FOR EFFITIENT ALLOCATION

The graphic derivation of conditions for efficlent alloca-
tion of resources 1s given below. 'wo simplifyling assumptions
are adopted.

1. There are only two inputs to the prcduction process,
labeled "simulator hours" and "aircraft hours".
(Simulator hours and aircraft hours are further
assumed to bte ultimate inputs--or ones that can be

made available only thrcugh fixed proportions of
other inputs.

2. The ~atio of the costs of the two inputs is constant,
regardless of the quantities of each employed.!
Aircraft hours cost three times that of simulator hours.
For a fixed total cost, then, the aircraft could be flown for
200 hours, the simulator could be operated for 600 hours, or
they could bte flown/operated in innumerable combinations so

long as three times the number of alrcraft hours plus the
number of simulator hours eaqualled 60C. This 1s the budget

constraint line C, in Figure A-l1. The slope of C. reflects

1 1
the three-to-one ratio of input prices. Budget constraint

line 02 is necessarily paraliel to Ql and represents a dif-
ferent =nd smaller budget. All larger budgets are described

by budget constraint Jlines above and to the right of Cl‘

Line Pl in Figure A-2 traces all alternative combinations
of aireraft hours and simulator hours that result in an equal

IThis is tantamount to assuming competitive market conditions and to
denying discontinuities or economles of scale for the input mix.
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value of output or product--the level or value o flight profi-

clency procduced. Product isoguant P2 represents a different
and small value of output. All higher levels of output are
described by product isogquants above and to the right of Pl'

At any point on P, the slope 13 the rate at which alrcraft hours

1
and simulator hours can be substituted for each other so as to

leave the value of flight proficiency produced unchanged (the
rate of input substitution at the morgin of usage). Contlnuocus
wonvexity from the origin 1s consistent with universally observed
phenomena and is loglcally based on two assertlons.

1. In any production prccess, each input will be first
applied where it generaves the greatest relative
guality of ocutput. Thus, when a simulator is
introduced i2to a training program it will be used
first for those learnirg tasks where its output,
relative to that of other training inputs, is
greatest. In the table below, the simulavor would
first be used for task #1, second for task #5, and
last for task #4.

Task # Utilization Hours to Learn By:
Simulaticn Flying
1 2 6
2 15 5
3 10 P
] 6 1
5 4 4

2. In e.y production process (flight proficiency, in this
case), as successively greater quantities of one input
(aircraft hours, for example) are employed, with all
other inputs (simulator hours, for examples being held
eonstant, the resulting increments in output will
decresse after some point. (The classical statement
of diminishing returns cr variablie proportions.)

These twc are independent of each other, and either 1s sufficient
for convexity. Where flight proficiency consists of learning a
number of tasks, toth assertlons are operative. Where it consaists
of learning only one task, only the second assertion 1s relevant.

A-5




The budgef constraints and product lsoquants are com-

bined in P'igure A-3. The point cf tangency of P, and o (Ml)
describes a unique combination of airecraft hours and simulator

hours that maximizes the value of product for cost C, or,

1
alternatively, that minimizes the cost of attaining a value

of product equal to P That 1is, no other equal cost mix

of aircraft and simulitor nours (point on Cl) will result in a
higher value of product. Similarly, there is no other combina-
tion of aircraft and simulator hours that can vieid the same

level of flight prcficiency at an equal or lower cost. At this
point, the marginal rate of substitutlion of inputs with respect
t> the value of output (the slope of Pl) is equal to the ratio

of costs of the inputs {the slope of Cl).

Fcr each alternative budget level (02), there 1s an
assoclated comblnation of aircraft and simulator hours (M2)
that maximizes the value of flight proficiency attained (P2).
Ml and M, are two points on the line M {(Figure A-4) tracing
the path of all efficient (minimum costs) combinations of
alrcraft and simula“or hours (inputs) for attairing alternative
levels cf flight proficiency (output).

The example above, couched in terms of two inputs and a
single outputi, may be expanded to encompass any numt:r of
potential inputs to the training process, Letting the term
"marginal prcoduct" (MP) denote the additional product (flight
proficiency) resulting from the addition of one unit of a gilven
input (e.g., simulation hour, flight hour, class hour) and "C"
denote the cost per unit of that input, then, a necessary and
sufficient condition for eff:icient allocation of resources is
that the ratio of marginal product to unit cost be equal for
alil inputs at the margin of usage.

—t 2=, 3

c




SIXIW LNdNI IN3IJId443 ~€-Y 34nbLyg

SYINOH JOLVINWIS i
09 00¥ 002 0
T T / T T T3 T ] T c
z i H
_.u o} / : w ]
/ w
]
D
: 5
00T —
H A
O
c
L b
- (¢ 4,4

PP Iy (P PRI, Tt




009

SIXIW 1NdNI IN3IJ2I443 17V J40 Hlvd

“p-y ounbiLyg

SYINOH YO LVINWIS 122724
4 00Z 0
' i T T T 7 — 0
Nzo\\
by o\ 4
- >
=
(4]
b3
]
ooz
o)
w <
a
SNOILVNIGWOD LNdN|
1SOO WAWINIW
- 00y

A-8

[EPRRPY PET  TR ORI P Sl g

......




e Ve P UTARTURIAE S AU A
o ¥

This formulation sheds 1iight cn the basic problem cof
program design. To wit, for flight trainwng, what s the
efficient mix of all input resources that maximizes the value

of training for a given level of cost (or minimizes the¢ cost
of a given level of training)?

In this ilght, 2il potential
inputs are competitors, and none are inherently infericr or

superior to others--training devices of all varieties (car-

rels, procedures trainers, part-task trainers, mission trainers,

...), instrumented aircraft, uninstrumented aircraft, and

human resources (instructors, instructional support personnel,
.). Further, all inputs are substitutable in variable pro-

portions; the preferred or efficient proportions being deter-

mined by the relative costs and productivities of each
competitor.

This formulatior permits expanding the scope of questions
of efficiency. The purpose of training for a narticular air-
craft type I1s the defense capability embodied in the weapon
system employing that aircraft, and the question of efflicient
allocation encompasses all inputs to the weapon system--of
which training 1s Just one. Similarly, total defense capa~
bility consists of the individual capabilities embodied :n
tire numerous weapon systems comprising the force structure,
and questions of efficient allocation cut across weapon sys-
tem and service lines. 1In these larger arenas, necessary condi-

tions feor efficient allocation of resources are expressed by
the following two statements.

1. TFor each DoD activity (weapon system, training
establishment comrmand, etc.) taken separately,
the incremental (present) value of defense capa-
bility resulting from an extra dollar spent on any
input resource will just equal that resulting from
an extra dollar spent on any other input.

2. For all DoD elements (or all elements of one service),
taken together, the incremental present value of
defense capabllity resulting from an extra dollar
cpent on any input rescurce will just equal that

resulting from an extra dollar spent on any other
resource.

A-9




The first is a recessary condltion fur efficlency within
a singie force element and in no way requires reference to out-
side factors--that are taken as given. Cast in the context of
this study, 1t could read "for each alrcraft type the present
value of zdditional defense capability received from spendirg
an additional doliar on flight simulation would just equal the
value received by spending an additional dollar on flying."

Similar egualilfties would simultaneous.y hold for all other

tradeoffs, both larger and smaller in s:ope (i.e., between
training and hardware, flight training vs. malntenance train-

. ing, between part-task and full-mission simulators, between

ifferent features or configurations of 2 simula*or, etc.).

Whenever and whereve™ equality 1s nct met the total defence
capability obtained could be increased by changing the input
mix {e.g., substituting a dollar spent on flight training for
a dollar spent on hardware-~-or visa versaj.

The second condition expands the scope of inguiry to the
DoD (or Service-wide) level where the set of relevant trade-offs
is broader {aircraft vs. ships, F-16 vs. F-18), and some aspects
of DoD w=fficient allocation directly impact on and change the
conditions for efficient allocation within individual weapon
systems, commands, etc., That is, even though all equalities
were to be satisfied within each aircraft type, weapon system,
or command (internally or taken c¢ne at a time), this is not
sufficient to insure efficient allocation on a DoD-wide basis
(across all aircraft, etc. taken as a group). A particularly
visibile example ig the question of cost reducticns or other
benefits accruing to force elements from investments in
tecihnological development. A current 1ssue 1n simulation 1s
the potential net value of large-capacity, hlgh-resclution,
= computer-generated lmagery. Its development to the point of
general avallabillty will require a sizeable investment of both
mcney and. time, but, once brought to this point, it could be
applled to a number of training programs for recurrlng production
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costs of the equipment. It 1s questionable whether the

development and procurement cost would ever be justified on j
the basis of its pctential payoff within the tralning program }
of a single alreraft system. If is necessarily less of a |
gquestion when the costs are compared with the aggregate payoff
potential across several aircraft systems (F-16 and A~10).

An implication arising from this reasoninz is that planning
for and assessment of cimulation, either for one alrcraft type
or on a DoD-wlde basis, must consider all other aspe~cts of flight
training. Murther, planning and evaluation of irdividual pro-
grams (i.e., by aircraft type) necessarily falls short of
addressing the range of relevant questions unless 1t 1is cast
in a context of a total (and preferably dynami2) DoD training
progran~-one that 1s formulated in a manner that expressly
permits intersystem and interzervice comparability and aggrega-
tion. tThat 1s, a requirement for evaluating cost and effective-
ness of simulators in flight training is formalizing (or model-
ing) a set of procedures for estimating total cost and effective-
ness of flight training at individual system, service, and DoD

levels.
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PART I1 - BUDGET FORMULATION
Sextion 10 - Special Analyses

Chapter 2B13 - Simulator and Training Device Programs

zBi".1 Purpose

A, This chapter provides instructions for preparation and sub-
mission of duta needed for review of cach DoD Cosponent's badpet require-
ments for simulators and training devices. At this time, the review
will be limited to the flight simulate:i/tyaining device catcgory of
equipment as defined in paragcaph 2B13.3.A.1.

B. Paragraph 2ZB13.3.B. identifics the programs for which exhibits
must be submitred.

2813.2 Suhmissisn Requiremerts

A. Couponents will segregate their submissions by Active, N-iional
Guard, and Rescrve as applicable. Each section witl contain the {ol-
lowing exhibits and inforwatiovn in suppert of budget estimate-:

1. Exhibit 37-1, Component Flight Training Device Overview.

2. Exhibit $7-2, Component Flight Training Device Surnary
by Weapon System or Major Device Type. Exhibic 81-2 is
intended to summrrize the detail presented in the Pxhi-
bits ST-3 relatiug to a given weapon sysicm. Whep
identifying the iadividual tiaining devices in para-
graph 3.A. of Exzhibict ST-2, devices that have siwnilar
cepabilities or serve a common purpese may be combined
in a single line entry. 7The cine device(s) must be used
in 3.B. end €. Groupinpg of devizes by cast/device hour
is parmissible whenever such aggregation does not distort
gigni' icant relationships.

3. Eshibit 8T-3, Component Fiight Training Device Dei-il,
Submit a separate exhibit for each trairing device calce-
gory as identified on Exhibit ST-2 for each Weapon Syarem
or Maior Device Type. Section 5.B. of this exhihir is
intended to consvlidate training device utilization aud
substitution data for all devices which support a given
weapon systen. Training device hours and estimated fly-
ing hours veplaced must be displayed bv d-nvice type or
group of dovices as used in sectien 3 of each ST-2.

LIV Ty PP e




In addition, each component should append information
briefs to each Exhibit ST-2, to explain and justify

the budget estimates of the individual devices used to
support the weapon system. New -levices or existing
devices that are expanding or contracting siiould be
covered in more detail than those mature devices that
are 8tili required bit are experiencing liitile or no

ch e from a manpouver or cost viewpoint. The briefs
8" uld include but not be limited to a statement of the
budget estimate's content, purpose, specific programs
and activities. Further, for the operations and mili-
tary pecrsonnel appropriations, explain the reasons for
significart changes (+ or -) from the current year to
the budget year, also identify any contracts related

to the operation, maintenance, or training effort. For
RDTSE, procurement and military constructfon, briefly
explain the reasons for the budget requirewcnts.

The cost/flying hour and cost/device hour tigures shown
in the exhibits should be based ou conuion cost elements
to facfiitate comparison. Each cowponent will submit a
display of those cost e' ents and their contribution to
tne total cost per hour tigurec. Aircraft cost/flying
hour figuvres should include only those cost elenents
which vary with adjustaents in peacetime flying nour
changes.

B. Twelve sets of the above material are required. Each set will
be stapled or bound separately. The Exhibit ST-2's dealing with a given
uzanon svstem will be lozated fuwmediczi=ely after the Exiibit 3T-2 for
that weapon syscen.

2B13.3 Preparation of Material

A. The fellowing definitions apply for the purposes of preparing
the above exhibits:

1.

Flight Simulator/Training Device - A device used to give
mental and/or phyeical existence to, and relate, the
situations caccuntercq and tasks performed by aircrew
members in the performance of itheir required duties.
These devices would include but not be liaited to such
equipmeut normally referred to as simulators (flight

and mission}), part cask trainers, and cockpit proce-
dures irainets. oSevices such ge classroom and mainten-
ance trainers should be e2xcluded.

Fiying Houvs ~ Aficraft flying hout totals should agree

with the budget data supporting the DoD £light hour pro-
gram. Aircraft flight hours include all flight operatioas

B-3
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B,

Flight «fevlator/training device exhibvits will be
those aircraflt systems which have training device Research

associated with the alrcraft {nventory of each scection
of the exhibit, nor just those praugrammcd for training.

Training Device MHours - Include only those training
devige hours wihiilh are required for the purpose of pro-
viding valid flight training, i.e., maintenaunce hours
o1 time used for visitor demonstrations, for example,
stould be excluded.

Estinated Adircraft Flyiup liours Replaced Ly Device
Fours ~ The estinated aireraft {iying hours that would
have been required were the simulator not available.

Proficiency - All data included in the preofic
tion of each exhibit will conform in meaning
definicions as contained in Dol Dicective 134

iency sec-
with the
40.4

menf. or Procurement costs which exceed $Q.5 million in any one year.
Apuropriate erhilits should also bz sumitted for any other aircraft

systens wiich have aunuzl operation zad masntenance coste which exceed

35 million.

othey flight treining devices for which procurement costs exceed $0.5
wmiilion,

Iu addition, exhibics siiould ~ls50 be sulnitted for any

tu

submitted for
and Devclop-
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COST EFFECTIVENESS ANALYSIS
PROCUREMENT TO PROVIDE P-3C AIRCREW TRAINING
2F87F OFT

NAVAL AIR SYSTEMS COMMAND
WASHINGTON, DC

JANUARY 5,1977
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1. PROPOSED PROCUREMERT
2F87(7) OFT with visual system.
Il. REQUIREMENT
A. General. The proposed procurement is reguired to provide a media
for P-3C fligntcrew training in ASW tactics on the P-3C update Il aircraft.
B. Specification of Requirements
1. Capability. The trainer will be required to provide 16 hrs/aay,
5 days/week, 50 weeks/year training to cupport six sguadrons of aircraft. %No
capability currently exists to provide the required training.
2. location and Dates
{a) The procurement is required and planned fov the HNaval Air
Station at Brunswick, Maine.
(b) Cperating capability is required by FY1980. This requires
funding and full production (service use) in FY 1978.
3. Scurce of Requirement. The requirement for the training capa-

bility was specified by CNO letter, Ser. 596/116664 dated 1S Dec 1975.

L]

IT.

]

BENEFIT/COST ANALYSIS
A. Costs:

1. Capital Inventment - An estimated $6.5M is rejuired to procure
the 2F87(F) OFT with visual system to meet the specified training requirements.
This estimate is based on current indusiry costs for similar procurementc,

2. Mods/tindates - Annual estimated requirements for modification/
updates are based on experience and are shown in Fig.l.
3. O08M - Twelve additional civilian or military persornel positions

are required. No additional nonpersonnel operations and maintenance expense

are anticipated. An average cost of $14,000 was used per civilian/military per-

sonnel position required.
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&. MILCON - Facilities will Lo orovided by Military Construction

‘ E
»

Project Number p-106 estimated at $1,400,000.
B. BENEFITS
1. Fiight Hour Substitution - Expendables/Maintenance

Aircratt Cost/F1t Hour (Source: Navy Program Factsrs Manual)

PO. Cost/Fit. Hr $385.45

Organ. & Inter. Maint/F1t Hr 158.90

Component Rework 143.12

Replenichment Spares 84.40

Engine Overhaul 23.177
$795.04

F1t Hr Substitution (Scurce: CNO OP-59, straightlined after FY82)

FY 78 0

FY 79 75

FY 80 457

FY 81 2065

FY 82-88 3421

Cost Savings = (Cost/Flt Hr) X (F1t Hr Subs*itution)

2. Flight Hour Substitution - Depreciation

Aircraft Acquisition Cost (Source: Budget Exhibit) $8.280%
Aircraft Service Life (Source: Budget Exhibit) 15 years
Depreciation (Annual at straight-line rate) .552M

(a7

Depreciation Savings = (Depreciation/AC) X (# AC) X (F1t Hr Sub)
(F1t Hrs + FIt Hr Sub)

3. Accident Reduction

An extimated monetary loss fcr damage to aircraft due to pilot

error accidents was set at $50/7F1t Mours.

Accident Reduction Savings = § Loss X F1t Heur Substitution
F1t Hour
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Iv. OTHER FACTORS CONSIDERED

The proposed procurement provides emergency training capability which is im-
possible or unsafe to conduct in the aircraft. Tnis training benefit is not

reduceable to monetary quantities.
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