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ABSTAINER

This publication reports the results of an Operations
Analysis study. It does not necessarily represent the
opinion or policy of the Air Training Command or the

United States Air Force.
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SUMMARY

In July 1976, General William V. McBride, AF/CV,
requested tﬂat;Air Training CommandAdevelop and examine
alternatives for replacement of the aging T-37 along
with options which provide a more economically trained
graduate, (Reference Appendix A).‘;L This study reports the
results of that examination. A{

Requirement

Based on projected flying rates the T-37 fleet will be
insufficient to sustain production by FY 88. The distribu-
tion of T-37 airframe hours dictates an Initial Operating
Capability (IOC) of 1986 for the selected new aircraft.

However, these dates are subject to significant change
should there be any substantial increases in programmed fly-
ing time due to additional programs or other changes.
Examples of this type include NATO Joint Jet Pilot Training
or expanded Copilot Enrichment (ACE); p:ssible sale or
transfer of existing aircraft resources; or reduced rate of
displacement of aircraft hours by Instrument Flight
Simulators (IFS) in non-UPT programs such as Instrument
Pilot Instructor School (IPIS) or Security Assistance
Pilot Training (SAPT). Any of these, if initiated, will
accelerate fleet insufficiency and reduce the available

lead time.
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The length of the aircraft acquisition cycle (up
to 11 yvears) demands that planning should begin as early
as possible.

Current and projected future manned aircraft weapons
systems characteristics and capabilities were reviewed
to determine their impact on future pilot training, aircraft
performance, and equipment requirements. This review
indicated that technological advances will lead to many
improvements in the performance characteristics of future
aircraft. Modern avionics and flight data computers will
further automate or assist with various pilot tasks and
functions. However, it was concluded that the need to
acquire basic flying skills is relatively unchanged since
future pilots will still need to revert to basics should
these advanced systems fail in combat or due to equipment
mal function.

Detailed future undergraduate pilot training (FUPT)
requirements were thoroughly developed in the Mission
Agélysis (Reference 1). These requirements were again
studied and validated in the Generalized/Specialized (Dual
Track) Study (Reference 2).

A review of _hese pilot training requirements in view
of future manned weapon systems leaves previously well

documented training requirements largely intact with only
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very minor modification. The Spin Recognition and Recovery
requirement was combined with the Stall Recognition and
Recovery requirement and renamed Departure Recognition and
Recovery. A new training requirement, Airborne Rendezvous,
was added to reflect the increasing role of in-flight
refueling or rell formation.

Alternatives

Numerous training system alternatives were studied and
evaluated. Four systems were subsequently selected as
candidates for detailed examination and consideration as

described below:

(1) Option I - XT-1/T-38. This is a generalized

UPT system with the XT-1 designed as a primary jet trainer

replacement for the T-~37. The T-38 would be retained as
the basic phase trainer until it, too, required replace-

ment.

(2) ©Option IXI -~ XT-2 This is a generalized UPT

.
—_—

system with a single, all-through aircraft (XT-2) designed
to replace both the T-37 and the T-38.

(3) Option IIIA -~ XT~3/XT=3/T-38. This i1s a

specialized UPT system with a single new aircraft

providing both multi-engine basic training for Tanker-

Transport-Bomber (TTB) pilot candidates as well as primary
phase training for all UPT students. The T-38 would be
retained to provide basic training for Fighter-Attack-

Interceptor-Reconnaissance (FAIR) pilot candidates. The




XT-3 would be designed with a minimum of three seats to
provide TTB training and would be capable of aerobatic
maneuvering for basic flight training

(41" “Option TIFBI— Xt~ /XT=3/1=38," This is a

specialized UPT system utilizing three aircraft, two of
which are new. The XT-1 fulfills the primary trainer role
as a T-37 replacement. The XT-3 is utilized as a TTB basic
trainer. The T-38 is retained as a FAIR basic trainer.
Performance and equipment parameters, along with
representative mission profiles, for each of the three
new aircraft identified above (XT-1, XT-2, XT-3) were
submitted to Aeronautical Systems Division (AFSC/ASD) for
conceptual design and cost information. This concept
design and cost data were used to rank order the four
alternative UPT systems previously described.
Representative syllabi were designed for each alter-
native system and are depicted below (Fig. 1). In order
to provide a valid basis for cost comparisons, syllabus
hours were selected to produce graduates of approximately
equal quality, regardless of the system. More specifi-
cally, these particular syllabi do not contemplate
significantly reducing post-UPT training through increased

UPT training.
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UPT Quality

The current UPT generalized training system is often
viewed as being fighter-oriented due to its course structure
and its use of the T-38 as a basic trainer. This is some-
what of a paradox when historically only about 40% of the

UPT graduates have gone to fighter-oriented assignments

while the other 60% go to TTB assignments.




The results of this analysis confirm those previously

derived in the Mission Analysis, Mission Analysis Review

(Ref. 3), and Generalized/Specialized studies. Quite

simply, the specialized form of training is considered to

provide a higher quality UPT graduate due

added training requirements which can be taught, but because

training is oriented toward a better transition into the

follow-on training in CCTS.

From an operational aspect the specialized UPT systems

have distinct advantages over generalized

ducing graduates better trained in the skills and procedures

required for their end assignment. Under
pilot training system such broad training
overtraining of pilots in tasks unrelated

assignment. Furthermore, specialized UPT

flexibility in increasing or decreasing training time in

pilot tasks in a given specialty or "track" without affect-

ing the other track.

\ Specialized UPT does, however, have some drawbacks.
Assignment flexibility, both in initial assignments and
Mater career assignments, would be reduced. This does
not appear to be an overly critical problem area. The
greatest risk occurs in the initial acquisition of train-
ing equipment. Should the historical 60/40 split between

TTB and FAIR assignments change dramatically (reverse, for

viis
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instance), then one incurs the risk of having insufficient
FAIR trainer aircraft and an over-abundance of TTB trainers.
The large size of the existing T-38 fleet tends to minimize
this risk.

Costs

As developed for use in this study, all cost data are
for relative rank ordering of alternatives only. Only
system-dependent costs have been used; i.e., costs which
did not tend to vary among system alternatives were dis-
regarded.

Table 1 summarizes the more significant cost aspects
associated with the various alternatives over a 23 year
period (20 year aircraft life + 3 year development).

Option O reflects costs associated with the current T-37/
T-38 system under the projected IFS syllabus. It is pro-
vided here only for illustration purposes.

The outlays for research, development, test, and
evaluation (RDT&E) plus acquisition costs are significantly
less for Option IIIA, while the O&M costs are higher when

compared to the other options. The least cost option

lies with Option IIIB.




Table 1

SUMMARY COSTS

(FY 77 CONSTANT S$M)

TOTAL
C™TION RDT&E IFS MOD ACFT INVEST O&M TOTAL
02 0 0 0 0 4702 4702

1 (XT-1) 91 35 308
3 1394 3556 4950

(Repl. T-38) 223 35 702
11 (XT-2) 223 68 1022 1313 3334 4647
ITIA  (XT-3) 163 56 744 963 3601 4564

ITIB  (XT-1) 91 35 308
970 3175 4145

(XT-3) 163 26 347

1

Does not include student and instructor pay or fixed

operating costs.

Option 0 provided for illustration purposes only. This
is an impossible alternative since existing aircraft

cannot be continued forever.

T-38 would require replacement by 1995. XT-2 cost

estimates used for T-38 replacement.




) Another means of comparing the costs while trying to
draw some distinction between options is the use of average
annual value (AAV). The AAV, including acquisition, is
provided in Table 2 for each alternative in constant FY 77
dollars, current (then-year) dollars, and discounted dollars.
Also provided is the cost per USAF UPT graduate in FY 77
constant dollars which includes only the variable costs per

graduate. Again, Option 0 is provided only as a frame of

reference.

Table 2

AVERAGE ANNUAL VALUE (AAV) - $M

Cost per
Graduate
Constant ($) Current ($) Discounted (8) (FY77S)

o |

45 R 204.443 TSRS s 234,953 <110 5

| 1

XT-1/T-38 215.225 (4) 704.634 (4) 258.955 (4) «L02 (4) j

1 |

XT-2 202,023 (3)  623.L67 (2) 249.164 (3) <083 (2) i

IIIA E

XT=3/XT-3/T-38 L98.419 (2] 639606, (3} 245,483 (2) 086 (3) é

AEIB f
XT=1/XT-~3/T=-38 k80229 (L} 5732y k) 223519 0 ) .080 (1)

(Rank) -- lower number indicates lower cost

xi




While it might be argued that the AAV and cost per
graduate data in Table 2 are insignificantly different
since nearly all are within 10% of each other, it is
important to observe that the specialized Option IIIB is
lowest in each case.

Fuel

Fuel costs and availability are of ever increasing
concern. Table 3 summarizes fuel consumption rates for

the various alternatives on a per graduate basis as well

|
as for an annual UPT production rate of 2100 pilots. %
Option O (T-37/T-38) is again provided as a point of %
reference. ;
i
Table 3 ]
FUEL CONSUMPTION s
ANNUAIL CONSUMPTION (2100 UPT) i
GAL/ % REDUCTION

OPTION GRAD (K) GALLONS (M) BARRELS (M) FROM OPTION O j
0 62.4 131.0 L 0% %
1 47.6 100.0 2.4 24 ]

II 2305 49.3 1.2 62
ITIIA 3353 69.8 a7 47 :
IIIB 27.4 5745 1.4 56 i

The significantly lower fuel consumption rates for Options
I1, ITIA, and IIIB are due to replacement of the T-38 in

whole (Opt II) or in part (Opt IIIA & B). i

X0




Findings

The most effective pilot training system, both in terms
of graduate quality and economic considerations, to replace
the current system is a specialized UPT system utilizing
the T-38 along with two new aircraft: a primary jet trainer
(XT-1) and a basic TTB trainer (XT-3).

In studies of this type, a significant cost difference
between options should arise if cost is to be a key
discriminant upon which to base a decision. In the Mission
Analysis, the difference in cost between options did not
exceed 10%, well below the probable error normally expected
in constructing "paper options" in such analyses.

In a subsequent update of the Mission Analysis
specialized training was determined to be the most cost
effective choice for rupT. Results of both these studies
were again confirmed in the Generalized/sSpecialized Compari-
son although other considervations led to a recommendation
to continue generalized training.

Results of the most recent cost analysis used for this
study show the specialized XT-1/XT-3/T-38 option to have the
lowest cost on a relative rank ordering basis. While it
is not clear whether significant cost differences exist
between options for cost to be a Key sclection factor, it
scoms significant that this specialized option consistently
results in lowest average annual cost (acquisition plus O&M)

as well as lowest cost per graduate,

S
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I. INTRODUCTION

Purpose
In July 1976, General William V. McBride, AF/CV,

requested that Air Training Command develop and examine
alternatives for modification or replacement of the
primary jet trainer aircraft, the T-37, as it approaches
the end of its design life (see Appendix A). This study
reports the results of that examination.

In order to develop trainer aircraft options, it is
necessary to determine, in some detail, the mission require-
ments for future Undergraduate Pilot Training (FUPT). In
effect, the aircraft is merely a training aid, albeit fairly
sophisticated and expensive. Thus tue type of training
provided the military pilot should not be determined by the
trainer aircraft available; rather, the trainer aircraft
(or any other tool) should be determined by the type of
training and levels of proficiency desired.

Background

In January 1972, a massive examination of the future
role of Undergraduate Pilot Training (UPT) culminated in
publication of the FUPT Mission Analysis, often referred
to more simply as the !Mission Analysis (Ref. 1). The

purpose of the Mission Analysis was to examine in detail




the training requirements and training media necessary to
accomplish the UPT mission in the 1975-1990 time frame.
The most significant recommendations were as follows:
a. Procure flight simulators to:
(1) Stretch the fleet life of the T-37 and
T-38 aircraft by reducing student syllabus flying hours.

(2) Increase student quality through exposure

to flight conditions not practically taught in the aircraft.
(3) Reduce operating expenses.

b. Expand the use of multi-media instructional
aids (training aids, films, sound-slide presentations,
ete, ).

c. Restructure training syllabi in accordance with
Instructional System Develcpment (ISD) methods, i.e., part-
task missions, task repetition, etc.

d. Emphasize the role of instructor pilots (IP) as
training managers.

e. Screen and select pilot candidates through
ground-based methods.

f. Employ a total management concept where long
range management of FUPT is given equal importance with near

term management so that individual elements do not evolve

at their own pace.




Although not all recommendations of the FUPT Mission
Analysis have been fully implemented at this stage, a
significant portion of that effort is still applicable
today, in particular the various training requirements
and performance and equipment requirements of future
training aircraft which were considered during that
analysis. Albeit production rate projections, inflation,
and energy costs have changed significantly since publica-
tion of the Mission Analysis, it serves as a basis for this
study.

In March of 1976, ATC/DO published a Comparison of

Generalized vs Specialized pilot training, often referred

to as the Dual Track or Tracking Study (Ref. 2). Although

this study pointed out that a specialized or "dual-track"

system could prove to be more cost effective than the
current system, such a program would require the purchase
or lease of numerous additional aircraft capable of

fulfilling the Tanker-Transport-Bomber (TTB) training

track. Considering the current austere funding environ-
ment, a changeover to a specialized pilot training system
was not recommended for the current time period. An
important aspect of the Dual Track study was the revalida-
tion, by the major commands, of the training requirements

identified by the Mission Analysis.




In response to the ATC/DO study, General McBride
pointed out that, whether the UPT concept changes or not,
the T-37 is beginning to approach the end of its design

life of 15,000 hours and will become insufficient in number
to sustain projected pilot production beyond FY 88. He
requested that ATC examine the alternatives.

A study group was formed which included personnel from
several DCSs in HQ ATC and the 3305th School Squadron. In
addition, Mr. Jerry Estepp, ASD/XRP, directed the conceptual
aircraft design efforts for this study. Organization of
this project, key study team members, and other participants
are shown in Appendix K.

This study seeks to determine the most effective means

of training USAF pilots in the mid-1980s and beyond.




IT. APPROACH

A similar approach to that used in the Mission Analysis
was followed in this study (Fig. 2). Since the primary
purpose of this study is to identify and choose alternatives
for UPT commensurate with fleet life insufficiency, the
first task was to identify the time frame in which the T-37
and T-38 fleets will be insufficient in number to support
projected future production requirements. This fixes the
period of interest for which a new or replacement UPT
system will be needed.

The second step then was to review the future force
along with supporting aircraft/missions and associated

pilot skills required to accommodate the mission aircraft

Sated St e - ol [ - s e e N e o,

assignments.

The third task was to identify the UPT training

' A=

requirements which must be taught the fledgling pilot
in order to safely enter advanced training in these 3
mission aircraft.

Next, various training system options or concept
alternatives were devised in a general manner (dual
track, single all-through aircraft, etc.). System
elements such as representative training mission profiles i
were then developed for determining aircraft size and

configuration. Other elements, such as aircraft performance

|
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and equipment requirements, were developed to insure
compatibility with training requirements and selected
training systems. "Paper" airplanes were then designed
which meet or exceed the desired characteristics. RDT&E
and 0&S costs were developed for these "paper" airplanes.
Several costing techniques were then applied to the
various training systems to determine the most cost
effective alternative.

Considering the uncertainty in projections beyond
five years for costs, pilot production levels, and other
factors, parametric evaluation was made wherever feasible.
A sensitivity analysis was performed as part of the evalua-

tion process to determine relative ranking of FUPT options.




IITI. ASSUMPTIONS

The assumptions presented in this section serve to
limit and define the study. It is difficult to predict in
detail the training needs of the future pilot force; there-
fore, certain assumptions become necessary. During the
course of this study every attempt was made to minimize
the adverse effects of assumptions which may later prove
to be invalid, and a sensitivity analysis was made in the
final evaluation. Assumptions used in this study are as
follows:

Time Frame. A future UPT system would be phased in
starting two or three years before insufficiency of the
current fleet occurs, and would have a fleet life of 20
years thereafter. This is based on pilot production
requirements, fleet insufficiency, aircraft production
rates of 20 per month and 15,000 hours aircraft design
life.

USAF Fixed Wing Training Only. This assumption

purposely limits this study to a consideration of train-
ing for USAF pilots only. Helicopter training is not
addressed. A joint service training program is also not
considered at this stage. Although the possibility of a
Congressionally-imposed joint USAF-Navy UPT is admitted,
the additional complexities in syllabus design, etc.,
would require an extensive effort considered beyond the

scope of this study.

PRECEDING FAGE BLANK




Foreign programs, such as SAPT and NATO Joint Jet
Pilot Training (NJJPI), are considered for computation of
resources only. Syllabus design was not accomplished for
each of these programs under each training alternative.
Rather, flying hours are prorated on the basis of current
syllabi when compared to the USAF UPT program.

CCTS Remain Operating Command Responsibility. Those

training tasks and functions which require a coordinated
crew effort with other than rated pilots (navigators,
bombardiers, electronic warfare officers, loadmasters,
etc.) will remain the responsibility of operating command
CCTS. Likewise, training on or for mission specific and
weapon system specific equipment will be accomplished in
CCES |

Some of the CCTS training can be accomplished within
a specialized UPT training system, and to a lesser degree,
in a generalized UPT system. Specifically, some tasks and/
or functions which are taught in a post-UPT but pre-CCTS
program such as TAC's lead-in training (LIT) could be
accomplished in FUPT. Similarly, some post-UPT training
currently conducted in CCTS is of a proficiency nature,
such as increased training in low altitude approach pro-
cedures. This training is also considered appropriate for

FUPT.

10




Simulation. The use of flight simulators as a major

training medium will continue and probably increase during
the time frame of this study. Air Training Command has
recently purchased several Instrument Flight Simulators

(IFS) for use in the UPT environment. At the time of this
study, pilot training using these simulators had not yet
begun, thus the degree of tradeoff between aircraft and
simulator time has not been firmly established. Therefore
this study restricts the use of simulation to instrument
training only, as is envisioned for the current UPT/IFS
program. The purchase of a new trainer aircraft will require
purchase of simulator cockpits and necessitate reprogramming
of the simulator computers. The number of cockpits requiring
conversion is a function of the type of training system
selected and syllabus design. The conversion costs are
included in the cost analysis of the various system
alternatives.

Purchase of a new mission profile simulator is not
addressed during this study. However, the advances in
simulation technology must be considered prior to final
commitment to new aircraft. Acquisition of new simulators
in addition to reconfiguration of the currently programmed
IFS could reduce the size of buy of new aircraft, reduce

sy.+labus flying hours, and possibly reduce costs.




Study Limited to Aircraft Considerations. This study

recognizes the need for a thorough review of the total
USAF flying training program to include, but not limited
to, UPT, LIT, CCTS, ACE, RTU, proficiency flying, and
continuation training. Such an examination is considered
beyond the scope of this study. This study restricts
itself to those areas conventionally considered in the
realm of UPT; however, it is not constrained by UPT as it
exists today.

A review of UPT training does not address in any areat
detail such peripheral, but admittedly important, items as
computer—-aided instruction, peer instruction, pilot and
academic instructor training, ground-based screening and
selection of pilot candidates, personnel policies, etc.

ATC to Conduct UPT. Air Training Command will continue

to conduct basic flying training. The amount of training
conducted by ATC will be a function of operational require-
ments, cost effectiveness, and commonality of pilot skills
among the various weapons systems.

Aircraft Life. The currently recognized airframe life

of the 7-37 (15,000 hours) and the T-38 (16,000 hours) are

used for all computations. Any follow-on trainer will be

designed for a 15,000 hour life.

e e e i



Production Level. This study assumes a USAF UPT

production rate of 2100 pilots per year in 1982 and
beyond. ANG, AFRES, SAPT, PIT, IPIS, and other programs
are as depicted in Table 4, Flying Training Production

Requirements.

German Air Force (GAF) aircraft and production require-
ments are excluded in this study. Mather AFB T-37 aircraft
in support of Undergraduate Navigator Training (UNT) are
also excluded.

Dollars Used as Index of Merit. Dollar costs used in

this study are for measurement purposes only and are not
budgetary. Dollar costs are used to show the relative
differences in procurement and operating costs among
selected training alternatives. It is assumed that the
relative cost ranking of alternatives will be unchanged
even though actual procurement and operating costs may
differ significantly from those projected in this study.

Proven Technology. Trainer aircraft will be designed

and built using proven technology. Although every new
aircraft involves a certain amount of airframe and engine
R&D, trainer aircraft, considering their limited operational
role, do not appear to be appropriate vehicles on which to
expend massive R&D efforts. From a training viewpoint, such
items as display systems in advance of operational aircraft

systems may even have a negative training impact.
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Aircraft Designed for Training Purposes Only. Only

training requirements will be considered in aircraft
design for purposes of this study. It is recognized that
various operational capabilities may be desired and, in
effect, required. Such items as aerial refueling capa-
bilities, depressible gunsights, ordnance delivery ability,
etc., should be addressed prior to actual procurement of
a follow-on trainer aircraft. However, the inclusion of
these considerations at this stage of concept formulation
serve merely to complicate the process of selecting among
training system alternatives without adding to the solution.
For example, suppose the rank order of aircraft alternatives
is A; B; C. Incorporating an aerial refueling capability
in any of these options will add a relatively constant dollar
cost, K, to each of these options, resulting in a rank
order of A+K;'B+K; C+K--the same rank order as previously
established.

Once a particular training system is selected, it
then becomes necessary to examine in detail the cost versus
training benefit of various operational capabilities. At
that point additional considerations such as use in ACE-
type programs, other post-UPT training programs, mission
capabilities, foreign sales, etc., impact significantly

on final aircraft design and cost.

15




In summary, this study limits itself to aircraft
performance and equipment design parameters considered
necessary in selecting a desired training system for USAF
UPT only.

New Procurement. For purposes of this study, procure-

ment of new aircraft is envisioned. It is considered
inappropriate as a part of this study for ATC to evaluate
the myriad of existing or proposed trainer aircraft designs
currently available from practically every major aircraft
manufacturer, both foreign and domestic. In general an
existing design could reduce initial RDT&E and acquisition
costs but may incur significantly higher O&M costs which
would offset the lower procurement costs on a life cycle
cost basis. The evaluation of existing aircraft or pro-
posed new aircraft to meet future UPT needs is only
appropriate after a decision is made as to the nature
(e.g., specialized or generalized) of future UPT.

Facilities. Existing physical facilities (hangars,
ramp space, runways, warehouses, etc.) are considered
capable of supporting future UPT systems.

Additional Assumptions. This section has listed the

more sicnificant assumptions to be used in the study.
Numerous minor assumptions will be required throughout

the report. These assumptions are contained in the

appropriate section.




IV. FLEET LIFE

The current status of both the T-37 and T-38 fleet of
ATC training aircraft was examined. Based on programmed
production rates, syllabus hours, and aircraft attrition
rates, a projected fleet insufficiency date was derived.
T-37 fleet insufficiency is anticipated in FY 88 and T-38
insufficiency occurs six years later in FY 94.

Current Fleet Distribution

Figure 3 depicts the distribution of the T-37 fleet
by flying hours as of 1 January 1977 with aircraft grouped
in 100 hour increments. Not shown on this chart are 34
T-37 aircraft based at Mather AFB for support of UNT, and
45 T-37s based at Sheppard AFB, which are owned and main-
tained by the German Air Force (GAF). Similarly, Figure 4
depicts T-38 airframe hour distribution, and excludes the
41 GAF T-38s at Sheppard.

As of 1 January 1977, the average T-37 hours per
airframe were 7,905 or slightly over half the design life
of 15,000 hours. For the T-38, the average airframe hours
were 5,488, or slightly over one-third of its design

ke,
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Projected Fleet Life Expectancy.

Figures 5 and 6 plot fleet life expectancy versus
utilization rate. These plots were developed using the
Equipment Litfe Expectancy Model (ELEM) described in
Reterence 4. The ELEM model ages the fleet by evenly
distributing the projected flying hours over the entire
fleet. When aircratt reach their life expectancy (15,000
hours for the T-37, 16,000 hours for the T-38), they are
retired and further flying is distributed over the remainder
of the fleet. The fleet size is also reduced by attriting
aircraft at the rate of one T-37 per 100,000 hours and two
T-38s per 100,000 hours.

Fleot insuttficiency occurs when theve is at least one
less .1ir_crdl't than the total number required to train the
programmed number of pilots.  As shown in Figures 5 and o,
the aircraft utilization rates (UR) gradually increase,
primarily due to aircraft attrition, until many aircraft
acquire sufficient flying hours to be retired. This
causes a dramatic UR increase for remaining aircraft such
that "che UR standard is exceeded and fleet insufficiency
results.

The data and assumptions below were used tor develop-

ing Figures 5 and 6:
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T-=37 T-38

Production PFT 78-3, Oct 1976 Same
AF/DPPTF Ltr,4 Aug 76
Extended Planning Annex(EPA)

Aircraft Life 15,000 Hrs 16,000 Hrs

Student Attrition 9.64% 4.32%

Maximum Utili- 59.0 Hr/Month 55.0 Hr/Month
zation Rate

A/C Attrition 1/100,000 Hrs 2/100,000 Hrs
Rate

Not Operationally 5% 5%
Ready Rate

Syllabus Hours 71.8 Hrs/Stud 98.2 Hrs/Stud

Non-UPT flying programs, such as SAPT, PIT, etc., were
equated to UPT programs in proportion to their flying hours
and student attrition relative to the standard UPT program.
The projected syllabi at Table 5 (expanded in Appendix B)
were used for the conversion. Note that these syllabi
incorporate the use of the Instrument Flight Simulator (IFS)
and subsequently reduced flying hours. Should these
programs not utilize the IFS, an increase in annual flying
hours and shortened fleet life expectancy will result.

This example depicts the methodology used for conver-

sion of non-UPT to UPT students. Given the following:
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SAPT T-37  UPT T-37

Syllabus Hrs/Stud 1372 718

Attrition Rate 9% 9.64%

Production 348 -
Then,

# Graduates (UPT equivalent) =

Syll Hrs (non-UPT) 1-Att (UPT)
Syll Hrs (UPT) < 1-Att (non-UPT)

# Grads (non-UPT) X

or, using the example:

# Grads (Equiv) = 348 X 137.2 x =036

71.8 © .91

= 660

Using the above methodology, projected production rates
in equivalent UPT students are depicted in Table 6.

Figures 7 through 10 provide fleet life data in a
parametric form. For the T-37, enter the chart (Fig 7)
with projected blue suit production (2,100 in example) ;
continue up through equivalent students (3,246 in
example); to the appropriate UPT syllabus hours per
student (71.8); then across to annual T-37 flying hours
(282,308 hours); then adjust for 30,588 additional flying
hours in support of the ACE program to arrive at total

annual flying hours (312,896). On Figure 8, enter at

total annual flying hours (312,896); horizontally to the
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13

current fleet inventory curve; down vertically to projected
fleet insufficiency date (FY 88). The curved lines, labeled
-25 A/C, =50 A/C, etc., represent the effect of giving away
(foreign sales, other programs, etc.) various multiples of
25 aircraft, over and above normal aircraft attrition or
retirement. These aircraft (-25, -50, etc.) were considered
removed in FY 82 for purposes of construction of these
charts. Figures 9 and 10 provide similar data for the T-38
fleet.

The production levels through FY 81 in Table 4, based
on PFT 78-3 (Ref 5), were used to develop these charts;
thereafter (FY 82 on) annual flying hours are read from the
vertical axes.

The slight negative slope of the lines on Figures 8
and 10 is due to the effect of accident attrition, the
more sharply defined slope is due to the effect of

aircraft retirement.
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V. FUTURE FORCE, AIRCRAFT, MISSIONS,

AND PILOT SKILLS

In order to develop future UPT reguirements, it first
became necessary to examine projected future operational
requirements. After determining the types of future
systems for which pilot training will be required, pilot
skills for these future mission aircraft were examined.
In this way, the future operational requirements can be
translated into training requirements to be met by the
future UPT system alternatives.

Future Force Missions/Aircraft

Based on results of the fleet life expectancy for
current UPT aircraft, the period for a future UPT (FUPT)
system was determined and defined to be from 1986 to
beyond 2000 (1986 - 2006). A limited review of projected
Air Force missions and key characteristics of aircraft to
perform these missions in this time frame was performed.

In addition, existing technology, research and development,
along with projected technological advances for future air-
craft systems were considered.

Future Aircraft Mix. The following aircraft are

expected to make up the active Air Force inventory during

the time frame for implementation of alternatives of this

33
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study (Ref. 6, AFSC Planning Activity Report).

- F-4, F-15, F-16, F-106, F-111, Advanced Tactical
Fighter (ATF), Advanced Manned Interceptor (AMI)

- B=52, FB-111, B-1

- A-7, A-10

- 0V-10, FAC-X

- RF-4, SR-71, RF-X

- (C-130, C-141, C-5, Advanced Medium - Short
Takeoff (AMST)

- KC-135, Advanced Tanker-Cargo Aircraft (ATCA)

- E-4A, Airborne Warning and Control System (AWACS)

Orbiting Vehicle, Lighter-than~Air

Many of the above systems are currently in the inventory and
will be replaced by‘follow—on aircraft. Others are only at
the stage of concept feasibility and may never prove out,
let alone enter production.

Space Missions. Space missions are not considered to

impact future UPT for two reasons: (1) space missions are
considered as requiring highly specialized training, even
into the year 2000; and (2) at most, only a handful of UPT
graduates would enter such a training program. USAF pilots,
with proven flying abilities, will be selected for various
NASA space missions such as the space shuttle. In addition,
as in previous space programs, some civilian astronauts

may acquire basic flying skills in the future UPT program.

34




ftowever, the rationale for sending the civilian astronauts
through UPT was to teach basic flying skills, thus, in effect,
confirming the fact that basic flying skills are required,
cven for sophisticated space missions.

'.‘.'S?,’!‘,‘,“_’,‘ﬂ‘.‘_)'_' Technological advances in aircraft design,
performance, and cquipment will continue. These advances
may lead to increased automation in flying, thus making
flying "easier," e.q., automatic landing systems, automatic
navigation systems, terrain following, etc. However, auto-
mat ton will not rveplace the need tor acguiring basic flying
skills in the event of cquipment malfunction or cequipment
destruction 1n a combat environment. PFurthermore, such
equipment is likely to be highly weapon system specific
and of insufficient commonality to warrant inclusion in
a upT system,

Future Pilot Tasks/Skills

A review was made of the pilot skills and task common-
ality analyses performed for the Mission Analysis. An
extensive pilot sKills analysis was porformed and coordinated
with the MAJCOMS by the Mission Analysis Study Group, which
included representatives from otherv command:s.

Another task analysis recently conducted for the Low
Cost Alrcraft Definition Study (Ref. 7 & 8) reaffirmed the
previous Mission Analysis work. This task analysis examined
representative mission profiles for the r-4, ¥-111, B-52,

C=5/141 aircraft.




These pilot tasks and skills for current and future
systems have again been reviewed as a part of this study.
Since the same or very similar aircraft are projected for
the future Air Force mission as were used in the prior
analyses, no further task analyses were performed during

this study.
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VI. TRAINING REQUIREMENTS

The FUPT Mission Analysis identified a set of 30
training requirements which could be taught in the UPT
environment. These requirements were selected based on
a comprehensive task analysis of functions performed by
USAF pilots. These training requirements were recently
revalidated by the using MAJCOMS during the ATC/DO Dual
Track Study.

It is recognized that some MAJCOMS may feel that some
of the listed training requirements are inappropriate for
UPT. For example, Tactical Air Command (TAC) considered
three of the 30 requirements (tactical formation, basic
fighter maneuvers, air-to-ground fundamentals) as the
responsibility of the operating commands.

A definite "parochialism" exists on both sides of
the training fence, within ATC and within the operating
commands. Subsequently, this study first compares train-
ing systems which include only 26 of the 30 training
requirements. A further comparison is made with a 30
requirement system.

Some changes in definitions and some reorgyanization
of these training requirements have occurred through the
continual study processes above; however, they remain

substantially unchanged in character. Of the original 30

S




training requirements, two changes have been identified:

(1) combine Spin Recognition and Recovery and Stall

Recognition and Recovery into one requirement--Departure
Recognition and Recovery; and (2) add Airborne Rendezvous
as another requirement.

The T-37 was designed with excellent spin characteris-
tics in order to satisfy the need for spin training required
for the aircraft inventory of the time. Current and future
aircraft are being designed highly spin resistant or
capable of a "hands off" recovery. Subsequently, it
appears unnecessary to retain this system specific feature.
However, stall recognition and recovery procedures remain
as a valid training requirement. Numerous aircraft have
missions which require operation at the extremes of the
flight envelope. Departure from normal flight may take
several forms, including spins, spirals, stalls, etc.

These characteristics are recognized and are addressed
as a training requirement--Departure Recognition and
Recovery.

The added training requirement, Airborne Rendezvous,
focuses on the increased and/or continued use of in-flight
refueling, cell formation, ground target identification and
attack, search-and-rescue, etc. Although not previously

identified as a training requirement, it is considered of

sufficient task commonality to be included in this study.




Several additional candidate training requirements
were considered and rejected for various reasons, usually
because they were highly oriented toward a specific
weapon or mission. One candidate requirement which has
repeatedly surfaced is In-Flight Refueling. It is
acknowledged that nearly all future weapons systems will
incorporate an in-flight refueling capability. It is
therefore worthy of further examination at this point.

To quote directly from the Mission Analysis:

This candidate was deleted. The high
commonality with formation training
adequately prepares the graduate for
this advanced skill. There is little
possibility that tanker support will
be available for Future Undergraduate
Pilot Training. The operational
problems of implementing this training
in Future UPT, considering the require-
ment for a dummy tanker and the
increased air traffic control load

for rendezvous, offset the advantages
of introducing this training in Under-
graduate Pilot Training.

To further expand on the In-Flight Refueling question,
the refueling segment of a task analysis for an F-4E Air-
to-Ground mission is presented on the following page as

Table 7.
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Table 7

SAMPLE TASK ANALYSIS

Segment: Perform Refueling Operations
Function: Execute rendezvous maneuver

- Monitor radar display to detect tanker

- Establish communication with tanker

- Monitor comm/nav system to detect tanker

- Monitor flight instruments and displays

- Visually scan appropriate airspace to detect
tanker

- Adjust propulsion subsystem as required for
joinup and formation on tanker

- Operate flight controls as required for
joinup and formation on tanker

- Use speed brakes if required during joinup
on tanker

Function: Configure A/C for refueling

- Set air-to-air refuel subsystem controls for
refueling

- Trim A/C prior to refueling

- Deactivate Automatic Flight Control System
prior to refueling

- Check radar and armament power switches set
as required

Function: Execute hookup and fuel transfer
procedures

- Monitor boomers clearance and position
directions and director lights

- Adjust propulsion subsystem as required for
contact and refueling

- Receive and acknowledge tanker and receiver
contact signal

- Check fuel quantity and distribution during
refueling

- Trim aircraft as required during refueling

Function: Execute disconnect and breakaway
procedures

- Communicate disconnect signal for simultaneous
disconnect

- Maintain stablized position until disconnect
confirmed

- Cross-check director lights and visual
position until disconnect confirmed

- Receive boom-free report

- Reset air-to-air refueling subsystems

40




Note that several tasks are the result of subsystems

operation (switchology) and communications procedures.

Aircraft control operations consist primarily of ren-
dezvous and station-keeping (formation) operations.

The actual skills which are peculiar to in-flight refuel-
ing are actually quite limited in number; hookup,
compensation for changing center of gravity, and
disconnect. These operations are quite system specific
in themselves, depending on receptacle location and
trim/control pressure rates of change during the fuel
transfer. Therefore, In-flight Refueling as a training
requirement for FUPT is deleted from this study.

Table 8, Pilot Training Requirements Summary,
summarizes the training requirements identified as appro-
priate for FUPT during this study; those currently taught
in UPT; those identified by the Mission Analysis; and o
those training requirements recently validated during

the Dual Track Study. Expanded definitions of each

training requirement are contained in Appendix C.
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VII. TRAINING ALTERNATIVES

The desired goal of any pilot training system is to
place a fully qualified, mission-ready, pilot/crew into
operational aircraft. This training is by no means
accomplished entirely within UPT; numerous CCTS and RTU
schools attest to this fact. Each operational aircraft
and its mission requires a certain level of proficiency
in a large number of pilot skills and tasks. The instruc-
tion and acquisition of these skills in the most cost-
effective manner is an obvious objective of a pilot training
system,

The training requirements previously described form
the basis for devising alternative training systems. It
should be noted that nearly all of the training require-
ments identified can be taught to a certain degree in
practically any combination of aircraft, with the amount of
flying time devoted to each training requirement serving
as a major determinant of the level of proficiency attained.
For example, increased proficiency in low-level navigation
can be obtained within the current UPT program by devoting
additional flying sorties to this area. The particular
aircraft used to accomplish this training may be some-

what secondary. However, the ability to perform the low




level navigation mission satisfactorily in operational
aircraft depends not only on the acquisition of the basic
procedural skills, but the similarity in airspeeds and
altitudes used in the training environment versus the
operational environment.

Therefore, it must be recognized that merely teaching
basic flying skills is not the sole responsibility of
ATC/UPT, but rather to train military aviators capable of
upgrading into operational USAF aircraft with minimal
additional training. TIdeally, post-UPT follow-on training
should be limited to checkout in mission-unique aircraft,
equipment, and procedures.

Under these assumptions numerous training system
alternatives have been identified for FUPT--many of which
were explored in the Mfssion Analysis. Figure 11, Train-
ing Alternatives, depicts some systems which were examined
in this study.

The present, non-IFS, UPT syllabus (90 T-37 hours,

120 T-38 hours) is not depicted; however, the projected IFS
syllabus is used as a baseline. This syllabus provides
71.8 flying hours in the T-37 phase and 98.2 in the T-38
phase for a total of 170 hours. The plus or minus (%)
indicates the potential to increase or decrease phase

flying hours or total hours depending on the training
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philosophy selected and on the equipment/performance

characteristics of new trainer aircraft. For example,

use of a flight director system in a primary trainer could

reduce training time in a similarly equipped basic trainer.
Since the T-37 fleet is not projected to last beyond

1988, the first alternative would be to modify the T-37

aircraft in some fashion to extend the fleet life and/or
change equipment so as to reduce 0&S costs. For example,

an unsolicited engineering change proposal, ECP 391 (Ref. 9),
by the Cessna Corporation, builders of the T-37, would

extend the design life to 18,000 hours and reduce fuel

consumption 47% by reengining the T-37 with turbofan engines. 3
A second alternative, shown in Figure 11, is to :
replace the 20 year old T-37 with a new aircraft (designated
XT-1 for purposes of this study). In very general terms,
this replacement aircraft would have performance characteristics
in the class of the current T-37, with turbofan engines,
modern avionics, and significantly less grosé weight. As
noted in Figure 11, the potential exists to increase the
flying time in the XT-1, thus reducing T-38 flying hours
and extending the T-38 fleet life.
The XT-1 could also be designed to fulfill the Tanker-
Transport-Bomber (TTB) leg of a dual track FUPT system,
as well as filling the primary trainer role of the Fighter-

Attack-Interceptor-Reconnaissance (FAIR) leg of such a

system.




Another alternative is selection of a single aircraft
‘which would replace both the T-37 and the T-38 aircraft.
This all-through aircraft is designated as the XT-2 for
purposes of this study. Conceptually, this aircraft would
be a high subsonic, twin turbofan, tandem seated aircraft.
This alternative offers several possibilities for 1life
cycle cost savings, especially in the logistics area
(support only one aircraft), as well as a potential overall
syllabus reduction (from 170 hours) as training time to
check out in a second aircraft would no longer be required.
Conversely, additional training could be accomplished within
the 170 hour framework. For comparison, a syllabus main-
taining graduate quality with reduced flying hours is used.

An of fshoot of the all-throuagh aircraft is the possi-
bility of building two aircraft with a high degree of
subsystem commonality (engines, avionics, gear, flight
controls, etc.) but with different seating arrangements
(side-by-side in one, tandem in the other). This concept
uses the designation XT-2A and XT-2B, with the A model side-
by-side, and the B model with tandem scating. The actual
feasibility of this concept has not yet been determined, but
it presents interesting possibilities. Corollary to this

concept is using these two aircraft in a dual-track system.
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An additional alternative (XT-3) is an aircraft
specifically designed for use as both a primary trainer
and a basic TTB trainer. This aircraft, in general
terms, would have three-place seating, twin turbofan,
and increased range and speed over the XT-1 alternative.

The last alternative proposes the purchase of two

aircraft; the XT-1 for use in the primary phase of a dual

track system, the XT-3 for use in the TTB leg, and continued

use of the T-38 in the FAIR leg.

Candidate FUPT Systems

Several of the alternatives presented were discarded
after closer examination. Three basic candidate systems
remain as depicted in Figure 12, Candidate FUPT Systems.
The following paragraphs summarize the reasons for delet-

ing various alternative systems.

Modified T-37. This alternative was eliminated due

to the high cost of the Cessna proposed reengine modifica-
tion as compared to the additional increase in fleet life.
Evaluation of the Cessna proposal indicated that it would
merely delay the requirement to acquire new aircraft for a
few years, while extending fleet life almost long enough
to pay for the modification (Ref. 10). This was confirmed

by HQ USAF/ACMC (Ref. 11).
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XT-1/T-38 Specialized UPT. This alternative was

eliminated due to the limited potential of a two-place
aircraft to satisfactorily train the TTB leg of a dual
track system. During the Dual Track Study this point was
strongly emphasized by the operating commands in reference
to use of the existing T-37 as a TTB basic trainer.

XT-2A/XT-2B. Although an interesting concept, the

time required to adequately determine the feasibility of
this concept excluded it from further consideration. This
"high-commonality" approach also seems to be more of an
implementation scheme than a true alternative. A third
reason for rejection was that the "B" version, if tied to
sufficient commonality with the "A" version, would be
deprived of technological advances accruing during the phase-
in cycle (first the "A" model as a T-37 replacement, then
the "B" model as a T-38 replacement). Experience with the
numerous F-4 versions indicates that this may not be a
serious drawback.

FUPT Aircraft Performance Requirements

In order to determine the most cost effective training
alternative, it is necessary to design, in a preliminary
fashion, various aircraft which meet a set of desired
performance and equipment parameters. The performance
requi AWM 11sted in Table 9 for the XT-1 (T-37 replace-
ment), the XT-2 (all-through aircraft), and the XT-3 (Dual

Track) are an initial set of requirements only.
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FUPT Aircraft Equipment Requirements

Table 10 provides a list of desired equipment for
the three aircraft. Several items are noted with an
asterisk (*) which denotes a possible optional capability.

Cockpit Configuration. Although numerous cockpit

seating configurations have beén proposed, they generally
fall into three categories: side-by-side, tandem, and
three-place. From strictly an instructional viewpoint,

the side-by-side configuration appears to be advantageous,
whereas the tandem arrangement is better suited to higher
performance aircraft and FAIR follow-on aircraft. A three-
place trainer is better suited for TTB training and for

use in a "dynamic observer" concept. An evaluation of

the advantages and disadvantages of side-by-side versus
tandem seating is presented in Appendix F.

FUPT Aircraft Maintenance Considerations

Any future trainer aircraft must be designed with
maintainability uppermost in mind for several reasons:
(1) the high number of flying hours expended annually by
ATC, (2) low experience levels of student pilots, and (3)
relatively long service life of trainer aircraft. Design
parameters for logistics support are listed below.

Technological advances may require modification to these

parameters in future design iterations.

s,

93

D A Sl £ 2




«0H ‘doe33e
-jo-a1bue ‘1030211Q
IYbTTd ‘uwe3sés
30uUa1933y bButpesy
(31dspo0 s,3071d-00)

TeTP punoa pue 1030311
jess paty3 (31dp00 s,3071d)  3JYBITd ‘3Oe33e-3O
3e YBT3 103 «2de3 TedT3I9A  -37BUR ‘TRTp punoy
unutuIw snid ‘33e-3Yy3-3J0-93P35 ‘31e-3y3-3J0-93L1g
TeUOTIUSAUO) TBUOT3USAUO) TRUOT 3JUSAUO) 3YybTIT3 ‘s3juswnaysur  °¢

(31d3000 5,3071d-00)
TeTp punoi pue
(31dspo0 s,3071d)

x3de3 Tedr3asp x2de3 TedT3asp TeTp punox
‘3ae-3y3-3JO-23P3S ‘3IP-3Y3-JO-93P3S ‘31e-3Yy3-J0-93P35
TRUOT JUSAUO) TBUOT JUSAUC) TRUOT 3USAUC) suthug ‘sjuaumaysur ‘%
O
I03BDOTPUT UOT3TSCd Usel) =
aureg aureg ! ¥30UBPTOAY UOTSTTTOD Te103dg ‘sotuotay  °f
uoorag I9yIBW uooeaqg M
‘d15/441 aayaey
‘¥STW 20 STI &‘SdD ‘JIS/44I x‘STW 10 STI
Z-IX se sueg 90N ‘' NWOYL »/SdD ‘IWd-¥0A uctiebraenN ‘sotuotay 7
wodI33UT
S)TW 3OH wodI93UT woda33uT
*'JHA ‘JHN 9YTW 3I0H ‘JHN 9XTW 304 ‘JHN SUOTIBDTUNUIDD ‘SDTuUOTAY  *1
£-IX ¢-IX . T-IX aa3aueaeg ubrsag

SINIWTIINGEY INFWIINDI

0T @T9®eL




kooo W ho ° uot3jeanbrjuo) Buriess °pT

m pspt1A0ag popTAOI] pepTAOId wo3sAs Aousbasuy piepuels g7
aures aueg 0137-0137 we3sAs adeosy °Z1
: ¥UOT3RZTaNSS31d
+,, y3og y3og ‘usbixp UOT3RZTaANSS3a1d B USbAXQ °*TT
| aureg aureg sasbbogyaqg saobbojop ‘aad1m PTSTUSPUTM °0OT
3 putot-13UR
o13e3s-3031d ~
pue ssuea spInb n
Surres aureg ISTUT ‘PTSTYSPUTM 90T-T3ue Sutbus ‘PTaTyUSPUIM 6 |
Adoue) %
pep1AOld popTAOad popTAOad PTSTYSpuT™M Jooid-palg °8
papTAOad papTAOag pep1a0ag Butuot3Tpuo) Ity L
Toued

uoT3ined aajseu
‘butacytuow JyBTT
aures aureg TPUOT JUSAUO) butaojTuoy snieis °g

€—IX Z-IX T-IX aa3aumIeg ubtsag

SINIWIIIN0FY INIWIINOT

(P,3u0d) 0T °19eL




Airframe

(1) At least 95% of systems components (normal
removal and replacement) should be accessible from
exterior doors.

(a) Equipment bays are preferable to minimize
removable or hinged exterior panels.

(b) Access panels hinged at front to prevent
inflight panel loss.

(c) Ground level access to all system components.

(d) System components should be centrally located
in one equipment bay whenever possible.

(2) Flight control system should only be touched
while performing flight control system maintenance.

(a) Maintenance of non-flight control components
should not require handling, removal, disconnection, etc.,
of flight control components.

(b) Cabled flight controls where possible.

(3) Radios should work off battery when engines not

running.
(4) Redundancy in critical systems
(a) flight controls
(b) electrical sources (generators, inverters,
etc.)

(¢c) communications

(d) attitude instruments

w
oo}




(5) Engine changes should not require aft section
removal, aircraft jacking, etc.

(6) Basic structural members, including exterior
covering, should be designed for organizational/inter-
mediate maintenance with stress on ease of maintenance.

(7) Sophisticated manufacturing processes should be
avoided.

(8) Aircraft should have a built-in storage/cargo
compartment capable of carrying most aircraft components
(excluding big, bulky items) and/or clothes.

(a) enhances off station support

(b) safer than stuffing clothes under seats,
in communication equipment bays, etc.

(c) eliminates need for an external pod

(9) Windscreen/canopy design should provide good
optics while providing reasonable resistance to bird
strikes.

(10) Tire changes should be simple, no door removal,
etc.

Power Plant

(1) Engine should be selected or designed to maximize
fuel conservation.
(2) Maximize engine subsystems to reduce maintenance

costs, e.g., no afterburner.




(3) Engine selection should be based on maintain-

ability as well as performance.

(4) Basic engine components (igniter plugs, exciter,
transmitters, gear box driven equipment, etc.) should be
accessible without engine removal.

(5) Engine(s) should be capable of starting without
an external power/air source.

Mission Profiles

For each training alternative there are several typical
missions which would be flown to accomplish the desired
training objectives. These missions vary in altitude,
speed, range, maneuvering, etc. Of each set of missions
for a given training alternative, a subset of missions will
act to bound the aircraft design. For example, a two-hour
navigation mission could be accomplished with aircraft of
several fuel capacities. However, designing an aircraft
capable of a five-hour navigation mission would be highly
questionable if no mission requires such capacity. There-
fore, to accomplish the navigation mission, the two-hour
fuel endurance (plus appropriate reserves) serves as a
design parameter for "sizing" the aircraft from the naviga-
tion viewpoint. A low-level navigation mission of, say,

1 1/2 hours, since it would be flown at lower altitudes
and different airspeeds, may require an increased fuel

capacity over the two-hour navigation mission. If this is
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the case, then the low-level mission becomes the "sizing"
mission. Similarly, a 1.3 hour aerobatic mission may
ultimately become the "sizing" mission from a fuel capacity
viewpoint. Airspeeds, altitudes, etc., similarly influence
or bound the aircraft design.

Figure 13 depicts a sample mission profile for an
advanced -contact mission to be flown in a primary trainer
aircréft (XT-1). The horizontal axis depicts time, in
minutes, from engine start to engine shutdown. The left-
hand vertical axis depicts altitude, in feet. Running
horizontally across the top of the chart is a series of
numbers which correspond to a more detailed description
of each maneuver. These maneuvers are described in
Tables 11 and 12. A complete set of mission profiles is
contained in Appendix D.

The mission profiles depicted, as with performance
and equipment requirements, are for conceptual design
use in this study and represent a "best guess" only. The
profiles developed herein are certainly subject to change,
further examination and definition may be required prior

to future aircraft design efforts.
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Table 12

Maneuver Description - Advanced Contact Mission

1. Start/taxi - previously explained/self-explanatory.

2. Takeoff - previously explained/self-explanatory.

3. Climb/level-off - generally consists of climbing the
aircraft at its best climb speed and leveling off at a
locally specified altitude.

4. Cruise to auxiliary airfield - normal cruise along a
locally designated ground path to an auxiliary airfield.

5. Descent/pattern entry - previously explained/self-
explanatory.

6. Traffic pattern work - due to traffic pattern congestion
at the home field, all traffic patterns except the full stop
pattern are completed at the auxiliary field. Time spent at
the auxiliary airfield is inversely proportional to the
skill level of the student. There is no set pattern for
ordering traffic patterns, but generally, the sequence is as
follows (for an advanced student): straight-in approach,
normal overhead pattern, single-engine overhead pattern, no-
flap overhead pattern. One of the overhead patterns in the
sequence 1s normally reserved as the full stop landing at
the home field. Go-arounds and low approaches are flown
when necessary. To save time, most overhead patterns are
flown using a closed traffic pattern entry.

7. Climb/level-off - consists of departing the auxiliary
field and climbing to the locally designated point where an
assigned area can be entered. Climb is at best climb speed.
8. Cruise to area - optional, since some local area procedures
allow climb direct to an area. Generally, however, some
level cruising, at normal cruise, is encountered prior to
reaching the assigned area.

9. Area work - begins with a change of power to enter the
assigned area, and ends with a change of power to exit the
assigned area. Includes the performance of required maneuvers,
and time to analyze, set up and critique those maneuvers.

An absolute minimum of 100 square miles of airspace are
required for each area. Areas are usually stratified into
high (15-22,000') and low (7-13,000') blocks for maximum
utilization of airspace.

10. Area exit/descent - consists of a descent to a locally
designated altitude, and compliance with a locally designated
return route. A climb may be necessary from a low area, but
normal area exit entails an idle to reduced power letdown.
l11. Pattern entry - previously explained/self-explanatory.
12. Full stop landing - consists normally of the overhead
pattern not accomplished at the auxiliary airfield.

13. Taxi/engine shutdown - previously explained/self-explanatory.
14. Reserve - previously explained/self-explanatory.
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Syllabus Development

The training syllabi developed for purposes of this
study are quite general in nature. No attempt was made
during this study to develop a detailed syllabus. The
syllabi depicted in Table 13 are only for UPT under each
of the selected training alternatives. Whenever non-UPT
programs needed to be considered, an equivalent production
or flying hour figure was calculated in the same proportions
as under the projected UPT-IFS syllabus (see Table 5).

A prime function of syllabus development, for purposes
of this study, is to identify the total flying hour require-
ments so as to cost out the various alternatives. Actual
syllabus development is a fairly lengthy process; the
exact composition of dual, solo, team sorties, as well as
number of sorties devoted to each training category, varies
as experience is gained in a particular training system.

At this point it is important to reiterate that these

syllabi do not envision any significant differences in

graduate quality. This was purposely done to ensure a

common basis for cost comparisons.

A very real consideration, which should be addressed
prior to actually committing ATC and USAF to a particular
UPT training system, is the total USAF flying training

program. We have seen a significant increase in the
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training roles of the operating MAJCOMS as evidenced by
increased CCTS, TAC lead-in training (LIT), and the ACE
program. Some programs, such as ACE, are a result of
reduced flying hours USAF-wide, and a resultant increase
in the length of time required to "age" a pilot. Other
programs, such as lengthened CCTS and LIT, are designed
to teach or further enhance somewhat basic, mission-
oriented, flying skills and procedures. Admittedly, a
certain portion of this training is utilized for transition-
ing from trainer to operational aircraft.

Two major drawbacks to increased post-UPT training
are readily evident: (1) training is performed in more
expensive Unit Equipment (UE) aircraft, and (2) operational
pilots must be dedicated against a training rather than an
operational mission.

Concept Designs

Several conceptual design iterations were performed by
AFSC/ASD for each class of aircraft--XT-1, XT-2, and XT-3.
A representative design from each series was selected for
comparison. Neither airframes nor engines represent
existing, off-the-shelf equipment, but are of the "paper"
category. Sufficient technology exists, however, to
produce these aircraft or some derivative thereof. The
concepts provided are subject to further study and refine-

ment--in particular the somewhat unconventional XT-3

68




concept. The designs presented here serve only to provide
an estimate of acquisition and operating costs for the
alternative UPT systems.

Figures 14 through 16 depict the three candidate air-
craft. Figure 17 is a comparative profile view of the
three aircraft. Table 14 summarizes performance capabilities
of the candidate aircraft. It should be noted that design
work is at the conceptual level and only of sufficient
detail to allow a comparison of alternative training systems.
A more detailed discussion of airframe and engine characteris-

tics is being prepared as ASD report Next Generation Trainer.

Concept Cost Data

Aircraft RDT&E and acquisition costs were estimated via
the Rand DAPCA III model for estimating development and
procurement costs of aircraft (Ref. 12 & 13). Figure 18
plots aircraft acquisition costs as a function of procure-
ment level for each of the candidate aircraft.

O&M Costs. O&M costs constitute a significant, if
not predominant, share of aircraft life cycle costs.
Unfortunately, cost estimating relationships for such items
as Depot Maintenance, Maintenance Material, and Replenish-
ment Spares costs per flying hour were unavailable for this
report. Therefore, estimates were based on current trainer
aircraft for which such costs were available in AFM 173-10

(Ref. 14).
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Depot Maintenance, Maintenance Materials, and Replenish-

ment Spares costs for the XT-1 were estimated based on:

(1) current T-37 values, (2) estimated values for a T-37
modified with turbofan engines, and (3) values developed

for use in the Low Cost Aircraft program for a side-by-side
proficiency trainer. A "best guess" value for the XT-1

used the mean of values provided in (2) and (3) above.

Both a lower and upper bound were developed by using the mini-
mum and maximum values of (1), (2), and (3) above.

A "best guess" of Depot Maintenance, Maintenance
Materials, and Replenishment Spares costs per flying hour
for the XT-2 was obtained by using the mean of current
AFM 173-10 values for the T-37 and T-38. Lower bounds
were derived using the midpoint between the XT-2 means,
derived above, and the T-37 values. Upper bounds used
the midpoint between the derived XT-2 means and current
T-38 values.

Per flying hour costs for the XT-3 were generated in
the same manner. However, T-39 costs were used instead
of T-38 costs due to the similarity in performance between
the XT-3 and the T-39.

Direct maintenance manhours per flying hour were
computed via a Northrop set of equations. An upper
bound for maintenance manhour per flying hour was derived

by adding 20% to the previously derived factors.
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Aviation POL costs per flying hour were based on fuel
consumption rates provided by ASD and an into-plane fuel
cost of 44.1 cents per gallon.

Table 15 summarizes flying hour costs used in this
evaluation.

Aircraft Production Requirements

The total number of new aircraft required under each
option is a function of annual flying hours. Aircraft
monthly utilization rates of 60 hours per month are used
for each option. (Monthly utilization rates are dependent
upon sortie length, turn time, and, predominantly in ATC,
available daylight hours, see Ref. 15.) Using an 11 1/2
month training year, and a Not Operationally Available
rate of 5%, aircraft requirements are computed by the follow-

ing formula:

Aircraft Required =

Annual flying hours
12 months

X lll%lg + 60 hrs/mos X 1.05

In addition, aircraft must be procured to account for
accident attrition. In the case of the XT-1 and XT-3
options an aircraft attrition rate of 1/100,000 hours is
used; for the XT-2, 1.5/100,000. Over a 20 year period

additional aircraft required are computed by:

Annual flying hrs

T 20
100,000 X Attrition rate x

Additional A/C req'd =

7/

yr
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By entering Figure 19 at total "annual flying hours,"

one can readily determine the required procurement level,

Phase-~in Schedules

Phase-in schedules were developed for each alternative
based on production levels and syllabi previously discussed.
Table 22 in Appendix H depicts, by month, cumulative air-
craft production, available monthly flying hours, and
cumulative annual flying hours based on a production rate
of 20 aircraft per month, 60 hours per month utilization
rate, 11 1/2 month year. For purposes of evaluation, a
straight line procurement program is used; however,
alternative phase-~in programs could possibly be developed
which maximize T-37 fleet li<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>