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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 that’ Air Training Command~ develop and examine

alternatives for replacement of the aging T—37 along

with options which provide a more economically trained

gradua te, (Reference Appendix A).~ This study reports the

results of that examination .

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 (b C )  of 1986 for the selected new aircraft .

However , these dates are subjec t  to significant chanqe

should there be any substantial increases in programmed fl y-

ing time due to additional programs or other changes.

Examples of this type include NATO Joint Jet Pilot Traini ng

or expanded Copilot En richment (ACE) ; ~ 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  i n i t i a t ed, will

accelerate fleet insufficiency and reduce the available

lead time .
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The length of the  a ir c r a f t  acquisition cycle (up

to 11 y e a r s)  demands t h a t  p l a n nin q  should beg in as e a r l y

as possible .

Current and projected future manned aircraft weapons

systems characteristics and capabilities were reviewed

to determine thei r impact on future pilot training, aircraft

performance , and equipment requirements. This review

ind icated tha t technoloqical advances will lead to many

improvements  in the p e r f o r m a n c e  cha rac t e r i s t i c s  of f u t u r e

aircraf t. Modern avionics and fliqht data computers will

further automate or assist with various pilot tasics and

func tions. However, it was concluded that the need to

acquire basic f l y i n q  s k i l l s  is r e l a t i v e l y  unchanqed since

future pilots will still need to revert to basics  should

these advanced s y st em s  f a i l  in combat or due to equi pment

m ~l f u n c t i o n .

Detailed future u n d e r g r a d u a t e  p i l o t  t r a i n i nq  (FUPT)

requirements were thorouqh 1~ developed in the Miss ion

Analysis (Reference 1). Tht~
;e requirements were ziqain

studied and \‘~1lidat.ed i n  Uie ~ene r~i l i zed -~~%) ec ia l izcd  (Dua l

Track ) Study (Reference 2).

A review of ~hese pil ot trainin g requirements in view

of future manned weapon systems leaves previou sly well

documented training r e q u i r e m e n ts  l a rge l y i n t a c t  w i t h  o n l y  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ j
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very minor modification. The Spin Recognition and Recovery

requirement was combined with the Stall Recognition and

Recovery requ i rement  and renamed Depar ture  Recogni t ion  and

Re covery . A new t r a i n i n q  requi rement , Ai rborne  Rendezvous ,

was added to r e f l e c t  the increas ing  role of i n — f l i gh t

r e f u e l i n g  or r d l l  f o r m a t i o n .

A l t e r n a t i v es

Numerous  t r a i n i n g  sys tem a l t e rna t i ves were s tudied and

e v a l u a t e d . Four sys tems were subsequent ly  selected as

candida tes  for  de ta i l ed  examina t ion  and considerat ion as

descr ibed below :

( 1) Option I - XT-l/T-38.  This is a gene ra l i zed

UPT system with  the XT-l designed as a pr imary  je t  t r a i n e r

replacement  fo r  the T — 3 7 .  The T— 38  would be re ta ined as

the basic  phase t r a i n e r  u n t i l  i t , too , requi red  replace-

men t .

( 2 )  Option II - XT -2. This is a genera l ized  tJPT

sys tem w i t h  a s ing le , a l l — t h r o u gh a i r c r a f t  ( X T — 2 )  designed

to rep lace  both the T — 3 7  and the T — 3 8 .

( 3 )  Option I II~ - X T - 3/ X T - 3 / T — 3 8 .  This is a

s p e c i a l i z e d  UPT sys tem w i t h  a sinq i e  new a i r c r a f t

p r o v id in q  both m u l t i - e n c in e  bas ic  t r a i n i n g  for  Tanker—

Transpor t -Bomber  (TTI3 ) p i l o t  c and ida te s  as wel l  as p r imary

ohase t r a i n i ng  f o r  a l l  ~‘~~T st u d e n t s .  The T— 3 8  would be

r e t a i n e d  to p rov ide  ba:~ ic  ~r a i n i nq  for  F i q h t e r — A t t a c k —

I nt er c e p t o r - R e c o n n a i s s a n ce  ( 1~, \ I R )  p i l o t  cand ida t e s .  The
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X I ’ — 3 would  be d e s ign e d  w i t h  a m i i ~imum of t h r e e  seats  to

p rev i do TTB t r a i n i ng  and wou hi be capable of  acrobatic

m an eu v e r i ng  f o r  b a s i c  f l ig h t  t r a i n i ng

( 4 )  ~~~t i o n_ I l I B - X T — l/X T~~ /~~-38 . This  is a

spt ’ci a l l ~ed t’PT system uti 1 i~ i nq t h r ee  a i r c ra f t  , two of

w h i c h  a r e  new . The X T — l f u l  N Us t h e  p r i m a r y  t r a in e r  r o le

as a T— 37 r e p l a c eme n t .  The X T — 3  is u t i l i ze d  as a ‘I’TB bas i c

t r a i n er . The T — 3 8  is r e t a i n e d  as a F A i R  b a si c  t r a i n e r .

P e r for m an c e  and equi pmen t  p a r a m e ter s , a long w i t h

represen t ,i t i ye mi S S i on p ro f  i Ic s , fo r c achi of t h e  t h r ee

new ai r e r a ft  id en t ~ l ied  ~d’ove (XT— l , XT—2 , X T — 3 )  ~ erc

st ibm i t  ted t o Ac r o n a n  t i cal  Svs t ems P i vi si Oil (AF SC . ASD)  or

concept nal des i on and cost in f o r m a t  ion . Th i s conc ept

des i qn and cost  d at  a were  used t o rank  o rde r  the f o u r

a l t  e m a t  i ye UP T sy s tem s  p r e v i o u s  l v  d e sc r ibed .

Repr ese nt  at  lye sy l l a b i  ~ere d e s ig n ed  f or  each a l t e r —

n at  i ye svs em and are  dep i Ct  ed be I ow (1’ ig . 1) . I i i  orde r

to p r~ v ~1e .i v a l i d  b a s is  fo r  cost compar i sons  , sv 1 labus

hour s  were  s el e c t  e d to produce q i -adua  t e s of app ro xi  ma t e l  y

e~iu a l  ~iu a l  i t y ,  r eqard~ ess of t h e  s v s t , ’m . Mor e speci  t I —

cal  lv , t hese  p a r t i  cu lar  sv 1 lab i  do not  c o n t e m p l a t e

si qn i f i c a n t l v  r e d u c i ng  pes t  — U P T  t r a i n i n g  t h u o u g h i  i n cr e a se d

UP T t r a i n i n g .

\ . i
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F i gu r e  1
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The c u r r e n t  UP T ge n e r a l  i ~ed training svs tern is o f t e n

vi  eWe d as 1 ~e in  q f i g  h i t  e r — o r  i en ted  due t o its course  st r uct  U

and i t s  use of t l ie T— 38 as a has i c t ra i ncr . Thi is  i s some—

whi a t o I a pa m a d o x  when Iii stem i ca 11 v onl abou t  40 ‘~‘ of  t h e

UPT o rad~ia t  es h a v e  gone to  f i qht. e r—or i en  ted ass i gl imen t S
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The resu lts of this analysis confirm those previously

d o iiv e d  in the Mission Analysis , Missi on Analysis Review

(Ref. 3) , and Gene r al iz eci ’Specialized studies. Quite

s imp ly , the specialized f o r m  of training is considered to

p r o v i d e  a hi gher q u a l i t y  ITT g r a d u a t e  due not only  to the

added t r a i n i n g  r e q u i r e m e n t s  w h i c h  can be t a u g h t , but  b e cau se

t r a i n i ng  is o r i e n t e d  toward a b e t ter  t r a n s i t i o n  i n t o  t h e

f o l l o w — o n  t r a i n i n g  in CCTS .

F rom an opera t iona l  aspect  the  s p e c i a l i z e d  ITT sys t ems

have d i s t i n c t  advantages  ove r generalized S stems by pro-

d u c i n g  g r a d u a t e s  b e t t e r  t r a i n e d  in the  s k i l l s  and p r o c e d u r e s

requi red  fo r  t h e i r  end a s s ignm e n t .  Unde r  a g e n e r a l i z e d

p i l o t  t r a i n i n g  sys tem such broad t r a i n i n g  can r e s u l t  in

overtr aininq of p ilots in tasks unr elated to t h e i r  end

a s s i g n m e n t .  F u r t h e r m o r e , ~;pec i al i s e d  UPT a l l ows  f o r  cr e a t or

f l e x i b i l i ty  in i n c r e a s i ng  or  d e cr ea si ng  t r a i n i n g  t i m e  in

p i l o t  t asks  in a g i v e n  s p e c i a l ty  or “ t rack ” w i t h o u t  a f f e c t -

ing  the o ther  t rack .

Sp e c ia l i z e d  UPT does , however , have some d rawbacks .

Assignment flexibilit y , both in initial assignments and

h a te r c ire er assignments , would he reduced.  This  doe s

n ot  appear  to be an ny c n y  c r i t i c a l  p r o b l e m  a m o o .  The

gr e a t e s t  r i sk  occurs  i n  t h e  m i t  ial  a cqu i s i t i  on o t  t r a i n —

ing e q u i p m e n t .  shou ld  the h i  st or i ca l  6 0/ 4 0  s p l i t  between

TTB and PA I R a s s i g n m e n t s  change  d ran ia t  i c.i l i v  (r ev e rse  , f o r

v i i i
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instance ) , then one incurs the risk of having insufficient

F A I R  trainer aircraft and an over—abundance of TTB trainers .

The l a rge  s i z e  of the  existinq T—38 fleet tends to minimize

t h i s  r i s k .

Costs

As developed for use in this study, al l  cost data are

fo r rel a t i ve  rank or deri nc o f a l t e rnat ives on l y .  On ly

system-dependent costs have been used; i.e., costs which

did not tend to var~’ among system alternative s were dis-

regarded.

Table 1 summarizes the more si g n i f i c a n t  cost aspects

a s soc i a t ed  w i t h  the var ious  a l t e r n a t i v e s  ove r a 23  year

per iod  ( 2 0  y e ar  aircraft life + 3 year  deve lopmen t)

O p t i o n  0 r e f l e c t s  costs assoc ia ted  w i t h  the c u r r e n t  T— 3 7 /

T — 3 8  system under  the p r o j e c t e d  IFS sy l l abus . I t  is pro-

v ided  here  only f o r  i l l u s t r a t i o n  purposes .

The o u t l a y s  f o r  research , development , test , and

e v a l u a t i o n  ( R D T & E )  p lus  acqu i s i t i on  costs are s ign i f i c a n t l y

less for Option lilA , w h i l e  the O& M costs are h igher  when

compared to the othe r o p t i o n s .  The least  cost opt ion

lies w i t h  Opt ion  T u B.

ix
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Table  1

SUMMAR Y COSTS

(FY 77 C ) N ~~TAN T $M )

TOTAL 1
C~ T I ~~N RDT&E IFS MOP ACFT INVI- ~ST O& M TOTAL

(12 0 0 0 0 4702 4702

I (XT—l) 91 35 308

3 1394 3556 4950
(Rep i .  T — 3 8 )  2 2 3  35 702

II (XT—2) 223 68 1022 1313 3334 4647

lilA (XT—3) 163 56 744 ~~ 3 3601 4564

IIIB (XT—l) ~l 35 308
~7Q 3175 • 1 4 5

(XT— 3) 1b3 26 347

1 
Does not include student and instructor pay or fixed

operat in c costs .

2 Option 0 provided for i l l u st  r a t ion  purposes onl y .  Th i s

i s  an i m p o s s i b l e  a l t e r n a t i v e  since existing aircraft

cannot  be c o n t i n u e d  f o r e v e r .

T—38 would  r equ i r e  rep laceme n t by 1(195. XT—2 cost

estimates used for T—38 re~~laccmen t .

x
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A n o t h e r means of  c o m p ar i n g  the  costs while trying to

draw some distinction between option s is the use of average

a n n u a l  v a l u e  ( 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 tile cost per 1~~AF UPT graduate in FY 77

con st an t  dollars w h i c h  includes only the variable costs per

grodaate . A -T a m , Opt  ion 0 is p rov ided  onl y as a f rame  of

re ‘erence .

Table 2

AVIT ACI-: A N N U A L  VALUE ( AAV ) — $M

Cost per
fr a du a t e

C on s t a n t  ($) Current ($) Discounted ($) (FY77$)

0

T — 3 7 - ’T— 38 2 0 4 . 4 4 3  7 6 2 . 7 5 1  2 3 4 . 9 5 3  . 110

I

X T — 1 / T — 3 8  2 15 .2 2 5  ( 4 )  704 .6 3 4  ( 4 )  2 5 8 . 9 5 5  ( 4 )  .102 ( 4 )

I I

XT—2 202 .023 (31 623.167 (2) 249 .164 (3) .083 (2)

I I I A

X T — 3 / N T — 3 / T — 3 8  198 . 419 ( 2 )  6 3 9 . 6 0 6  ( 3 )  2 4 5 . 4 8 3  ( 2 )  .086 ( 3 )

11113

X T — l / X T — 3 / T — 3 8  18 0 .2 2 9  ( 1)  5 7 3 .2 9 1  ( 1)  2 2 3 . 9 0 7  ( 1 )  . 080  ( 1)

( R a n k )  -— lowe r number  i nd ica te s  lowe r cost

xi
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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 T u B  is

lowest in each case.

Fue l

Fuel costs and availability are of ever in creasing

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 pilo ts.

Option 0 (T—37/T-38) is again provided as a point of

reference .

Table 3

FUEL CONS UMPTION

ANNUAL CONSUMPTION (2100 IJPT)
GAL/ % REDUCTION

OPTION GRA D (K )  GALLONS ( M ) BARRELS ( M )  FROM OPTION 0

0 62.4 131.0 3.1 0%

I 47.6 100.0 2 .4 24

II 23.5 49.3 1.2 62

lilA 33.3 69.8 1.7 47

11113 27.4 57.5 1.4 56

The si g n i f i c a n tly lower fue l consump t ion rate s for  Op tions

II , lilA , and 11113 are due to replacement of the T—38 in

whole (Opt T I )  or in par t ( Opt lIlA & B).

x i i
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Fi n d i n g s

T h e  most  ef  I cot ive  p i lot. t I a t i l l i l l  cy s t  c i i i , both i n  t e r m s

O f  q r adu~i to gii.l lit and e ci Inomi c O( i l l  S do r.i t ions , to rep I ace

t ilO c ur r e n t  cy st  em is a sp e c ia l  i ze’d IIP l’ system utili zing

tu e T—38 a l o ng  w i t  ii two new a i r c r a t  t :  a prim ary ~et  tr a iner

(XT—l ) and a ba sic TTII t l a i n e l  (Xl’— q

In st tid es of t Ii i ii t y p e  , a si qii i I i c,w t cost  d i  t t o  r e l I c t ’

be tween  options should aid so i cest i 5 t o  l ie  key

d i s cr i  mi nan t upon tdi i cli t o base a dec i s i on . I n t he M i : ;  s i on

An a lv ; ;  is  , t h e  di  I- t e r e n ce  in cost b et w een  op t i o n s  d i d  not

e xceed 10% , W e l l  be l ow tile proh i hi t ’  e r r o r  no rma  1 ly e x p e c t  0(1

in  c o n s t r u c t  i ng “ pap e r o p t i o ns ” i n  ~ uchi  an a l yse s .

In a subseqilelit  u~xI it  e ot t h e  Mi  cci on A n a l  \~ 5 Is

Sp e C i a l iz e d  t i - i l  l i i  ng Wa s ( i e t e r i l l i l i ed  t o  h~’ t h e  111 (1s t  cost

~s f  t e c  t i ye ~ t io ice t em t’’~P’t’ . Re su t  t ot he t t~ t h eso ’;t ud i es

Were  ag a i  U cen t i i med 1 1 1  t lie C e i ;e r a l  i :~e d - ’~~p eci  a l  i zed Com p a r i  —

son aT t h o u g h  ot her  coin; ide  sat i e t i c  led  t 0 1 iccoimiteiiiLit i oil

(1 COil t iiii e g e n e r a l  i od t r i ii i i ng

Rect i l t ;; 01 tile mo st  r ece i lt  cost a i i a i ~ ’s is used f o r  t Iii s

st tid y show t he spec i a I i :~e th  Xl’ — 1 - X I ’ — ‘1’ — ~ 8 o~i t i Oil t 0 I I I  ‘0  t u e

1 oWe st  cost  oil a re hat I ye r a nk  o i d e  i i  h g  h i: ; i . WIi i i e it

n o t  c l e a r  w h e t h e r  Si  gi l  i t i 0 111  t cost  di t t crc noes cxi st

he t ween opt  i o11;~ f o r  cost  I o l ie a key  so l ee  t i on I ac t  o i , i

seems s i gn i t i c an t  t h a t  t h i  s s~iec i a I I :~ed opt  I Oil coil ;;  ct  en t 1 \

r est i l I ; ;  i l l  l owest  a v e l a c . ’ I l l I l I l i l  cost b i c l i l l  s i t  l oll p 1 is; O & M )

is we I I is b w e s t  cost  
~~~~ 

r gi i d u a t  e

x i i i

- ~~~~ -r ~~~~~~~~~~~~~~~~~~~~~~~ 
-



-

~~~~~

c()NTl ~N’rs

ABSTAINER • ii

SUMMARY • i i i

L I ST  OF F iGURE S •

LIST OF TAB LES viu

ACRONY M S xx

I . IN T R O D U C T I O N  1

I I .  API1RO/\Cll 5

I I I .  A SSu MPTION S 9

IV. FI,l~ET I I I ’ l :  1 7

( ‘ 115 roll t. i 1 ee t I) i t S i ilu t I in 1 7
Pro j ec t e l I’ loot I i  to P x pe c t . ancv  20

V. F’U’l’URE FORCE , A l  l~CRAI”I ’  , M l  55 I (~NS , AN t )
P1 101’ SR I L l  33

l’ ti t U l t ’ lThr ce  M i s : ;  i 0115 , - A i i t  S i  I t 33
Pu t  t u e  P i l o t  ‘rack :; Sk i  l i i- ;  35

V I  . TR A I N  I Nt~ RP t ~) l I  I RE M ENT S 37

VI  I . TRAI N 1 N~ A L’r l :R N A T IV I:s  45

Ca nd i b i t e  l’U P T Systems 50
h ’ L T P T  A i rc i a  f t  Per t o  rm~ince Roqu i r e m e n  t s . . 52
VUP ’I ’ Ai scra I t E qu i  pment  Reqi l i  r e ment s  . . .

I ’ I I PT A i r cr a  ft M a i n t e n a n c e  C on s i  do r at  i o n s .  55
Mi~~siofl Pro f i T  
Sy 1 labtis D e v e l op m en t  t 6
( ‘oncept  D e s ign s  68
Concept  i ’os t Pat a (0)

A i rera It P r o d u c t  i on Requ I renien t s 77
P h a s e —  in Sch iedu l  es 7()

x i v

~~lIIii~.._ - - ~~~~~~~~~~~~~~~~~~~~~~ ~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- _ -_.- -S.-- . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -— ,—--5 .-.- --- --S-.—----_:-

VIII. EVALUATION • 83

Fleet Life Impact of New Systems 83
Training Requirements 85
Qualitative Assessment 87
Syllabus 95
Cost Analysi s 96
Fue l Considerations 105
Additional Training Impacts 107
Sensitivity Analysis 110

IX. FINDINGS 121

APPENDICE S

A. USAF/CV LTR , 21 JULY 1976 AND RESPONSE A— l

B. PROGRAMME D IFS SYLLABI B—i

C. TRAINING REQUIRE MENTS C-i

D. MISSION PROFILES D-l

E.  FUPT SYLLAB I E—i

F. COCKPIT SEATING CONFIGURATION F-l

G. DYNAMIC OBSERVER CONCEPT G-1

H .  AI RCRAFT PRODUCTION AND PHASE-IN SCIIEDULIN C1 . .  H—i
I. COST ANALYSIS I-i

J. AI RC RAFT AND SIMULATOR COST ESTIMATES J -1

K. PROJECT ORGANIZATION K-i

xv

~~~IIlIIIIIlli1iIIIIlIlIIIiI~I S._ - ~~~~~~~~~~~~~ 
- ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ‘~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . - -



LIST OF FIGURES

Figure Page

1 Candidate FUPT Systems vii

2 App roach 6

3 T— 37 Airframe Hour Distribution 18

4 T— 38 Airframe Hour Distribution 19

5 T— 37 Life Expectancy vs Aircraft Utilization
Rate 21

6 T— 38 Life Expectancy vs Aircraft Utilization
Rate 22

7 T-37 Annual Fly ing Hours vs P rod uction ,
Sy l l abus 28

8 T-37 I n s u f f i c i e n c y  vs Annual  Fly ing Hours . . 29

9 T—38 Annual Flying Flours vs Production ,
Syllabu s 30

10 T—38 Insufficiency vs Annual Flying Hours .  31

11 Preliminary Trainin g A lte rnatives 47

12 Candidate FUPT Systems 51

13 T—37 Replacement Aircraft — Samp le Advanced
Contact M ission 62

14 XT—l Candidate Design 70

15 XT—2 Candidate Design 71

16 XT-3 Candidate Design 7 2

17 Profile View Compariso n of Candidate
A ircraf t 7 3

18 A i r c ra f t Acqu i s i t i on  Costs 75

19 Aircraft Required 80

Xvi 

. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ -. , -‘~S __________ - ~~~~~~~~~~~~~~~~~~~ 
-.-~~~- - ~~ ~~.. - -



Figure Page

20 Ai rcra f t  Phase—in 81

21 Co st per Graduate Comparison (Variable Costs
Only) 104

22 Fue l Consumption Comparison 106

23 T— 38 Fleet Insufficiency (Post Phase-in) . .  112

24 Sensitivity of Costs Away from Baseline . .  115

25 A ircr a f t  Operatin g and Acquisition Costs
pe r Gradua te 117

X v i i

- .~~~~~~~ _ 
- .- 

~~~~~~~~~~~~~~~~~~~~~~~~



5,”

LIST OF TABLES

Table Page

1 Summary Costs X

2 Average Annual Value (AAV ) — $M xi.

3 Fue l Consumption X i i

4 F ly ing  Tra in ing  Production Requirements . .  14

5 Projected IFS Syllabi 24

6 Projected Production in Equivalent UPT
Students  26

7 Sample Task Anal ysis 4 0

8 Pilot Training Requirements Summary 42

9 Performance Requirement’3 53

10 Equipment Requirements  56

11 T—37 Rep lacemen t A i r c r a f t  — Samp le Advanced
Contact  M ission 6 3

12 Maneuver  Descr ip t ion  — Advanced Contact
Miss ion  65

13 FU PT Syllabus Comparison (Sorties/Hours) . .  67

14 Aircraf t Description 74

15 Fly ing Hou r Cos t Summary 78

16 T—37/T— 38 Fleet Status 85

17 Candidate System vs Training Requirements .  88

18 Operational Aircraft Fl y inq-l-lour-Cost Factors
(Fl 1977 Dol la rs ) 97

19 Co st Breakdown - $M 100

xv .i l i

- -~~~ —-— —-—~ -~~~~~~
--—-- — ~~~

- 
-i--- ._. ~~~~~ 

_______  ______



Table Page

20 Rank Orde red Cost — $M 103

21 Impact of Additional Training 109

22 Aircraft Production Schedule H—3

23 Flying Hour Phase-in Schedule (XT-1/T—38) . . . H—6

24 Flying Hour Phase-in Schedule (XT—2) H-7

25 Fijing Hour Phase-in Schedule (XT-3/XT-3/
T—3 8) H—9

26 Flyin g Hour Phase-in Schedule (XT-l/XT-3/
T— 38) H—il

xix

5— - - -—-—- -.--- ---~~~~~~~~~ —-‘~~~~~~~~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -‘—- ‘- 5 . - 4



--
~

-—--- -——-- - - . --
~~~~~~

--
~~~~~~~~~~

. .-
~~~~~~~~~~~~

. - -—-- —-5.-

Acron ~~~~

A/C A i r c r a f t

ACE Accelerated Copilot Enrichment Program

ANG Air National Guard

AFRE S Air Force Reserve

ATC Air Training Command

AVPOL Aviat ion Petroleum , Oils , and Lubricants

BOS Base Opera t ing  Support

CCTS Combat Crew Training School

DO Dynamic Observer

U D  Department  of De fense

ELEM Equipment  L i f e  Expectancy Model

FA I R  Fi ghter-Attack-Interceptor—Reconnaissance

FGN Foreign

FUPT Fu tu re  Underg radua te  P i lo t  Tra in ing

FWQ Fixed Wing Q u a l i f i c a t i o n

GAF Ge rma n Air For ce

IFS Ins t rumen t  F l igh t  Simulator

IP I n s t ruc to r  Pi lo t

IPI S Instrument Pilot  Instructor School

ISD I n s t r u c t i o n a l  Systems Development

LCA Low Cost A i r c r a f t

LIT Lead-in Training

MO Me d ical Of f i c e r

xx 

~~~~~~ --.-~~~-. --—~~~~~~~t~~~~~~~
_ 

_5~ _~~~ _~~~~~~~~~~~~~~~~~~



NJJPT Nato  Joint  Jet Pilot Tra in ing

O&S Ope rations and Support -

PCS Pe rmanent Change of Station

PIT Pilot Instructor Training

RDT&E Research , Development , Test , & Evaluation

RTU Replacement Trainin g Unit

SAPT Security Assistance Pilot Training

TAC Tactical Air Command

TDY Temporary Duty

TTB Tanker-Transport-Bomber -

UNT Undergraduate Navigator Training

UPT Under graduate Pilot Training 
-

UR U t i l i z a t i o n  Rate

.1

xxi

— ——‘—— . - . -..- -“.‘—~~~~~~~~~~~~~~~~~~~~ - - . 5’— - -  -‘-—-————--—‘-.. ~~~
— -—5 ~— ——~~ ~~~~~~—.~~~

—‘-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~

,
~~~~~~~~~ ;.

‘-‘.-- 5— --. ‘-— A



I .  INTRODUCTION

Purpose

In July 1976 , General Will iam V. McBride , AF/CV ,

requested that  Air  Training Command develop and examine

alternatives for  modification or replacement of the

pr imary je t  trainer a i r c r a f t, the T—37 , as it approaches

the end of its design l i f e  (see Appendix A ) .  This study

reports the results of that examination.

In order to develop trainer a i rcraf t  options , it is

necessary to determine , in some de tail , the mission require-

ments for future Undergraduate Pilot Training (FUPT). In

e f fec t , the aircraft is merely a training aid , albeit fairly

sophisticated and expensive . Thus tue type of t raining

provided the mi l i ta ry  pilot should not be de termined by the

trainer aircraft available ; rather , the trainer aircraft

(or any othe r tool) should be de te rmined by the type of

t ra in ing  and levels of prof ic iency desired.

Back ground

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 ( Re f .  1) . The

pur pose of the Mission Analysis was to examine in detail

1
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the training requirements and training media necessary to

accomp lish 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 ,

etc.)

c. Restructure  t r a in ing  syllabi in accordance with

Inst ruc t ional  System Development ( I SD)  methods , i . e . ,  par t—

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 manageme~it so that individual elements do not evolve

at their  own pace .

2
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Althoug h not all recommendations of the FUPT Mission

Analysis have been full y implemented at this stage , a

s ign i f i c a n t  por t ion  of t h a t  e f f o r t  is s t i l l  applicable

today , in particular the various trainin g requirements

and performance and equipment requirements of future

traininu aircraft which were considered during that

analysis. Albeit production rate projections , i n f lation ,

and energy costs have changed significantly since publica-

t ion of the  Miss ion An a l y s i s, it se rves as a basis for this

s tudy .

In March of 1976 , ATC/DO publ i shed a Comparison of

Genera1i~~cd vs Spec i a l i zed  p i lo t  t r a in ing, o f t en  re ferred

to as the Dual  Track or Tracking  Study (R e f .  2~~. Al though

th is study pointed out that a specialized or ‘ dual—track ”

sys tem could prove to be n~orc cost e f f e c t i v e  than the

c u r r e n t  sy s t em , such a pro~~ram would r equ i re  the purchase

or lease of numerous a d d i t i o n a l  a i r c r a f t  capable of

f u l i ~i1linc  the  Tanke r—Transpo r t—Bomber  (TTB ) t r a i n i n g

track . L ’ -’- ns id e r i nq  the c u r r e n t  aus te re  f u n d i n g  environ-

ment , a changeove r to a spec ia l i zed  pi lot  t r a i n i n g  sys tem

was not recommended for  tile cu r ren t  time per iod .  An

impor tan t  aspect  of the Dual  Track s tudy was the revalida-

t ion , by the m a j o r  commands , of tile t r a i n i n g  r equ i r emen t s

i d e n t i f i e d  by t h e  ~1ission A n a l y s i s .

3
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In response to the ATC/DO s tudy , General McBride

poin ted out that , whothi~r the UPT concept changes or not ,

the T-37 is beg inning to approach the end of its desi gn

l i f e  of 15 , 000 hours and wi l l  become i n s u f f i c i e n t  in n umbe r

to s u s t a i n  p ro jec ted  pilot  product ion beyond FY 88. He

requested that ATC examine the alternatives.

A study group was formed which included personnel from

several DCS s in HQ A TC and the 3 305t h School Squad ron. In

addi t ion , M r .  J e r ry  Estepp , ASD/XRP , directed the conceptual

aircraft design efforts for this study . Organization of

t h i s  p ro j ec t , key study team members , and other  par t i c ipan ts

are shown in Append ix  K.

‘rhis study seeks to determine the most effective means

of tra i n i ng ~SAF pilots in the mid-l980s and beyond.

4
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I I .  APPROACH

A similar approach to t h a t  used in the Mission A n a l y s i s

was followed in this study (F’iq. 2) . Since the primary

purpose of this study is to identify and choos e alter na t ives

for UPT commensurate with fleet life insufficiency , the

first task was to identify the ti me f rame in which  th e T—37

and T— 38 fleets will be insufficient , in number to support

p r oj e ct e d  future production requirements. T h i s  f i xes  the

period of i n t e rest  f o r  wh i ch i new or replacement  IJP T

s y s t e m  ~:ii1 be needed.

rpIl t, second s tep  then was to review the  f u t u r e  force

alonq w i t h  su p po rt in q  ai r c ra ft / in i s si o ns  and associa ted

p i l o t  s k i l l s  r e q u i r e d  to accommodate the miss ion  a i r c r a f t

assiq nm e n t

The ill i rd task was to .identi Iv the UPT t ra i fling

req ui r enient  wh icil mus t  he taugh t the f ledq ii  nq p i l o t

i n  order to sa fe ] y e n t e r  adv~~ncod t ral  f l i ng  in  these

flhlSSiOtl a i  i c r a f t

N e x t , \ ‘ a r i  ous t r a i n i n q  sy st e m  Op t i o n s  or c o n c e p t

a i to  m a ti ~es we re do vi se I i n  i g e n e ra ]  n i an f lo  r ( d u a l

t rack , single at T — t . t i r o u q h  ai r c : af t , et c . ) .  Sy s t e m

e lem e n t s  such as i ’ep r o s e i it  at ive t r i i  n i n q  lii i 5 S 1 0 T~ j ) i ’O f  i les

we i then dove loped t o r  d e t e r m i nq a i r~-r.i ft si ~e and

coii f i q t l l~~1t. I 0fl . Of f o r  e l e m e n ts , such as a i  i c - i a f t  p e r f or n u i n ce

- -  - . - - ~~~~~~~~~~~~~~~~~~ ~~~~
-. — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~ . ~~~~~~~~~~ 
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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 O&S costs were developed for  these “ paper ” a i rp lanes .

Several costing techniques were then app lied to the

various training systems to deter m ine the most cost

e f f ective alterna t ive .

Consider ing  the u n c e r t a i n t y  in p ro jec t ions  beyond

five years for costs , pilot production levels , and oth er

factors , parametric evaluation was made whereve r feasible .

A s ens i t i v ity anal ysis was performed as part of the evalua-

tion process to dete rmine relative ranking of FUPT options .

L.. ~~~~~~~~~~ ‘ ~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _



III. 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 e f fec ts  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 a i r c r a f t  design

life .

[JSAF Fixed Wing Training Onj .~~ This ass umption

purposely limi ts this stud y to a consideration of train-

ing for USAF pilots only . Helicopter training is not

addressed. A jo in t  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 e f f o r t  considered beyond the

scope of this stud y.

9
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Foreign programs , such as SAPT and NATO Joint Jet

Pi lo t  Training (NJJPr) , are considered for computation of

resources only.. Syllabus design was not accomp lished 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 Responsibil ~~ y. Those

training tasks and functions which require a coordinated

crew e f f o r t  with othe r than rated p ilots (navi gators ,

bombardiers , electronic warfare officers , loadmasters ,

e t c .)  w i l l  remain the respons ib i l i ty  of operating command

CCTS . Likewise , t ra in ing  on or for mission specific and

weapon system specific equi pment will be accomplished in

CCTS .

Some of the CCTS tra ining can be accomplished within

a specialized tJP T trai n ing system , and to a lesser degree ,

in a generalized UPT system. Specifically. some tasks and/

or func t ions  which are t augh t  in a post-UPT but  pre-CCTS

pro gram such as TAC’ s lead-in training (LIT) could be

accomplished in FUPT. Similarly, some post-UPT training

cur ren t ly  conducted in CCTS is of a p rof ic iency  na ture ,

such as increased t r a i n i n g  in low a l t i t u d e  approach pro-

cedures. This training is also considered appr opriate for

FUP T.

10 
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Simulation. The use of flight simulators as a major

training medium will continue and probably increase during

the time frame of this stud y. Air Training Command has

recentl y purchased several Instrument Fli ght 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 simulato r cock pits and necessitate repro grammin g

of the simulator computers. The number of cockp its 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 variou s system

alternatives.

Purchase of a new mi ssion profile simul ator is not

addressed dur ing this  s tudy. Howeve r , the advances in

simulat ion technolo gy must be considered prior to final

commitment to new aircraft. Acquisition of new simulators

in addition to reconfiguration of the current l y programmed

IFS could reduce the size of buy of new aircraft , reduce

s~~~labus flyin g hours , and possibly red uce costs .

11
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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 great

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 Tra in ing  Command wi l l  continue

to cond u ct basic  f l y ing t r a in ing .  The amount of t r a in ing

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

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

desi gn ed fo r a 15 , 000 ho ur l i f e .

12
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Production Level. This study assumes a USAF UPT

production rate of 2100 p ilots per year in 1982 and

beyond. ANG , AFRES , SAPT , PIT , IPI S , and other programs

are as dep icted in Table 4 , F ly ing  Tra in ing  Production

Requirements.

German Air Force (GAF) aircraft and production require-

ments are excluded in this study . Mather AFE 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

d i f f e r e n c es in procurement and operat ing costs among

selected t r a i n i n g  a l t e rna t ives .  It is assumed that  the

relative cost rankin g of alternative s will be unchan ged

even though actual procurement and operating costs may

d i f fer si g n i f i c a n t ly from those projected in this study.

Proven Technology. Trainer aircraft will be designed

and built using proven technology . Although every new

ai rcraft involve s a certain amount of airframe and eng ine

R&D , trainer aircraft , considering their limited operational

rol e, do not appear to be appropria te 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 nega t ive  t r a i n i n g  impac t .

13
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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 mere ly 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

capabfl.ities, foreign sales , etc., impact significantly

on final aircraft design and cost.

15
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In summary , this  s tudy l i m i t s  i t se l f  to a i r c r a f t

pe r fo r mance and equ ipme nt  design pa rame te r s  cnn sid4 ~red

necessary in selecting a desired traininq syst~.m for USAF

UPT only.

New Procurement. For purposes of this study , procur ’-

mont 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

e~<isting 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 siqnificant assumptions to be used in the study.

Numerous minor assumptions will be required throughout

the report. These assumptions are contained in the

appropriate section .
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IV. FLEET LIFE

The c u r r e n t  s t a t u s  of both  the T—37 and T—38 f l e e t  of

ATC training aircraft was examined. Based on programmed

produc tion ra tes , sy llabus hours, and a i r c r a f t  a t t r it ion

rates , a p ro jec ted  f l e e t  i n s u f f i c i e n c y  date was derived .

T— 37 fleet insufficiency is anticipated in FY 88 and T-38

in su f f i ciency occurs s ix  years  la ter in FY 94 .

C u r r e n t  Fleet D i s t r i b ution

Fiqure 3 depicts th~ distribution of the T—37 fleet

by flvinq hours as of 1 January 1977 with aircraft grouped

in 100 hour increments. Not shown on this chart are 34 —

T— 37 air craft based at Mather :\FI~ for support  of UNT , and

45 T-37s based at Sheppard AFB , which are owned and main-

tained by the Gernian Air Force (GAF) . Sirn i l ir l v , Fiqure 4

depicts T—38 airframe hour distribution , and exc lude s the —

41 CAF T-38s at Sheppard.

As of 1 January  1977 , the average T—37 hours per

ai r f r a me ~-ere 7,905 or slightly over half the desiqn life

of 15 ,000 h o u r s .  For the T—38 , the average a i r f r ame  hours

were 5,488, or slightly over one—third of its design

life .
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T— 37 T—38

Production PFT 78—3 , Oct 1976 Same
A F/ DPPTF Ltr ,4 Aug 76

Extended Planning Annex (EPA)

A i r c r a f t  L i f e  15 ,000 Hrs 16 ,000 f-irs

Student Attrition 9.64% 4.32%

Maximum Utili— 59.0 Hr/Month 55.0 Hr/Month
z a t i o ri  R a t e

A/C A t t r i t i o n  1/ 100 , 000 H r s  2/ 100 , 000 Fi r s
R a t e

Not Ope ra t i o n a l l y  5% 5%
Read y R a t e

Syllabus Hours 71.8 Hrs/Stud 98.2 Hrs/Stud

N o n — U P T  f l y i ng p rogr ams , such as SAPT , PIT , etc., we re

equa ted  to UPT p r o g r a m s  in  p r o p o r t i o n  to t h e i r  f l y ing  h o u r s

an d st uden t at t r i t i on r e l a ti ve to t he  s t a n d a rd UP T p r o g r a m .

The p r o j e c t e d  sy l l a b i  at T a b l e  5 (expanded in Appendix B)

w e r e  used f o r  the conversion. Note that these sy llabi

incorporate t h e  use of the Instrument Flight Simulator (IFS )

and subsequently reduced flyin g hours. Should these

prog rams not  u t i l i ze the I FS, an increase in annual f l ying

ho u r s and shor tene d f lee t l i fe  expectancy wil l  resul t .

This examp le dep icts the methodology used for conver-

sion of non—UPT to UPT students. Given the following :

23
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SAPT T-37 UPT T-37

Syllabus Hrs/ St ud 137.2 7 1.8

Attrition Rate 9% 9.64%

Prod uction 348 ——

Then ,

# Graduates (UPT equivalent) =

Sy l l  Hrs (n on—UPT ) l—Att  (UPT )
~ Grads (non—tTPT) ~ Syll hirs (UPT) X l—A tt (non—UPT)

or , usinq the example :

# Grads (Equiv) = 348 x x 
:~~~

36 = 660

Using the above methodology, projected production rates

in e q u i v a l e n t  UPT s t uden t s  are dep icted in Table 6.

Figures 7 throuqh 10 provide f l ee t  l i f e  data in a

parametric form . For the T—~~7, enter  the char t  (Fi g 7)

w i t h  p r o j e cted blue sui t prod uction (2 ,100 in examp l e ) ;

con tinue up throug h eq uiva len t  studen ts ( 3,24 6 in

example)  ; to the appropr ia te UP T sy l labus  hours per

studen t (71.8) ; then across to annual. T—37 flying hours

(282 ,308 hours); then adjust for 30 ,588 addi tional flying

ho u rs in support of the ACE program to arrive at total

annua l  f l y i n g  hours  (312 ,896). On riqure 8, en te r  at

to tal annua l  f l y ing hours (312 ,896); horizontally to the

25
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current fleet inventory curve ; down ve r t i ca l l y  to projected

f l e e t  insu f f i c i en cy da te (Fl 8 8 ) .  The curved lines , labeled

—2 ~ A/C , -50 A/C , e t c . ,  represent  the e f f e c t  of g iving away

(fore ign sales , other program s, etc.) various multiples of

25 a i r c r a f t , 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

cha r t s .  Fi gu res 9 and 10 provide s imi l a r  data for the T— 38

fleet -

The production levels through FY 81 in Table 4 , based

on I FT 78—3 (Re f 5 ) ,  w~ re used to develop these cha r t s ;

t h o r - e a f t or  (F Y 82 on) annua l  f l y inq hours are read f rom the

vertical axes.

rhe sli ght negative slope of ~he l ines  on Fiqures 8

and 10 is due to t h e  e f f e c t  of acc ident a t t r i t i o n , the

more s ha r p l y  do f i  no .1 slope is due to the e f f e c t  of

a i r c r a f t  r et i rem e n t .
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V. FUTURE FORCE, AIRCRAFT , MISSIONS ,

AND PILOT SKILLS

In order to develop future  UPT requirements , it f i r s t

became necessary to examine projected future operational

requirements .  Af te r  determining the types of fu ture

systems for  which pilot t ra ining wil l  be required , pilot

ski l ls  for these fu tu re  mission a i rcraf t  were examined.

In this way , the fu tu re  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 f leet l i f e  expect an cy for

current UPT aircraft, the period for a future UPT (FUPT)

system was determined and defined to be from 1986 to

beyond 2000 (1986 — 2 0 0 6 )  - A limited review of projected

Air Force missions and key characteristics of a i rcraf t  to

perform these missions in this time frame was performed.

In addition , existing technology , research and development,

along with projected technological advance s for  fu ture  a i r—

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 imp lementa t ion  of alternatives of this

33
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s tud y (Re f . 6 , AFSC Planning Activity Report).

— F—4 , F—l5 , F—16 , F— l 06 , F — i l l , Advanced Tactical

Fi gh t e r  ( A T F ) ,  Advanced Manned Interceptor (AMI)

— B—52 , FB—lll , B—l

— A—7 , A—l O

- OV-lO , FAC—X

- RF-4, SR-7l , RF—X

- C-l30 , C-l4l , C-5 , Advanced Medium — Short

Takeoff (AMST)

- KC-l35 , Advanced Ta nker-Cargo Ai rc ra f t  (ATCA )

- E - 4 A , M r borne Warning and Control System (AWACS)

- Orbi t ing  Vehicle , Li ghter—than—Air

Many of the above systems are cur ren t ly in the inven tory and

w i l l  be replaced by follow-on a ir c r a f t . Others are onl y at

the stage of concept f ea s ib i l i ty and may never prove out,

let alone enter production .

Space Missions. Space missions are not considered to

impact fu tu re  UPT for  two reasons: ( 1) space missions are

considered as requi r ing  h igh ly  specia l ized t r a i n i n g ,  even

in to the year 2 0 0 0 ;  and ( 2 )  at most , onl y a h a n d f u l  of UPT

graduates  would ente r such a t ra in ing  program. USAF pilots ,

wi th  p roven f l y in g ab i l i t i e s, w i l l  be selected fo r va r ious

NASA space missions such as the space shuttle . In addition ,

as in previous space progra ms , some ci vi l i an  ast ron aut s

may acq u ire bas ic  f l ying skills in the future UPT program.

34 
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These pilot tasks and skills for current and future

systems have again been reviewed as a part of this stud y.

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 .



VI .  TRAINING REQUIRE MENTS

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

reval idated by the usin g MAJCOMS durin g the ATC/DO Dual

Track Study.

It is recognized  th at some MAJCOMS may feel  tha t  some

of the listed training requiremen ts are inappropriate for

UPT. For example , Tact ical  A ir Command ( TAC) considered

three of the 30 requirements ( tact ical  forma t i o n , basic

f i ghter  maneuvers, air—to—ground fundamentals) as the

responsibility of the operating commands.

A definite “parochialism ” exists on both side s of

the t ra ining fence , within ATC and within the operating

commands . Subsequently, this study first compares train—

inq systems which  include on ly  26 of the 30 t r a i n i n g

requirements. A further comparison is made with a 30

requ i rement  s y s t e m .

Some changes in definitions and some reorganization

of these training requirements have occurred throuqh the

conti nual study processes above ; however , they remai n

substan tially unchanged in character. Of the original 30
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training requirements , two changes have been identified :

(1) comb ine Sp in Recognition and Recovery and Stall

Recognition and Recovery into one requirement—-Departure

Recognition and Recove ry ; and (2 ) add Ai rborne Rendezvous

as another requirement .

The T-37 was designed w i t h  exce l l en t  spin characteris-

tics in order to s a t i s f y  the need fo r  sp i n  t r a i n i n g  r equ i r ed

for the aircraft inventory of the time . Current and future

aircraft are being desiqned iiiqhl spin resistant or

capab le of a “hands  o f f ”  recove ry . Subsequen t ly ,  i t

appears unnecessary to retain this system specific feature .

Howeve r , s t a l l  r ecogn i t ion  and recovery procedures remain

as a valid training requirement . Numerous aircraf t have

missions which require operation at. the e x t r e m es of t h e

fli ght envelope . Departure t rom norma l fli qlit may take

sevt ’ ra 1 forms , in c  I mid in q sp i m; , sp i r a l s  , s t  i l l s  , t’ t c  -

These c har a ct e r i s t i cs  ir e  r e c oqn i~~ed and aie addressed

as a t ra i n i f lg rt ’Clu i t emen t— ~ I~e}) m r t u r e  Rece-~ni  t i o n  and

Re cove rv -

The i t i t i t CI t t . i i n ing reqili r ement  , “Ci rbornt - Rende ~\‘oUs

focuses n t ho’ inc rt ’ ased and /or  cen t i m mcd USC’ ol i n — f l  ight

re fuc ii ni , CC ’ I I f o r - m i t  io n , t~~1- Ol1  a t a rg e t  i dent  i f i  ca t i  on and

at  t ack , Sea u ch— m n t i —  rescue , C ’ t c  . Al t.hough  Ins t p r cv  i ous 1 y

i(leflti fied dS .1 t t a m ing l ( ’C l m l i r e m C ’ l lt , i t is coin; idt’rt ’d of

s u f f i c i e n t  t i ;;k commonal i t  v t o  I ’, ’ i n c l u d e d  i n  I_ h i s  st  udv .
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Several additional candidate training requirements

were considered and rejected for various reasons , usually

because they were highl y oriented toward a specific

weapon or mission. One candidate requirement which has

repeatedly surfaced is In-Flight Refueling. It is

acknowled ged that nearly all future we apons systems will

incorporate an in-flight refueling capability . It is

the re fore  wor thy of further examination at this point.

To quote d i rect ly  f rom the Mission Analysis:

This candidate was deleted. The high
commonality with formation training
ade quately prep ares the graduate for
this advanced skill. There is little
poss ib i l i ty  that tanker  support wil l
be available for  Future  Undergraduate
Pilot Tra in ing .  The opera t ional
problems of implementin g 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  R e f u e l i ng 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

SAM PLE TASK ANALYSIS

Segment : Perform Refueling Operations

Functio n: Execute rendezvous maneuver

— Monitor radar disp lay to detec t tanker
— Establish communication with tanker
— Monitor comm/nay system to detect tanker
— Monitor flight instruments and displays
— Visually scan appropriate airspace to detect

tanker
— Ad jus t  p ropul s ion s ubsystem as required for

j o i n u p  and f o r m a t i o n  on t a n k e r
— Operate f l igh t contro ls  as required for

j o i n u p  and f o r m a t i o n  on t a n k e r
— Use speed b r a k e s  i f r e q u i r e d  du r i ng j o i n u p

on ta nke r

Function : Configure A/C for refueling

— Set air—to—air refuel subsystem controls for
r efuel i ng

— T r i m  A/ C p ri or to r e f u e l i n g
— Deactivate Autom atic Flight Control System

prior to refueling
— Check  r a d a r  a nd a r m ame n t power  swi tches set

as req u i r e d

Function: Execute hookup and fuel transfer
p r o c e d u r e s

— Monitor boomers clearance and pos i t ion
d i r e c ti ons and  d i r e ct o r  l i gh ts

— Ad jus t  propuls ion subsystem as req u i r ed for
contact and refueling

— Rece ive and a c k n o w l edge ta n k e r  and rece ive r
contact signal

— Check fuel quantity and distribution during
refueling

— Trim aircraft as required during refueling

Function: Execute d i s c o n n e c t  and breakaway
procedure ;:

— C o m m u n i c a t e  d i sc o n n e c t  s i g n a l  f o r  s i m u l t a n e o u s
d is con nec t

— M a i n t a i n  s t a b l i i ed  Ios itiofl until disconnect
con f i rm ed

— Cross—check director l i g h t s  and visual
p o s i t i o n  u n t i l  d i s c on n e c t  confirm ed

— R e c e i v e  b o o m— I t  t’e I Cr0 m
— Reset a i r—  t c m — a im re I Ui’ i i  nq ; ;m ibs y s  t ems

40
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Note that several tasks are the result of subsystems

operation (switchology) and communications procedures.

Aircraft control operations consist primaril y of ren-

dezvous and station—keeping (formation) operations.

The actual skills which are peculiar to in—flight refuel-

ing are actuall y quite l imited in numbe r; hookup,

compensation for changin g center of gravity, and

disconnect. These operations are quite system specific

in themselves , depending on receptacle location and

tr im / contro l  pressure rates of change during the fuel

transfer. Therefore , In—flight Refueling as a training

requirement for FUPT is deleted from this s tud y.

Ta b le 8, Pilot Training Requirements Summary,

summarizes the training requirements idi’ntified as appro-

priate for FUPT during this stud y ; those c u r r e n t l y  t a u g h t

in UPT ; those identified by the Mission Anal ys is ; and

those t ra i ning re qu ireme n ts rece nt ly v a lida ted dur in g

the Dual Track Stud y. Expand ed definitions of each

trainin g requirement are contained in Appendix C.
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V I I .  TRAINING ALTE RNATIVES

The desired goal of any p ilot training system is to

pl ace a fully qualified , mission—ready,  pilot /crew into

operational aircraft. This training is by no means

accomplished e n t i r e l y  with in UPT; numerous CCTS and RTU

schools attest to this fact. Each operational aircraft

and its mission requires a certain level of proficiency

in a la rge number of pilot skills and task s . The instruc-

tion and acquisition of these skills in the most cost—

ef f e c t ive manner  is an obv ious objective of a pilot training

svs tern.

The traininq requirements previously described form

the basis for devising alternative training systems . It

should be noted that nearl y all of the training require-

ments iuentitied c;m be taught to a certain deqree in

pr~1cticall\- any combination of ~iircraft , with the amount of

fly ing time devoted to each training requirement serving

as a major determinant of the  level of proficiency attained .

For examp le , increased proficiency in low—leve l navi gation

ca n be o b tu i n e d  w i t h i n  the c u r r e n t  UP T program by devoti ng

additional fly inq sorties to this area. The particular

aircraft used to a c c o mp l i sh  t h is  t r a i n i ng  may be some —

what second~irv . Uoweve r , the ab i l i t y  to perf orm the  low
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.5

leve l navigation mission satisfactorily in operational

aircraft depends not only on the acq uisi tion of the basic

procedural skills , but  the s imil ar i ty  in a i rspeeds and

alti tudes used in the t raining environmen t versus the

operational environment.

The refore , it must be recognized that merely teaching

basic flvin~i skills is not the sole r e s p o n s i b i l it y  of

ATC ’UI’T , but  rather  to t r ain m i l i tary avia tors capable of

upgrading into operational USAF aircraft with minimal

additional training . Ideall y, post—UPT follow—on training

should be limited to checkout in mission—unique aircraft ,

equipment , and proc edures.

Under these assumptions nume rou~
; training system

alternatives have been identified for FUPT——manv of which

were explored in the ~‘ ssion Analysis. Fioure 11, T r a i n —

inq Alterna tives , dep i c ts  some sy s t em s  w h i c h  were  examined

in t h i s  s t u dy .

The p r es en t , non—IFS , UP T syllabus (90 T—37 hours ,

120 T — 3 8  h o u rs)  is not dep i c t e d ;  he~-’ever , the projec ted IFS

syllabus is used as a baseline. T h i s  s y l l a b u s  provides

71.8 flvinq hoUrs in the T—37 ph ase and  98.2 in the T—38

phase for a total of 170 hours . The plus or minus (+)

i n d i c a t e s  the  po ten t i a l  to i n c r ea s e  or decrease phase

f l y i n q  hours  or total  h o u r s  d ep en d i n q  on t h e  t r a i n i ng

4(1
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phi losophy 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

19 88 , 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 O&S costs. For example ,

an unsol ic i ted  eng ineer ing  change proposal , ECP 391 (Ref. 9)

by the Cessna Corporation , builders of the T— 37, would

extend the design life to 18,00 0 hours and reduce fue l

consumption 47% by reengininq the T— 37 with turbofan engines.

A second a l t e r n a t i ve, shown in Figure 11, is to

replace the 20 year old T-37 with a new aircraft (designated —

XT-l f o r  purposes of th is  s t u d y) .  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 gross wei ght. As

noted in Figure 11, the potential exis ts to increase the

f l y i n g  time in the XT- 1, thus reducing T-38 flying hours

and ex tending the T-38 fleet life .

The XT-l could also be designed to fulfill the Tanker-

Transport-Bomber (TTB) leg of a dual track FUPT system ,

as well as fillin g the primary trainer role of the Fighter—

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

sys tem.
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purposes  of t h i s  s t u dy  • C o n c e p t u a l]  y , t h i s  a i  rcra  f t  w o u l d

be a h i qh s t ibson i c , t w i n  t u r b o f a n  , t a n d e m  s e a t e d  a i  r e ra  I t
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An additional alternative (XT—3) is an aircraft

specifically desi gned for use as both a primary trainer

and a basic TTB trainer. This aircraft, in general

terms , would have three—p lace seating, twin turbofan ,

and increased range and speed over the XT—l alternative.

The last alternative proposes the purchase of two

aircraft ; the XT—l for use in the primary phase of a dual

track sys tem , 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 alter natives pres en te d were discarded

after closer examination . Th ree basic candidate systems

remain as depicted in F igure  12 , Candidate  FUPT Systems .

The following paragraphs summarize the reasons for delet-

ing various alternative systems .

Modified T-37. This alte rnative was eliminated due

to the hi gh cost of the Cessna proposed reengine modifica-

tion as compared to the additional increase in fleet life .

Evaluat ion of the Cessna proposal indicated that it would

merely delay the requirement to acquire new aircraft for a

few years , while extendin g f leet life almos t lon g enough

to pay for the modification (Ref. 10). This was confirmed

by HQ USAF/ACMC (Ref. 11).
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XT-l/T-38 S~ ecia1ized UPT. This alternative was

e l imina ted  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 exis t ing T—37 as a TTB basic t ra iner.

XT-2A/XT-213. Although an inter esti ng concept , the

time required to adequ atel y determine the f e a s ib i l i t y  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 “ill” version , if tied to

s u f f i c i e n t  commonality with the “ A ” version , would be

deprived of technological advances accruing during the phase-

in cycle ( f i r s t  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 e f f e c t i v e  t r a in ing

alternative , i t  is necessary to clesi qn , in a preliminary

fashion , various aircraft which meet a set of desired

performance and equipment parameters. The performance

requi~~ !#fi!1 ~ listed 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 A i r c r a f t  Egu~~~ment 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

seat ing configurations have been proposed , they generally

fall into three categories : side—by--side , tandem, and

three-place . From strictly an instructional viewpoint ,

the side-by-side conf i gurat ion appears to be advantageous ,

whereas the tandem arrangement  is better su ited to hi gher

performance aircraft and FAIR follow-on aircraft . A three—

place trainer is better suited for TTI3 training and for

use in a “dynam ic obse rver ” concept. An evaluation of

the advantages and disadvantages of side-by-side versus

tandem seating is presented in Appendix F.

FUPT Aircraft Maintenance Consideration s

Any f ut u re traine r ai rcraf t must be desi gned w i t h

m a i n t a i n a b i l i t y  uppermost  in mind for several reasons :

( 1)  the h ig h n umbe r of f l y i ng  hours  expended annua l ly by

ATC , (2) low experience levels of student pilots , and ( 3 )

relatively long service life of trainer aircraft. Design

p a r a me t e r s  b r  loqistics support are listed below .

Technolog i c a l  advances  may require modification to these

parame ters in future design iterations.
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A i r f rame

(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

infli ght panel loss.

( c )  Ground leve l access to all system components .

(d ) System components should be centrally located

in one equipment bay whenever possible.

( 2 )  Fli ght control system should only be touched

while perfor ming flight control system maintenance .

(a) Maintenance of non-flight contro l components

should not require  h a n d l i n g ,  remova l , disconnection, etc.,

o f f l i ght control components.

(b) Cabled fli ght  con t ro ls  where possible .

(3 ) Radios should work of f battery when engines not

running.

(4) Redundancy in critical systems

(a) fligh t control s

(b) electrical sources (generators , inverters,

etc.)

(c) communications

(d) attitude instruments

- -  
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( 5 )  Eng ine 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 )  el iminates need for an external pod

( 9 )  W indsc reen/canopy de sign should provide good

optics whi le  providing reasonable resistance to bird

strikes.

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

etc.

Power Plant

( 1) En gine should be selected or desi gned to maximize

fuel conservation .

( 2 )  Maximize  en gine subsystems to reduce maintenance

costs , e.g., no afterburner.
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(3 )  Engine selection should be based on maintain-

a b i l i t y  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 boun d the a i r c r a f t  desi gn. For example, a two—hour

navigation mission could be accomplished with aircraft of

several fuel capacities. h owever , designing an aircraft

capable of a five-hour navigation mission would be highly

questionable if rio mission requires such capacity . There-

fore , to accomplish the navigation mission , the two—hour

fuel endurance (plus appropriate reserves) serves as a

design parame~ er 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 “s iz in g”

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

aircraft (XT—l). 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 m ission profiles depicted , as wi th  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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Tab le 12

Maneuver Description — Advanced Contact Mission

1. Start/taxi — previously explained/self—explanatory .
2 .  T a k e o f f  — previously explained/self—explanatory .
3. Climb/level—off — generally consists of climbing the
aircraf t 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. D e s c e n t/p a t t e r n  e n t r y  — 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 auxil iary field. Time spent at
the auxiliary airfield is inversely proportional to the
skill level of the student. There i~ no set pattern for
orde r in g t r a f f ic pa tt erns , but generally, the sequence is as
fol lows ( for an advanced s tudent) : st raight—in approach ,
normal overhead pa ttern , single—eng ine overhead pattern , no—
flap overhead pattern. One of the overhead patterns in the
sequence is normally reserved as the full stop landing a t
the home field. Go— arounds and low approaches are flown
w h e n  n e c e s s a r y .  To save t ime , most  overhead p a t t e r n s  a re
flown usi ng a closed traffic pattern entry.
7. Cl imb;level—off — consists of departing the auxiliary
field and climbing to the locally designated point where an
as s igned  area  can be e n t e r e d . C l i m b  is at best  c l i m b  speed .
8. Cruise to area — optional , s ince some local area procedu re s
allow climb direct to an a rea. General ly,  howeve r , some
l e v e l  c r u i s ing , at normal cruise , is encoun ter ed prior to
reaching the assigned area.
9. Area worK — begins with a change of power to enter the
assi gned area , an d end s w i t h  a change  of power  to e x i t t h e
assigned area. Includes the  performance of required maneuvers ,
and  time to an a l yz e , set up and critique those maneuvers.
An a b s o l u t e  m i n i m u m  of 100 s q u a r e  m i l e s  of a i r s p a c e  are

L 

required t~or each a r e a .  Areas  a r e  u s u a l l y  s t r a t i f i e d  i n t o
hig h (15— 22 ,000’) and low (7—13 ,000’) blocks for maximum
utilization of airspace .
10. Ar e a ex it/d escen t — cons is ts  of a descen t to a l o c a l l y
d e s i g n a t ed a l t i tu de , and c o m p l i a n c e  wi th a loc a l l y  desi gna ted
re turn route. A climb may be necessary from a low area , but
no rmal a rea ex it entails an id le to reduced power le tdow n .
11 . Pattern en~~ y 

— previously explained/self—explanatory.
12 .  F u l l  stop l a n d i ng  — consists normally of the overhead
pattern not accomplished at the auxiliary airfield.
13. Taxi/eng in e shutdown - previously explained-self—explanatory.
14. R e s e r v e  — 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 unde r each

of the selected training alternatives. Whenever non-UPT

programs needed to be considered, an equivalent  product ion

or flying hour figure was calculated in the same proportions

as under the projected UPT—IFS syllabus (see Table 5).

A prime func t ion of syllabus development , for purposes

of thi s study , is to i d e n t i f y  the total f l ying hour require-

ments so as to cost out the various a l t e rna t ives . Actual

syl labus development is a f ai r ly  length y process ; the

exact  compos ition 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  po in t i t  is important to r e i t e ra te  th at these

sy llabi do not envi sion any si g~nificant differences in

graduate quality. This was purposely done to ensure a

common basi s fo r cost comparison s .

A very real considera t ion, which shoul d be add ressed

prior to actually committing ATC and ~JSAF to a particular

UPT t r a ining system , is the total USAF f l y ing t r a i n i ng

program. We have seen a sign ificant increase in the

L 
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t ra ining 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 Un it Equipment (UE ) a i r c r a f t, and (2)  operational

pilots must be dedicated against a training rather than an

operational mission .

Concep t Designs

Several conceptual design iterations were performed by

AFSC/ASD for each class of aircraft——XT-l , XT—2 , and XT—3.

A representa t ive  design from each series was selected for

comparison . Neither airframes nor engines repre sent

ex i s t ing, off-the-shelf equipment , hut are of the “paper ”

category . Sufficient technology exists , howeve r , 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
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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

A i r c r a f t  RDT&E and acquisition costs were estimated via

the Rand DAPCA III model for estimating development and

procurement costs of aircraft (Ref. 12 & 13) - F igure  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 sig n i f i c a n t, if

not predominan t, share of aircraft life cycle costs.

Unfortunately, cost estimating relationships for such items

as Depot Maintenance, Maintenance Material, and Replenish-

ment Spares costs per f l y i n g  hour we re unavailable for this

report. Therefore , estimates we re based on current trainer

aircraft for which such costs were available in AFN 173-10

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

ment Spares costs for the XT—l 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 lowe r and upper bound we re developed by using the mini-

mum and maximum values of (1), (2), and (3) above.

A “best guess ” of Depot Maintenance , Maintenance

Materials , and Replen ishment Spare s 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 ins tead

of T— 38 costs due to the similarity in performance between

the XT-3 and the T-39.

Direct -aintenance manhours per fly ing hour  were

computed via a Northrop set of equations. An upper

boun d fo r  main tenance manho ur per f l ying hour wa s 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 11 1/2 -

12 months X 17 60 hrs/mos X 1.0~

In addition , aircraft must be procured to account for

accident attrition. In the case of the XT-l 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:

Additional A/c req ’d = 
Annual flying hrs x Attrition rate x 20 yr

H



_____ ________ -.~~~~-~~~~~
-.-—

~~~~~~
. —

~~~
—

r~ Q ~~ C C Lfl Lfl C U~ tfl (.4
¼0 C Lfl Lfl Ui (.4 N Ui N (N ~~I ~~ • . . . . . . . . .

C N r~ m N ~~ N a~ N cfl
>~ -~ ~~ ~~ m Ui ~~ —I ‘-4 N

N C Ui Ui C C C) C C C (N
(N Ui Ui (N N C) Ui Ui C Ui Ui ~,D O’~I ~O . . . . . . . . . .
E-4 N Ui Ui Ui N ~D N
)~ ~~4 Ui ~~

. m Ui N ~~~‘ (N ,-4 N

‘-I C C C C C C C C C Ui
.O C C C C C C C C C O~ 0i

I • . . . . . .
.-4 ~O ~~ (~~ ~~ N ‘,O ~~ (N ~~ ~~ Ui

>~ (N N N (N ,-4 ~~4 -I ‘-1 .-$ -.4

>

I’,

U)
C C C C

4-’ ~~ ~~ C C C (.4
Lfl (fl m C •

0 I C ~.D Ui C
U E-~ ~~ N ¼~~ Ui m

ci)

Li ~(~ 0

~~ N N
> r~ Ui C C C

I Q~ Ui C C C
E.4 ‘—4

—4 ~~ ~,C) N
(N ‘-4

—

-~~

-~
U)

tT’ — (~ ci)
- ‘-4

— (2) (ci -~~
~ U> C) (1) 0.,
o -~~~ ~~ ‘0 4J ‘0 ‘0 U) ‘~~ ‘0 ~

—
‘. ‘0

cci ~
~ ~

Qd ~~ . (2) 0 0 0 0 ~ 0 0 0
E 4J ~~ ~~ CO CO c~ CC CC a’ CC
~~ CO c C) E o
U) 0 —I %., ~. c 4-i ~~ 4-i ~-i ~~c~ C) ci cii cii ci ci) W U) 42) c~) ciio ~ o~ ~~ o-~ •-~ ~ o~ c o~U ‘-4 0 Q~ ~ 0 0.~ ~ 0 0., W

0 ~J D i—i ~ (2) ~ ~~ 4~J
‘—4 ~~ 0 ‘-4
(I) 0~ •-i 0~i > ci) ci)

Cz.~ 4: z z

78



r

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 life .

Tables 23 through 26 in Appendix H demonstrate phase-in/

conversion of flying proqrai-ns by flying hours by year.

These tables are used later for computation of system

costs. The number of new aircraft required to support the

depicted flying hour programs is shown in the right hand

column . In parentheses () is the number of additional air—

craft required due to accident attrition . Tables 25 and

26 depict T-38 fly ing hours required in support of both a

26 training requirement system and a 30 requirement system

(without and with a tactical phase).

A pictorial representation of aircraft phase-in schedules

for each option is provided in Fiqure 20. Note that a T—38

replacement is required in the mid-90s under Option I ,

whereas under Options lilA & B, T— 38 fleet life is extended

substantially.
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VIII. EVALUATION

This section examines the impacts of the selected

training alternative s on fleet life , training ability,

and costs. Some areas are treated qualitatively as

sufficient data is unavailable to permit quantitative

analysis.

Fleet Life Impact of New Systems

Three of the candidate FUPT systems retain the existing

T-38 aircraft as a future training vehicle. Once a T—37

replacement has been procured , the T—38 fleet was reexamined

for insufficiency dates.

Upon conversion to an XT-l/T-38 UPT system (Option I)

a total of 570 T— 37 airframes with an average usable remain-

ing life of 2,564 flying hours ~\‘ould exist as excess. This

would amount to an equivalent fleet of 97 new T-37 aircraft

(57 0 A/C X 2564 hrs/A/C __

~15000 design life

Due to a slight flyinq hour reducti on in the T—38 phase

of training, the T—38 fleet insufficiency date would be

ex tended by one year to 1995. Therefore , unde r this

alte rnative , the T-38 fleet would require replacement about

halfway through the life cycle of the XT-l.
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A~ ter conversion to the XT-2 all—through aircraft ,

Option II , 668 T—38 aircraft , with better than one-third

of their usable airframe life remaining, would become

excess. This represents 249 equivalent new T—38 airframes.

Although several potential uses exist for these excess

T-38s , such as foreign military sales , use by Air Defense

Command as a T-33 replacement , base support , etc. , this

still represents a significant loss of utilization .

Conversion to a dual track UPT system (Options lilA

and IIIB) would stretch T—38 fleet insufficiency to 2005 ,

which coincides closely with the life cycle of a T-—37

replacement aircraft. Realistically , several of the

excess T—38s which would exist at the beginn ing of a dual

track UPT might be assigned non—ATC duties , therefore

reducing, to some degree , the revised fleet insu fficiency

date .

Table 16 summarizes the status of the T—37 and T—38

fleet upon conversion to new aircraft or at the revised

fleet insufficiency date in the case of the T—38.

For all of the options described , alternative phase—

in proqrams appear possible , potentially more fully utiiiz—

m g  the remaining T—37 and T-38 fleets.

The dual track options provide two distinct advantages:

(1) significantly extend T—38 fleet life , and (2) more

fully utilize airframe design life .
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Table 16

T— 37/T-38 FLEET STATUS

T-37 Fleet XT-l XT—2 XT-3

#T-37 remaining after conversion 570 486 548

Hrs/T— 37 on remaining aircraft 2564 2334 2453

Equivalent new T-37 airframes 97 76 90

T— 38 Fleet

#T—38 remaining after 575 668* 340
conversion*/insuff iciency

Hrs/T—38 on remaining aircraft 2122 5956* 1549

Equivalent new T-38 airframes 76 249* 33

Revised T—38 insufficiency date 1995 — — 2005

Training Requirements

Of the 30 numbered training requirements , each

alternative is capable of sa tisfactorily fulfill ing

numbers 1-19 , 21—23 , 29 and 30. The remaining six train-

ing requirements (TR) require some additional discussion .

Tactical Formation (TR #20). This training requirement

can be met effectively only in a specialized training system.

Al though it could be taught in a generalized UPT system , it

would be of little value to those graduates assigned to TTB

aircraft. This would increase the length and cost of train-

in g.
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basic Fighter ~aneuvers (TR #24) . See T a c t i c a l  Forma t ion .

A i r — t c — ~~round F u n d a m e n t a l s  (TR # 2 5 )  . See Tactical

F o r m a t i o n .

A i r  Drop F u n d a m e n t a l s  (TR # 2 6 ) .  Same r a t i o n a l e  as in

Tactical Formation , but would be of little value to FAIR

graduates rather than TTB graduates. Effectively trained

onl y in a specialized UPT system .

Radar  N .iviqation (TE # 2 7 ) .  This r equ i rement  can be

s a t i s f a c t o r i l y  met through the use of ground based med ia .

A i r b o r n e  r a d a r  equ ipment  would aci d to the a c q u i s i t i o n  and

o p e r a t i na  costs  of not  only  new a i r c r a f t , but  would also

r e q u i re  m o d i f i ca t i o n  of the T — 3 8  in those sys tems  r e t a i n i ng

th a t  a i r cr a f t .

~‘ rc~~~ Cc~) rdj f l .1tioO (TR # 2 8 ~ . sat i s f a c t o r i ly  t a u g h t

c n lv  in a specialized UPT svst .ei~i .  Use of t andem seated

a i r c r a f t , as in the .ienera1i~:ed UPT s ’-s tems , provides only

limited cre .~- c o o r d i n a t i o n  t r a i n i n g  at bes t .

A s p e c ia l iz e d  p i l o t  t r a i n i ng  s y s t e m  can d e f i n i t e ly

f u l f i l l more training reguirements more effectively than

othe r sv st er i s . Howe ver , the th ree  F A I R — o r i e n t e d  t r a i n i ng

r e qu i  r e m e n t s  would  r e q u i r e  the a d d it  ion of a tact  ica l  phase

in the  F A I R  leg of  a dua l  t r a c k  s y s t e m  and subsequen t ly

i n c re as e d  f ly i n g  h o u r s .  T h e  cost ot these  a d d i t i o n a l  hours

is d i s c u s s e d  unde r the c~~st  inc  ev a l u a t i o n . A more d e t ai l e d

d i s c uss i o n  of t r a i n i n g  s vs te u s  v e r s us  t r a i n i ng  r e q u i r e m en t s

is cent  a i n e d  in  the  ~t i  ~ s ion  . \ na lvs i s  and Dual  Tr ack st u d i e s .



:\ summary of abi lit y to f u l f i l l  t r a i n i n g  req ui remen ts

is depicted in Table 17. It shows that the basic question

r e lat  ive  to t r a i n i ng  r e cu i rem e n t s  remains  unchanged f rom

the  M i s s i o n  A n a ly s i s , n a m e l y :  I f  26 t ra in i n g  requi rements

a r e  ade q u a t e , t hen  e i t h e r  of the f i r s t  two gene ra l i zed

O p t i O n s  ( X T — 1 / T— 3 8  or  X T — 2 )  shown in Table 17 w i l l  s u f f i c e ;

i f  t h e  h i g h e r  q u a l i t y  of a 30 r e q u i r e m e n t  UPT sys tem is

d esi red , t h e n  a speciaii z~ d sy s tem , dep ic ted  by the  las t

t ,..o co l u m ns (XT— 3 and T — 3 8 )  w i l l  be needed.

Quall tati\-e Assessment

T h i s  s e c ti on  p r e s e n t s  v ros  and cons for  each of the

al ternative training s\-s telmms . Many areas  are , by n a t u r e ,

unguant ifiable ; ho~’evo r , in some cases , a lack of dat a ha s

dictated a qualit at ive treatment.

XT—l ‘1—38 S’:~:t em. ‘T he :miajo r  a d v a n t ag e  of t h i s  sy s t em

i s  its low initi al investment cost. This provides a poten—

t id . i d v . i nt a q e  in ob t a i n i ng  necessary  fu n d i n c  - Ove r the

l i f e  cycle  of  such  an a i r c r a f t , howeve r , the  cost of

ope r a t i n g  he t -e la t i ye lv expensive T— 38 makes this system

a poo r a l t e r n a ti v e . F u r t h e r m o r e , the T — 3 8  a i r c r a f t  would

rec t i i  re r e y l a c em e n t  o n ly  a few yea r s  a f t e r  i n t r o d u c t i o n  of

the  XT— 1.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ---



Table  17
C A N D I D A T E SY STEMS VS T R A I N I N G  R E Q U I R E M E N T S

• XT— 3 T—38
Trainin g Re~j u i r e m e n t s  XT—l /T—38 X T — 2  (TTB ) (FAiR)

1. Ground Operations X X X X
2 .  P r e — T a k e o f t  T a x i  X X X X
3. Takeoff X X X X
4. Forma lon Takeoff X X X x
5. Cl imb : Level Off X X X X
6 .  D e s c e n t/A p p r o a c h  X X X X
7. Land t ng X X X X
8.  P o s t — L a n d i n g  T a x i  X X X X
9. Basic Control X X X X
10. Precision Control X X X X
11. D e p a r t u r e  R e c o g n i t i o n

& R e c o v e r y  X X X X
12.  A e r o b a t i c s  X X X X
1 3 .  U n u s u a l  A t t i t u d e s  X X X X
1 4 .  P i l o ta g e/ D e a d  R e c k o n i n g  X X X X
15. Uiy h Low Altitude Nay X X X X
16. Close  l’ o rm a t i o n  X X X X
17.  T r a i l  Formation X X X X
18. Communications X X X X
19. E m e r g e n c y  P r o c e d u r e s  X X X X
2 0 .  T a c t i c a l  F o r m a t i o n  X
21. Formation Landing X X X
2 2 .  Low Level  V i s u a l  N a y  X X X
23. Decision Making X X X X
2 4 .  B a s i c  Fi g h t e r  M a n e u v e r s  X
2 5 .  A i r  G r o u n d  F u n d a m e n t a l s  X
26. Air Drop Fundamentals X
2 7 .  R a d a r  N a v i g a t i o n ** X X X X
2 8 .  Crew C o o r d i n a t i o n  X
29. Collision Avoidance X X X X
30. Airborne Rendezvous X X X X

* S a t i s f a c t o r i ly taug ht  o n l y  in  specialized UPT due to
l i m i t a t i o n s  of tandem s ea t i ng .

** Poss ib ly  accomplished via Ground Based T r a i n i n g .
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This system may present  less r isk by preserving the’

“status quo ” in that it. r et a i n s  the cu rr en t  un i v e r s al l y

a s s ign a b l e  p i l o t  concept as wel l  as r e t a i n i ng  a i r c r af t

s i m i l a r  to t h e  c u r ren t  ‘r— .17/ T—38 sys tem.

XT—2 S~~~t enr . The m a j o r  a d v a n tag e  of t h i s  syst em

l ie s  i n  its ease of support: , bo th in loqi~;t i cs support . and

op erat  i Ot iS  s i i~ p ort  . St ’ve ra l  p o ten t  i a 1 advan t  .ig

discussed below :

I .  Red uce sy I i  ah i t s  I ly j u g  hou r s  by e i mi nat i nq need

to t r . i i in  i t  i on be t- w~.’en a i r c r i  f t  . Alt I rough I Ii i s i s p robab le

he reduced I o t 1 lion rs con 1 ii be rib re c( t ] y ( I L i t ’  t. 0 t 11(~

Inc ro .ised comp it ’ xi ty ol tire a i rc ra f t i Ii C Of lhp . i  V i  Soli t o  . 4  1 OW

cost prl ma ry a i rc r a t  I

2.  El i m i  t i at e  a n n o c  i a t e d  g en e ra l  la ck of  k n ow l e d g e

d r i r  i f lq  t r ain ; it i 011 p&’ n od . Many con s i der I he t t a rn ;  i t  ion

F t ’ I i c t ’ a va 111 , 11 ) 1 i’ p.r i t  of LJl’ T

.1 . ~~t ,itit1. ~ rd i ‘~~‘ ,ii1iI mm i f l i t’  1 I v  P4 .1  n t . i ’n .m nre ’ - A I t t r o u gh

n i  ~in da r d  i ~at tori i n p rocedure ;;  and gr o u n d  m ;t l p p o r  I eq u i pmeri

W on Id i e s t i  I t  , mm i nip I i  I i  ca t .  i on w o u r l  d m.u i  n i  v app l y onl y i n I tie

l f l, i l i . iq t ’I l l ’ i l  t a i t ’ d ; ;  ( 1  r i  i i i  i r ig , sc ln ’d r r .l i nq , I c —
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5. Allow all training to be accomplished in the same

training areas. This would probably reduce the airspace

required to conduct UPT training and thus further reduce

the mid—air collision potential. Primarily , this would ease

management of training areas ; however, the higher performance

of the XT-2 would require enlargement of the existing T—37

• training area size , thus reducing the number of available

areas. Some reduction in T—38 area size could be accom-

plished. Thus it appears that there would be little , if

any, net reduction in training area airspace .

6. At three runway bases, it would allow one runway

to be used for VFR pa t te rns, one for departure and arrivals ,

and one for IFR training. This procedure could curtail and

possibly elim inate the requirement for  sa te l l i te  GCAs , IFR

training at other bases, and auxiliary airfields . Again ,

this would reduce mid-air collision potential and lend to

a safer environment because of fewer procedures and improved

command and control. Note that satellite GCAs will be

elimin ated with implementation of the Instrument Flight

Simulators.

7. Reduced operations and maintenance personnel ,

primarily in fixed overhead . Although probable , the reduc-

tion would he quite minimal. The number of students would

probably require two training squadrons per wing. Mainte-

nance manpower is now computed on the basis of flying hours
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and manhours  per f l y i n g  hour .  Al though  some potent ia l

reduct ion in main tenance  support  func t ions  appears a t ta in-

able , the added complexity of an XT—2 versus T—37 (or

other primary aircraft) could result in a net increase in

manpower.

8. Reduced academic course length .

9. Reduce PIT from two to one squadron . This aqain

would primarily depend upon student load and is not neces-

sarily true .

10. Reduced maintenance training requirements. This

a lso  is a f u n c t  ion of the m a n h o u r/ f l y ing hour  r a t io .  A

reduction in to ta l  n umber of different types of training

courses and t r a i n i n g  equ i p men t . would r e su l t ;  yet the number

of i n s t r u c t o r s  and t o t a l  numbe r of c lasses  r e mai n s  sub—

st ant  ia l l v  u n c h a nge d .

11. Reduced I iy i  niq h o u r s/ e x p e r i e n c e  of l I FT g r adua t e s .

C a r e e r  nii lest ones are  o ft e n  pegged t o tot  al I l y i n g  t ime .

Ee lni ’’eJ  UP T h o u rs  t ’OlI 1 1  requ i no more experience be ga ined

I a t  or  i n  mo re expensive (cost .  per f l y ing hour )  ai r er a f t  in

orde r to upgrade.

12 . Increased time in one ai r c r a t  t shou ld  increase

co n f i d e n c e , expe r i ence  level , and g r adua t e q u a l i t y . This

appears 1 i k e  l y I f  the tot :11 UPT I lying hours  per s tudent

remains  u n c h a ng e d  from a two  a i rcra  ft g en e ra l  i :~ed p i l o t

t rat fl i nq sys t em. l lo wey e F , one of t lie ma in adv.in t ages to

9 1
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a single aircraft system is the ability to reduce total

syllabus flying hours and maintain graduate quality (item

~l). However, you cannot have it both ways .

13. An all-through aircraft could be easily adapted to

fulfill a lI ght  attack/fighter traine r mission . The foreign

sales potential could result in a lower unit cost per air-

craft than used in this study . Since the XT—2 would also

replace the T—38 fleet , a certain sales potential of T—38

a i r c ra f t  is a lso  r ea l i z e d  unde r this option .

Perhaps  the m a j o r  a d v a n t a g e  of the si n g le a i r c r a f t

concept as a replacement for  the current  t ra iner  mix  is in

t h e  improved fue l economy of the XT—2 versus the T-38 due

to advanced t echnoloqy and somewhat reduced performance

requirements. For the qeneralized pi lot  t r a i n i n g  option ,

i . e  • , u n iv e r s a l  lv 1 ; ; m ~ I qn, ihie  p i lo t  concept , the XT—2

concept  has a d e f i n i t e  advantage  ove r m u l t i p le a i r c r a f t

sys tems r e t a i n i ng  the  (relatively) expensive T—38.

~~~~Ci~~1 i n t ~d UP T Systems

In c o n t ra s t  to  a ge n e r a l i z e d  UPT sy s t e m , a s p e c i a l i z e d

(d ual  t r a c k )  sy st em can mee t  more  t r ai  n in q  requirements  more

of feet i V t ’ lv , thereby producing  a hi gher qua l  i ty  graduate

Thi s point. ha s repe a t ed ly  been d iscussed  in a number of

previous studies and articles.
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Although tracking is seen to produce a higher quality

graduate , some disadvantages are also clearly evident .

Assignment  f l e x i b i l i t y, both for  i n i t i a l  assi gnment and

dur ing one ’ s career , is reduced. The degree to which this

f l e x i b i l i t y  is desired or required is not considered dur ing

th is  study ,  but should be considered prior  to any f i na l  deci-

sion .

Of greater  concern to the training community is the

impact of specialization on training resources. For any

given pilot production level and distribution of FAIR/TTB

assignments (currently about 40%/60%) a given number of

FAIR/TTB aircraft are required. Should pilot requirements

change substantially from this planned distribution , one

runs the risk of having too few of one trainer aircraft

and too many of the other. By retaining the T-38 as the

FAIR t r a i n e r , t h i s  r i sk  is considerably m i n i m i z e d , due

to the large size of the existing T-38 fleet. This acts

as a comfor t ab l e  b u f f e r  should ass ignment  d i s t r i b u t i o n

favor  the t a c t i c a l  a i r c r a f t  forces .  it  is impor tan t  to

realize that although an apparent excess of T—38 aircraft

will exist if a specialized UPT system is adopted, mainte-

nance of this buff er must be considered whenever potential

reductions in the T-38 fleet are contemplated , such as

foreign sales , transfe r , etc.
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The next paragraphs deal , qualitatively, with advantages

of a one versus two new aircraft buy in support of a special-

ized UPT system.

XT-3/XT-3/T-38 System.

1. Requires purchase of only a single new aircraft

(possibly easier to obtain fund ing) .

2. Limits UPT to a two aircraft system with subsequent

ease of logistics support. With TTB and FAIR tracks con-

ducted at different bases, it allows the single aircraft

advantages regarding airspace utilization and reduced mid-

air collision potential to be incorporated at the TTB bases.

3. Would require the XT-3 to be designed primarily for

training, i.e., very limited use for cargo or passenger

handling.

XT-l/XT-3/T-38 System.

1. Lower O&M costs compared to XT-3 only.

2. Increased logistics support required to maintain

three aircraft.

3. The XT-3 could be enlarged somewhat to allow for

passenger and/or cargo handling. This would increase the

cost both in acquisition and O&M. Little increased train-

ing would be achieved. An enlarged XT- 3 could possibly

replace the aging MAC T-39 fleet , thus reducing overall

unit cost. Potential as a civilian executive jet could

further reduce the cost of acquisition .
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XT—l/Executive Jet/T-38. This is substantially the

same as the previous system but envisions use of exis t ing

business or executive je t  a i r c r a f t  in lieu of the XT-3.

Detailed analysis  of th is  option is deemed inappropr ia te  at

th is  stage .

Qua l i t a t i ve ly:

1. Would allow conversion to dual track UPT more

re adi ly ( o f f — t h e — s h e l f  a i r c r a f t)

2. Would provide a potential replacement for aging

MAC T-39.

3. Potentially lower acquisition cost due to reduced

RDT&E .

4. increased O&M cost over XT— 3 due to larger size ,

less current technology.

5. No identifiable training advantage in an executive

jet versus XT—3.

Sy l labus

The three syllabi previously depicted in Figure 12 and

Table 13 should provide equivalent graduate quality . The

dual track opt ion , howeve r , provides the ability to better

tailor the graduate for his end assignment. Any substantial

increases in sy l l abus hour s in order to incre ase graduate

quality provide an opportunity for reduced post—UPT training.

In the case of g radua tes  selected for  FAI R ass ignment ,

increased UPT t ime and t r a i n i n g  in the T-38 could r e su l t  in
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reduced TAC l ead—in  t r ai n i n g . Since the T—38 is used in

both courses , costs would remain subs tan t ia l ly unchanged

wi th  some potent ia l  reduction in f ixed costs. Any reduc-

tion in TTB graduate post-UPT f l y i n g  t ra in ing  as a result

of increased graduate  qua l i ty  should sig n i f i c a n t l y  reduce

overal l  t r a i n i n g  costs due to the relatively hi gh cost of

operating mul t i—eng ine  operational a i r c ra f t. Extensive

testing and validation would be required to determine the

amount of tradeoff which could be effected. This study

doe s not address these t r adeo f f s, but a table of opera-

tional a i r c r a f t  f ly ing hour costs is provided in Table 18.

When compared wi th  data on FUPT Options in Table 15 , the

conclusion is obvious .

Cost Anal ysis

A cost analys is  was performed wi th  basic data provided

in Appendices I & J. The object ive of th is  cost analysis

was to provide management wi th  indicators of the relat ive

cost ranking  of the various UPT alternatives. Therefore ,

procedures were adopted which would allow the development

of a rank—ordered costing without the constraints of a

formal  L i f e  Cycle Costing (deemed inappropriate at this

s t a g e) .  The major  areas of cost which are sensitive to

system design and training concept have been included

(RD T &E , a i r c r a f t  acquis i t ion, s imula tor  mod i f i ca t ion, fue l ,

and m a i n t e n a n c e) ;  however , several wash items have been

excluded as they do not a f f e c t  the re la t ive  rank order .
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The O&M costs depicted in th is  analys is  exclude all

fixed and some variable costs such as student and

instructor pay and their associated BOS. A per flying

hour cost was computed for each aircraft which included

the following elements : Maintenance labor (salary),

main tenance  mater ia l s, replenishment  spares , depot

main tenance , AVPOL, BOS personnel  and non-personnel

costs associated wi th  the maintenance labor force .

Listed below are these computed f l y ing hour costs for

each a i r c r a f t :

T—37 $258

T—38 504

XT—l 173

XT—2 282

XT—3 237

The O&M costs used in th is  a n a l y s i s  m u l t i p l i e d  annual

f l y i n g  hours  by the appropriate cost per f l y ing hour.

In addition to the O&M costs derived aboi~e, RDT&E ,

aircraft acquisi tion , and s imu la to r  m o d i f i c a t i o n  costs

were used in the development of rank—ordered costings

used in t h i s  s tudy . Inves tmen t  do l l a r s  were considered

expended in  FY 84 to FY 86.
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Cost Category Rankings. Table 19 summarizes the cost

data  developed in  Appendix  I.  The da ta  is broken down by

major cos t categories : RDT&E , acquisit ion , simulator ,

and O&M. A credit is included for the residual value of

current OPT aircraft upon conversion to a follow-on UPT

system or , in the case of Opt ion I , the value of a T—38

rep lacement  a i r c r a f t  at  the end of the XT—l service l i f e .

These costs are totaled and provided in terms of cons tan t

77 do l la r s , curren t (then year ) dollars, and discounted

dol lars.

Purely for illustration purposes , costs are depicted

f o r  the e x i s t i n g  s y s t e m  as Opt ion  0. This is not a pos-

sible a l t e r n a t i v e  as the existing T—37/T—38 sys t em cannot

be sustained forever. It is provided only as a r e f e r ence

base .

M a k i n g  a decis ion based on these  cost ca tegor ies

a lone  is d i f f icul t  because most of the costs are w i t h i n

10% of each other. h owever , a few points are worth

mentioning in analy z i n g Tabl e 19 data :

a. Option I has the highest  investmen t cost

due to the need to replace the T-38 midway through the

l i f e  time of the XT- 1 ( T — 3 7  rep l a c e m e n t) .  Cost data

f o r  the XT—2 were used to estimate costs for this T—38

rep lacement. Since half of the T—38 rep lacement a ircr a f t

99
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Table 19

COST BREAKDOWN - $M

OPTION

0* I II lilA IIIB

RDT&E 91 2 2 3  163 91
** 2 2 3  163

Acqu i s i t i o n

— Simulators 70 68 56 61
— A i r c r a f t  1,010 1,022 744  655

Total Inves tmen t  1, 394 1, 313 963  970

(Res idua l  Va lue ) ( 3 4 6 )  ( 1 9 2)  ( 4 3 )  ( 4 4 )

O&M 5 ,364 4,065 3 ,754 4,283 3,794

Totals

Constant 77 $ 5 ,364 5,113 4 ,875 5 ,203 4,720

Current
(then  ye ar )  $ 20,012 15 ,728 15 ,356 17 ,178 15,383

Discounted $ 6,165 6 ,248 6,074 6,370 5 ,803

* Existing system depicted on ly for illustration .

** T—38 replacement in 1995 based on XT—2 costs.
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l i f e  would be r e m a i n i n g  at  the end of the 20 year  system

lite , Option I also has the highest  residual  value . The

high investment costs , coupled with a high 0&M cost ,

make s Opt ion  I on e of the hi gher cost systems.

b. Option II has the highest ini tial investment

cost due to replacement of both the T-37 and the T—38 fleet

at the same time . Since the T—38 is replaced , th is system

has a low operatin~ cost ; therefore, maki ng i t one of the

lower cost systems .

C. ?.lthouqh Option lilA has the lowest investment

cost , it also has the highest O&M cost , making it a high

cost system.

d. Option IIIB has both a low investment cost as

well as a low operating cost , making it the lowest cost

system.

AveraLje Annu al Value. Based on the de ta i l ed  cost data

in Appendix I , Table I compares these types of costs w i t h

anti without residual value (e.g., the estimated value of

useful life remaining in the residual T—37 fleet when pha sed

out) . These costs included all system—dependent cost

e l e m e n t s  (RDT&E , acquisition , operations , and maintenance)

and we re averaged  over 23  years  (th ree  yea r s  phase- in

p lus  20 y e a r s  u t i l i z a t i o n) to provide the  average annua l

value ( AAV ) in the table. Fly ing hours were based on

ext rapolation of all current programs (OPT , P I T , SAPT ,

E T C . )  w i t h  the  excep t ion  of G\F , ACE , and UNT.
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Because of the u n c e r t a i n t y  associated wi th  p r o j e c t i n g

programs (much less their costs) 30 years into the future ,

an~i because  of the difficulty in making approximations for

converting the non—USAF programs into their “USAF equiva len t s ”

(see Appendix H and Section IV) , it was deemed appropria te

to remove as much of this uncertainty as possible .

F u r t h e r m o r e, r e imbur semen t  f o r  SAPT t ra in i n g  costs was

not included. Determining the residual value of an air-

craft system even 10 years hence becomes difficult.

Theretore , costs like those in Table I, Appendix I,

were recomputed for only USAF program projections and

without residual values. A rank-ordering of these costs

is shown in Table 20. The existing system (Option 0) is

again provided for illustration purposes only. Although

costs are still relatively close , Option 1115 is again

seen to be the lowest cost option .

Per Graduate (Unit) Cost. A cost per graduate for

each FUPT option was computed. These costs include all

variable costs (direct and indirect) but exclude fixed

overhead costs and system acquisition costs. These costs

were computed in constant FY 77 dollars and based on cost

factors listed in Table 15. ~\s depicted in Figure 21 , the

single aircraft and dual-track options are less costly than
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ei the r the current program or a straight T—37 replacement.

‘rho specialized Option IIIB OPT system using three aircraft

(X T - l/ X T — 3 / T - 3 8 )  again  has the lowest cost .

The dashed lines in Figure 21 provide upper and lower

bounds for  cost per graduate  when u s i ng  the upper and lowe r

bounds for various fly in g hour cost f actors from Table 15 .

Again the XT-l/XT-3/T—38 system remains the lowest cost

option .

Fuel Considerations

Fue l costs and availability have been of ever increas—

ing concern . Figure 22 reflects fuel consumption rates

fo r  each o p t i o n  as w e l l  as the c u r r e n t  sys tem u s i n g  IFS.

The left—hand vertical axis represents fue l required to

produce one OPT graduate , includinci attrition and overhead .

The ri qict—ha nd ax i is scaled  to dep ic t  total fue l required

annually to produce 2100 OPT graduates.

The f ig u r e  g r a p h i c a lly  p o r t ray s  the e f f e c t  of r e t a i n i n q

the T—38 w i t h  i t s  r e l a t i v e l y  hi gh fue l consumption rates.

There is some reduction in Opt ion  I since some hours now

flown in the T—38 are put in the XT—l . Those systems

w h i c h  rep lace the T— 38 in whole  or in part show a d i s t in ct

fue l advan tage . The T — 3 8  po r t ion  of the  special  i~~ed

Opt ions  l i l A  and 1 I 1 B  is reduced s i n c e  on l y ab out  40 % of

UPT p roduc t  ion go t h r o u g h the 1- ’AT R t r a c k .
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A d d i t i o n a l  T r a i n i ng  Impacts

The fue l and cost d e t a i l s  provided so f a r  have been

predica ted  on a constant  qua l i t y  graduate . In the case

of the a l l - t h r o u gh opt ion (Opt ion  I I )  considerable discus-

sion has favored not reduc ing  s tuden t  f l y ing hours but ,

r a t he r , u s i ng  t h i s  t ime  to improve q radua te  q u a l i t y .

R e t a i n i ng  a s y l l a b u s  of 171.8 hours per s t u d e n t  w i l l

increase the  annua l  f l y i n g  hours , cost per graduate , fuel

consumption , and the total. numbe r of  new a i r c r a f t  r equ i red .

Al though  ATC costs would increase over t h e  shorter 154 .1

hour program , the i nc r ea sed  g r a d u a t e  q u a l i t y  shoUld be

re f le cte ti in reduced post —OPT fell OW— el )  t ra i n i ng and a

subsequent reduct ion in overall USAF’ cost s . The degree

of tradeoff i s not a d d re s s e d  in th i s stud y.

S inn l ar l y , unde r t lie specia l  1Z O.i  OPT opt i ons (Opt iOf lS

lilA and H) , t he add it ion of a tact i cal phase i n  the PAl P~

track has considerable .~p p e . i  I . A d d i ng  a short t act I c a l

phase ( 12  so i-t i es/ I  3 . 2 hon rc; ) would also i n c r e ase  annual

flying hours , per -1 r a du a t  cos t c ;  , and t u e  I co l i s u m p t  i on

Howeve r , ra t her t h a n  r e q u i r i ng  p u r c h ase  o t  ad d i  t i coal ai r—

c raft , a one year ) -educt  ion in T— .38 fleet. I) t o would

occur ( f r o m  200’~ t o 2004) . Assuming that . inv  m c i-eases

in the  VA I T~ sy l 1 abus would  be compensated  to r l’v t e d u c ed

TAC lead—in t r a i f lj f l q  ( a l so  u s i ng  th e  T— 3 ’4 ) , oy e i- ,il l USA1’

cos t s should  r e m a i n  i e lot i ve iv  c o nst an t . .
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Table 21 summarizes  the impact of providing th is

additional training in some of the more significant areas.

Since the type and amount of additional training varies

among the three options , this table is not intended for use

as a comparison of alternatives. All totals are given in

the context of Table 20 and Fi gures 21 and 22 .
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S e n s i t i v i t y  Analysis

Two key factors have dominated the comparison of

al te rnat ives to th is  po in t :  production levels and syl labus

construction . These factors significantly affect fleet

l i f e , procurement size , sys t em cost , and per graduate cost.

This section examines the potent ial  e f f e c t s  of changes to

various system elements .

OPT Production Level vs Fleet Insufficiency. Any

substantial change in Air Training Command production rates

affects fleet insufficiency dates as depicted in Figures 7

through 10. Note that each 25 ,000 hour decrease in annual

T-37 f l y ing hou rs adds approx imate ly one year to T-37 fleet

l i fe  expectancy (25 , 000 hours roughl y equates to 275 OPT

graduates). Similarly , a 20 ,000 hour annual increase in

fly ing hours shortens fleet life by six months (for the

first 40 ,000 hours or one year) . Further increases in

annual fly ing hours accelerate the rate of fleet insuffi-

ciency due primarily to an inadequate fleet size . Sale

or transfer of i’tTC T—37 aircraft also reduces fleet life

by approximately six months for eve ry 25 aircraft transferred

or sold.

Numerous programs at various stages of development

(NJJPT, foreign sales , etc.), if brought to fruition ,

seriously accelerate fleet insufficiency and drastically

reduce the available lead—time necessary for a new
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I
procurement of a i r c r a f t. S i m i l a r l y ,  a reduction in the

ACE program , SAPT , and/or OPT production levels could be

used to extend remaining  f l ee t  l i f e , providing short- term

increases in lead time .

A similar situation exists in the T—38 fleet. In

f a c t , if all “what if” programs were instituted, a serious

shortfall in T—38 aircraft would exist . However , this  is

a problem of u t i l i z i n g  ex i s t i ng  i-~~sources and is independent

of aircraft age .

Since the T—38 is a newer aircraft , its re ti rement date

is several years after that of the T—37. Nevertheless ,

change s in syllabi and production rates affect its retire-

ment date. Figure 23 depicts , parametrically, the rev ised

T— 38 fleet insufficiency date as a result of conversion to

a new OPT system in 1986. The chart assumes already pro-

grammed PFT flying hours through FY 81. The curved guide—

lines ref l e ct annua l  f l y ing hours from FY 82 through

FY 85. The vertical axis represen ts annual flying hours

from FY 86 on. For example , assume an FY 82 to FY 85 T—38

flying rate of 355 ,413 hours annually. From FY 86 on ,

under Option I (XT—l/T—38) , T—38 hours would be 340 ,997

hours annually. Enter the vertical axis at 340 ,997

(dashed li ne) ; proceed horizontally to 355 ,413 (between

350 ,000 and 400,000 hours guidelines) ; diop vertically to

i l l
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the revised T-38 fleet insufficiency date of 1995. In

this case , an additional year (1994 to 1995) has been

gained over current OPT i n s u f f i c i e n c y  dates since the

Option I syllabus reduces some T—38 phase hours with some

increase in XT—1 phase hours versus those being flown in

the T—37 phase.

NOTE : Figure 23 is based on a single change in annual

f l y ing hours occurr ing  in F’Y 86 and does not take into

account a more gradual reduction in T-38 flying hours as

experienced under the dual track options. In such cases

the revised f lee t  i n s u f f i c i e n c y  date would occur sli gh t ly

earlier than when read directly from Figure 23. For

example , if  T-38 hours were reduced from 350 ,000 to 198,000

over a three year period , the post phase-in insufficiency

date would have to he revised downward from 2005 to 2 0 0 4 .

Cost Sensitivity . The sensitivity of costs was

examined in relation to the followinc variables:

(1) Syllabus flying hours per student

(2) Total annual ATC flying hours

(3) Aircraft acquisition costs

(4) Aircraft per hour operating costs.

A baseline was established with the following :

(1) OPT annual production of 2100 U SAF p i lo t s

(2) Total ATC flying hours for each option from

Tables 23 through 26 (A ppendix H )
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(3) Aircraft acquisition costs as depicted in

Figure 18

(4) Aircraft operating costs as shown in Table 15.

Each candidate system was then assigned a baseline

dollar value by computing the flying hours required to pro-

duce one graduate (including student attrition and overhead

flying) and multiplying by the cost per flying hour . Added

to this was the  proportionate cost of new aircraft per

graduate , including aircraft attrition. The total pro-

curement leve l was determined by the total annual command

fly ing hour requirements.

Each major variable was then adjusted by + 5% incre-

ments from 0 to ÷ 25% and a new dollar value computed. For

example , for an iteration of ÷5%, aircraft acquisition costs

were increased by 5%. Also , sy llabus hours ~er student

were increased by 5% as was the operating cost per hour.

Total command flying hours were also increased by 5%. This

increased the aircraft procurement level and a buy was

made at that level. A new dollar value was then computed.

This process was repeated in 5% increments trom 0% (base-

line) to ± 25% . The results were then plotted as Figure 24.

Interesting ly the system curves in Figure 24 are not

parallel and there fore do not retain their relative rank

ordering over the interval under the treatment described
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above . Nute , however , tha t the dual track system with two

new ai r c r a f t  (Opt ion  I I I B )  does remain  the lowest curve

ove r the in t e r v a l .

The treatment above uses a c o n s t a n t  i nc rease  or decrease

in all the variables , whereas this may not actuall y occur .

For examp le , a 5% increase in acquis i t ion  cost may be of f -

set by a 3% reduction in hourly operating costs with

syllabus hours remaining unchanged. Consequently, some

additional charts are provided which allow further

parameterization by the interested reader .

Fi g u r e  25 allows e x a m i n a t i o n  of the effects of syllabus

hours , aircraft operating costs , and aircraft acquisition

costs on the unit value described in the preceding para-

graphs. The dashed example line is for illustration onl’~

and does not reflect any particular option . Enter the

chart in the uppe r left c~uadrant at svllahus hours per

student (90 hours/student in example) parallel the guide -

lines until reaching primary phase attrition (10%)

horizontall’: u n t i l  e n t e r i n g  bas i c  phase  a t t r i t i o n; then

parallel the ciuidelines (5% basic phase attrition)

hori z o n t a l l y , u n t i l  en te r ing  the overhead f l y i n g  ra te

(15%) to obtain flying hours per graduate (115 hours)

Proceed h o r i z o n t a l ly  u n t i l  e n t e r i ng  the uppe r r i e l t

q u a d r a n t  afld cont inue  u n t i l  r ea c h i n g  aircraft L’.perat m a

116

~IIjuiui~i~ 
. . . a P,giTT iTr-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~

~ .



~~* i * f l:’~~~~ _
~~~~~

_
.-~~~t~~~- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-4

-\ 
-~ 

-

H - ‘

- I 
-

- 

- 

-

\
\ 

c

_ 

‘

~

- 
\ \ \ \ \ - - ,— ,

- ~:- 

~L



- ._,.L..,.. -.-——- .. ~~~~~~~~~~~~
‘
~~

_ —  ,.—.,-.--
~~~~ — . ~~~~~ ~~~~~~~~~~~~ _ .~~_.._-,._ -~~ ___________ ~~~~~~~~~~

cost per hour  ( $230  per h o u r )  ; then v e r t i c al ly  to o b t a i n

aircraft operating cost per gr ad u a t e  ( $ 2 6 , 45 0)  . Returning

to the uppe r l e f t  q u a d r a n t , where f l y ing  hours  per

graduate were obtained (115 hour s)  , drop  v e r t i c a l l y  f r o m

the gu ide l ine  to e nt e r  the lowe r l e f t  q u a dr a n t  at h o u r s

per graduate (115 hours) ; continue vertically until inter-

secting the aircraft acquisition cost ($1 million ) ; proceed

hor i zon t a l l y  to obta in  the g r a d u a t e  p ropor t iona te  share of

a i r c r a f t  acqu i s i t i on  costs ($8 , 8 1 7) .  In the lower right.

q u a d r a n t  the per g r a d u a t e  a i r c r a f t  a cq u i s i t i o n  cost is

added to the per g r a d u a te  a i r c r a f t  ope ra t i ng  cost by

en t e r i ng  at the  o p e r a t i n g  cost ($26 ,450) and p a r a l l e l i n g

the guidelines until intersecting the a cq u i s i t i o n  cost

entry ($8,817) to obtain a total unit value  pe r  q r a d uat e

($35 , 2 6 7 ) .

As descr ibed in the example above , t h e  c h a r t  p rov ides

a u n i t  value per g r a d u a t e  f o r  the primary phase ot a two

phase system .  To use the char t  to compute  va lues f o r

either a single phase sys tem or the h as i c  ( second)  ph as t

of a two phase system use the d e s i r e d  ph ise at ~ r .i t i o n

immed ia t e ly  a f t e r  e n t e r i n g  the cha r t . Use a ~oro at t r i -

tion ra te  for  the second attrition value .

As with other cost data , t h i s  method al lows fo r  a

comparison of r e l a t i v e  chanqe between opt ions due to

various factors , and does not purport fo represent

absolute  cost changes.
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In summary ,  i t  can be seen that  a myriad of var iables

ex is t s  which could be examined as part of this effort .

Sens i t iv i ty  to a i rc r a f t  costs and f l yi n g  hours , considered

to be two of the more si gn i f i c a n t .  var iables , was examined.

Resu l t s  indicate  tha t  Option I I I B  would remain the lowest

cost a l t e rna t ive.
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IX. FINDINGS

1. The aging T—37 fleet will become insufficient to

sustain projected f l y i n g  t ra in ing  requ i remen t s  by 1988.

2. Potential 2uture programs will accelerate fleet

i n s u f f i c i e n c y.

- - 
‘ 3 - ~~Training requirements for OPT will be substantially

unchanged in the f u t u r e , wi th  the emphasis  remaining  on

the acquis i t ion  of basic  f l y ing  s k i l l s .

4. A specialized pilot training system is required to

effectively teach the 30 identified training requirements.

5.
~~~

Procurement of new a i r c r a f t  is required to replace the

T-37 and inaugurate specialized pilot training .

6. — T — 3 8  f l ee t  l i f e  can be extended ten years  by conversion

to a special ized OPT system.

7. —eAcquisition and life cycle costs favor a three air-

c ra f t  special ized UPT sys tem;  a pr imary airc~~a f t  rep lace-
(1 - 1  p

ment for  the T—37 , a new TT13~ trainer , and use of the T-38
- 

- • , f ~~~- - ~~~~~~~~~ ~~~ -

as a FAIR t r a i n e r .  / ‘ -

8. Regardless of which FUPT alternative is chosen , the

decision must be made in the near future to allow for the

lengthy acquisition cycle and processes.
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DEPA RTMENT OF THE AIR FORCE - , ‘

~~~~~ 
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-

OFFI CE Or THE C H IE F  OF STAFF

~~~~~~~~~~~~~~~~~~~ 
____

Lieutena n t General John W. Roberts
Conunand er , A i r  T ra in ing Command
Randol ph AFI3 TX 78148

Dear John

We have re viewed your stud y on generalized vs specia lized UPT
and concur in the recommendation to retain the general ized OPT
system.

While operat ing a Tanker Transport Bomber (TTB ) trainer in the
dual tra ck sys tem could pr o duce saving s , ot her considerat ions
weig h against adopti on of a spe cial ized training system and
acquisi t ion of a new a i rc ra f t  at this time . Whether the OPT con-
cept change s or not , the T-37s  will  beg in reaching their fati gue
life in the m i d - l 9 S O s , and by 1991 there may not be enoug h ai r-
craft to support OPT at the level we will need. The questio .~ at
thi s time is  w h e t h e r  to modif y the exist ing T -3 7  or procure an
entirel y new a i r c r a f t  for  pr imary jet  pilot t ra ining.  It may even
be advisabl e to exp lore the  othe r  option i den t i f i ed  in the Miss ion
Analysis  on Future OPT by rep laci ng bot h the T-37 and the T - 3 8
with a sing le a i rc ra f t  capa ble of handling the entire OPT mission.

Request ATC exp lore the various al ternatives and develop a plan
to rep lace or modif y t he T - 3 7  as it approaches the c i-i d of i t s
15 , 000 hour l i fe . As was done in the dual track stud y, every
avenue for a bet ter , more economicall y t r a i n ed  g r a d u a t e  should
be explored. The thoroug hness and excellence of your e fforts in
this vitall y important program ar c a ppreciated .

Sincerel y

t LLLIi~i V, ~~~~ C~i~cr~’I , US~ F
-t. co CId~f of £t ~~ f

.O%.UTIO4,

• r~ -

~~ 
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ØEPART MENT OF~ TH E AIR FORCE

*4(AD OUA RI(RS AIR T R A I N I N G  COMMAND ~:-~‘~I~’RANDOLPH AIR IORCL DASE . T E X A S  7e)4 e  j 
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General Will iam V. M cBride
Vice Chief of Staff
Headquarters USAF
Washington DC 20330

Dear General M cBride

My staff has been directed to study the three generalized
pilot training options addressed in your letter of 21 Jul 76.
As in the Dual-Track study , we will consider all pertinent
issues with great care. Primary emphasis will be p laced on
the following areas: Instrument Flight Simulator , energy
conservation , rising fuel costs , bud getary constraints ,
training efficiency, and graduate quality .

I have enclosed a list of milestones proposed by my staff
for your information. As we work the study , we will keep the
Air Staff advised as to the current status and progress of
the report.

We appreciate your personal interest and concern. I am
confident that our efforts cver the next several months will
result in a viable alternat ive to the problem of the ag ing T-37.

in erely

ROBERTS 1 Atch

~
‘eutenant General , USAF Milestones

~ominander

A—3 



APPENDIX B

PROGRAMME D IFS SYLLABI

The sy l lab i  provided in th i s  appendix are those

wh i ch we re used to project fleet insufficiency dates.

They represent sy llabi projected for use with the

Instrument Fli ght Simulator (IFS)

13— 1
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UPT—IFS Syllabus

Normal Solo
Sortie or

Category Duration Dual Team Total

1. T—37 Ph ase

a. Synthetic Trainer (T—4):

Procedures/EPs(IP) 0.8 5/4.0 5/4.0
Basic (ITI*) 0.8 7/5.6 7/5.6
I n s t r u m e n t s ( I T I * )  0 . 8  12/ 9 .6  13/ 11.2

1.6 1/1.6
Navigation(ITI*) 0.8 2/1.6 3/3.2

1.6 1/1.6 
_______

28/24.0

b. Instrument Flight Simulator (T—50):

P rocedures  0 . 8  2 / 1 . 6 ( T )  2/ 1 .6
Basic (IP) 0.8 7/5.6 10/10.4

1.6 3/4.8
Contact (IP) 0.8 1/0.8 1/0.8
Instruments (IP) 0.8 7/5.6 14/16.8

1.6 7/11.2
Navigation (IP) 0.8 1/0.8 4/5.6

1.6 1/1.6 2/3.2(T) 
_______

31/35.2

c. P~ircraft (T—37):

Basic 1.3 2/2.6 2/2.6
Contact 1.3 27/34.8 8/9.8 35/44.6
Instruments 1.3 1/1.3 1/1.3
Navigation 1.5 6/9.0 6/9.0
Formation 1.3 9/11.7 2/2.6 11/14.3

55/71.8

2. T—38 Phase

a. Synthetic Trainer (T—7/T—26):

Procedures/EPs(IP) 0.8 5/4.0 5/4.0
Basic (ITI*) 0.8 7/5.6 7/5.6
Instruments (ITI*) 0.8 11/8.8 16/16.8

1.6 5/8.0
Navi gation (ITI*) 0.8 2/1.6 3/3.2

1.6 1/1.6 
_______

3 1/ 2 9 . 6
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UPT—IFS Syllabus (Cont’d)

Solo
Sor t ie  or

Category Duration Dual Team Total

b. Instrument Flight Simulator (T—51):

P rocedures/EPs ( I P )  0 .8  2 / 1 .6 ( T )  2/ 1.6
Basic (IP) 0.8 7/5/6 10/10.4

1.6 3/4.8
Contact (lP) 0.8 1/0.8 1/0.8
Instrument (IP) 0.8 15/12.0(T) 20/20.0

1.6 5/8.0(T)
Navigation (IP) 0.8 1/0.8 1/0.8

1.6 1/16 2/3.2 3/4.8
37/38.4

c. Aircraft (T—38):

Basic 1.2 2/2.4 2/2.4
C o n t a c t  1.2 18/21.6 11/13.2 29/34.8
Instruments -—— ——— ——
Navigation 1.3 11/14.4 2. 2.6 13/17.0
Formation 1.3 23/29.9 11/14.1 34/44.0

78/98.2

* May be taug ht by enlisted ITI or rated IP

IP —— Instructor Pilot

ITI —— Instrument Trainer Instructor

(T) -- Team

B—3 
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______

SAPT IFS Syllabus (T—37 Only)

Normal
Sortie

Category Duration Dual Solo Total

a. Synthetic Trainer (T—4):

Procedures/EPs (IP) 0.8 2/1.6 2/1.6
Instruments /

Navigation (ITI) 1.3 28/36.4 28/36.4
30/38.0

b. Instrument Flight Simulator (T—50):

Procedures/EP5 (IP) 1.6 2/3.2 2/3.2
Contact (IP) 0.8 1/0.8 1/0.8
Instrument (IP) 0.8 11/8.8 26/32.8

1.6 15/24.0
Navi gation (IP) 1.6 1/1.6 1/1.6

30/38. 4

c. Aircraft (T—37):

Contact 1.3 53/68.2 11/13.6 64/81.8
Instrument 1.3 5/6.5 5/6.5
Navigation 1.5 11/16.3 1/1.4 12/17.7
Formation 1.3 22/28.6 2/2.6 24/31.2

105/137.2
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Other Programs

Normal
Sortie Solo/

Media  D u r a t i o n  Dual  Team Total

1. T—37 PIT

a. Trainer (T—4) 0.8 11/8.8 11/8.8
b. IFS (T—50) 0 . 8  4 / 3 . 2  4/ 3 .2  1 9/ 2 4 . 0

1.6 1/ 1.6 10/ 16.0
c. Aircraft (T—37) 1.4 30/41.0 6/8.4 36/49.4

2. T—38 PIT

a. Trainer (T—7/26) 0.8 10/8.0 10/8.0
b. IFS (T—51) 0.8 10/8.0 2/1.6 26/32.8

1.6 14/22.4
c. Aircraft (T—38) 1.2 19/22.8 8/9.6 45/55.8

1.3 14/18.2 4/5.2

3. IPIS

a. Trainer (T—40) 2.0 2/4.0 2/4.0
b. Trainer (T—7/26) 2.0 2/4.0 2/4.0
c. IFS (T—51) 1.3 13/17.2 13/17.2
d. Aircraft (T—38) 1.3 10/13.0 10/13.0

4. Fixed Wing Qualificatio !i

a. Trainer (T—4) 
- 

9/12.5 9/12.5
b. Aircraft (T—37) 1.3 33.5/43.2 1.5/1.8 35/45.0
c. Trainer (T—7/26) 20/27.5 20/27.5
d. Aircraft (T—38) 1.2 58/71.1 16/18.9 74/90.0

B-5
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/\1~P E N D I X  C

TRAINING REQUT REMENTS

This append ix  provides expanded d e f i n i t i o n s  of the

t r a i n i n g  r equ i remen t s  i de nt i f i e d  for  f u t u r e  Underg radua te

P i lo t  Tr~-iininq . O r i g i n a l  1y d e f i n e d  during the FUPT Mission

A n a l y s i s  , some chanqes have’ occurred s ince t h a t  s t u d y  . In

p~irt i cuLi r , clef in i t  ions  have been expanded to i n c l u d e  train-

i ng  peculiar to the T.~n k e r — T ran s~’or t— 13omber ( TT U )  leq of a

spe(’ i a 1 i ~~‘d lw’r sv stem , ~~~ I~ I~ d} prOpl T i a I e

:~

(_ ‘— 1
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TR AI N I N G  REQ U I R EMENTS

1. Ground Operations — Operations accomplished before

takeof f and after landing that are necessary for fli g h t  and

are accomplished prior to and following taxi operations , but

to which flying time is not allocated . They consist of such

e v e n t s  as p r e f l i g h t  p l a n n i n g , comple t ing  fo rms , i n s p e c t i n g

aircraf t , and verify ing flight readiness by actuating sub-

systems.

2. Pre—Takeoff Taxi — Consists of moving the aircraft under

i t s  own power f rom the  p a r k i n g  area to the t a k e o f f  r u n — u p

area  p r e p a r a t o r y  to t a k i n g  o f f .  I t  beg ins  w i t h  the appli-

ca t ion of power in the parking area and ends when the aircraf t

is lined up on the runway for takeoff.

3. Takeoff — Consists of the takeoff roll , ro ta t ion for

l i f t  o f f , and l i f t  o f f .  I t  b e g i n s  w i t h  the lineup check and

ends  when the  a i r c r af t  reaches  c l i m b  a i r speed  and includes

r e q u i r e d  c o r r e c t i o n s  for crosswind effect.

T a k e o f f  — ( TTB ):

Rolling Takeoff — A si ng le a i r c r a f t  t a k e o f f  w h i c h

beg ins on the taxiway with receipt of taxi clearance and

ends with a stabilized climb a ttitude; aircraft does not

stop on the runway for eng ine runup.

C— 2
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4. Formation Takeoff — Takeoff , where two or more aircraft

are taking off simultaneously from a single runway main taining

a predetermined position and pattern in relation to one

a n o t h e r .  As in the normal takeoff , the formation takeof f

begins with lineup check arid is completed when a i rcraf t

reaches climb airspeed . It includes takeoff ro l l , ro tat ion

for l i f t o f f , and lif t off.

Formation Takeoff  — (TTB) includes:

M inimum Interval Takeoff  — A takeoff  by a success ion

of a i rcraf t from a s ing le r unway w i t h  m i n i m um t i m e  s e p a r a t i o n

between them .

5. Climb /Level Off — Consists of climbing aircraft to a

g iven al titu de an d config u r i n g  i t  fo r  level  f l i g h t  a t  t h a t

al titude . It begins when the cl imb airspeed is reached and

ends when al t i t u d e , airspee d , h e a d i n g , and power set t ing s ar e

stablized at the selected altitude. It includes post—takeoff

actions such as con f igur ing the aircraf t for trimm ing fo r

s t r a i g h t — a n d — l e v e l  flight at the proper altitude .

6.  Descent/Approach  — Cons ists  of descend i ng t he  a i rc r a f t

from it s crui s ing or workin g alt i tude us ing ei ther con tac t

or instrument procedure s, to either a land ing or anot her

cruisin g altitude . It beg ins whe n the  p r e p a r a t ion fo r

descent is initiated and ends when the f l a r e  for land i ng is

i n i t i a t e d  or l eve l  o f f  is e f t e c te d  at  t he  new a l t i t u d e .  I t

C-3
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i nc ludes  predescent  c o n f i g u r a t i o n  and the t r a f f i c  p a t t e r n

itself , or an approach and final approach . This includes low

altitude instrument approaches. It also includes missed

approaches and time spent in closed traffic.

7. Landing — Transitioning the aircraft from airborne flig h t

to ground operations. It beg ins with the landing flare and

ends at the end of the landing roll. It includes the flare ,

touch down and roll out , and required corrections for cross

wind  e f f e c t s .

8. Post Landing Taxi — Consis ts  of moving the aircraft under

its own power and from one poin t to another on the airfield

after completion of landing roll out. In general , only

5 m i n u t e s  per sortie are allotted to taxi operations.

9. Basic Control — Maneuvers used for basic control of

alt itude , heading , airspeed , r a t e  of c l i m b/ d e s c e n t , and ra te

of t u r n .  They beg in  when  the f i r s t  d e v i a t i o n  in a l t i t u d e,

h e a d i n g , a i r speed , or r a t e  of c l i m b  or descent  is i n i t i a t e d

for the purpose of training in this mode of flight. They end

subsequent to the last deviation when the airspeed , al t i t u d e ,

are sta blized at desired cruise , clim b or descent values.

They cons is t  of normal  t u r n s , descen t s , c l i m b s , changes  in

h e a d i n g , a i r speed  or a l t i t u d e .  T h i s  includes contac t and

instrumen t maneuvers.

C-4 
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10. Precision Control — Maneuvers prac t i ced  to develop

precision coordination and rate changes in attitude , airspeed ,

heading and altitude. They begin when the area is visually

cleared prior to entry in the first maneuver or upon deviation

from a previous stabi l ized condition of flight and end when

airspeed , heading arid altitude are stablized at the selected

atti tude follow ing completion of the last maneuver. They

cons i s t  of such m a n e u v e r s  as the maxim um performance climbing

t u r n , “ L a z y  E i g h t , ” V e r t i c a l  “S” m a n e u v e r s , s teep tur ns , etc.

11. Departure Recognition and Recovery — Maneuvers practiced

by the stude nt for the purpose of recognizing the onset of

depa rture from normal flight reg imes , and the techniques and

corrections needed for recovery therefrom . They beg i n when

the  s tude nt i n i t i a t e s  a i r space  c l e a r a n c e  p rocedures pr ior to

i n i t i a t i o n  of the f i r s t man euve r an d end when  the  a i r s p e ed ,

altitude , and heading are stablized at the desired altitude

upon completion. They consist of power on/off stalls ,

l a n d i n g  c o n f i g u r a t i o n  s t a l l s , sp ins  ( i f  a p p l i c a b l e ) ,  s p i r a l s ,

etc. (This training requirement combines the previous

r e q u i r e m e n t s  of S t a l l  R e c o g n i t i o n  and Recovery  and S p i n  S t a l l

Recognition and Recovery.)

12. Aerobatics — M a n e u v e r s  i n  w h i c h  t h e  aircraft is maneuvered

through all of its axes at varying airspeeds for the purpose

ol i n s t i l l i n g  c o n f i d e n c e , and l ea r n i n g con t rol tech n i q ues

C —5
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for the aircraft in all airspeeds . They begin with the

initiation of airspace clearance procedures prior to entering

the first maneuver and are completed when the altitude ,

airspeed and head ing s are stablized at the desired attitude

f l o w i n g  the final maneuver. They consist of Barrel Rolls ,

Aileron Rolls , Loops , Split “Ss ,” Immelmanns , Cuban “8s,”

and Cloverleafs.

13. Unusual Attitude Recovery Maneuvers — Maneuvers which

are utilized to rega in attitude and airspeed control from

u n u s u a l  or vertical flight attitudes without stalling or

overstressing the aircraft. They beg in when the a i rc ra f t  is

placed in an unusual at t i tude by the instructor and are

completed when the s t uden t  has sta b lized the a i rc ra f t  in

straightand—level flight. They consist of instrumen t and

con tac t  h i g h  and low speed v e r t i c a l , and s p i r a l  maneuvers.

14. Pilotage/Dead Reckoning Navigation — Navigation withou t

rad io aids. It consists of pilotage in which the aircraft

is navigated from point to point by visual recognition of

landmarks along the way , and dead reckoning in which a

course and estima ted time of arrival are computed , w i t h

visual recognition of the des t ina ti on as the method of

verifica tion of arrival.
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15. High/Low A lti tude Navi ga tion (Manual) — Navigation

accompl i shed  by means  of m a n u a l  o p e r a t i o n  of the a i rcraf t in

w h i c h  p o s i t i o n  of the  a i r c r a f t  is d e t e r m i n e d  by g r o u n d — b a s e d

n a v i g a t i o n a l  a id s  and/or  a i r/ g r o u n d — b a s e d  r a d a r .  I n c l u d e s

bearing pointer only procedures.

16. Close Formation — Flight where two or more aircraft are

flown in close proxim ity to each other in a predetermined

pa ttern and fixed position under the common direction of a

sing le leader. In the case of UPT aircraft , sepa ra t ion wil l

be on t h e  order of 3 feet wingtip to wingtip. This training

includes join up and rendezvous techni ques , as w e l l  as

pos ition changes and interplane communications.

Close Formation — (TTB ) : To include “ce l l ” fo rma ti on

flyi ng.

17. Trail__Formation — A type ot tormation in which station

keeping at a distance to the rear of another aircraft is

maintained ttiroug h visual contact. T h i s  will include the

p o s i t i o n  used d u r i n g  t h e  infli ght refuelin g .

18. Communications — Operation of on—hoard communications

e q u i p m e n t  to a c c o m p l i s h  i n t r a — p l a n e , a i r  base , e n ro u t e , and

t a c t  ical  c o m m u n i c a t i o n s .

19. Eme~~~~n~ y Puoccdires Traini~~ 
— This training

requirement encompasses cont  i nqency t ra i n i n g  for various 

-rn -- ~~~~~~~-~~ -—~~~~~-— -~~- .--~~~~~---~~~- - - - - -



- -  ~~~~~~~~~~~~~~~~~ 

aircraft malfunctions . Procedures will be standardized as

near as possible to those employed in similar situations

in operational usage , except when specific training air-

craft procedures dictate otherwise.

20. Tactical Formation — A type of formation in which the

individual pilot wi thin the formation maintains a fluid

position on his element or fli ght lead which will permit him

to visually scan 180 degrees of sky surrounding the lead

aircraft , while maintaining separation such that he can

maneuver with the lead aircraf t as necessary.

21. Formation Landing — 
~ landing performed simultaneously

on a s i n g l e  r u n w a y  by two a i r c r a f t  w h i l e  m a i n t a i n i n g  a f i x e d

and predetermined position relative to each o t h e r .  I t  beg ins

at configuration for the landing and ends upon completion of

the rollout.

22. Low Level Visual Navigation — Visual navigation

accomplished at 1000 feet AGL or below . Consists of pilot—

age from point to point by visual recognition of landmarks ,

maintenance of enroute ETAs th rough airspeed adjustment and

meet ing a predetermined time—over-target.

23. Decision Making — The thinking processes that lead to

the selection of one al terna t ive from among a “known ” set of

response alternat ives. These processes include the identifi—

cation of the potential alternat ives prioritizing the alterna—

t ives , and the selection of the desired alternatives. The

C-B 
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select ion process may include computational and othe r logical

operations for combining information .

24. Basic Fig hter Maneuvers — Maneuvers used by a fighter

pilot to position himself for the “kill” of an ai rborne t a r get

when h is main reference is optical. This phase of the attack

begins with the firs t visual sigh t i n g  and p o s i t i o n i n g  a c t i o n

and ends at the completion of the target tracking phase. It

includes one—on—one combat as well as two—on—one and employs

a varie ty of information techniques in the two—on—one mode.

This training will include principles of energy maneuverability.

25. Air to Ground Fundamentals — The simulated delivery of

ungu ided air—to—ground weapons. It begins upon entry i n t o

the bomb ing/gunnery patt ern and ends upon recov ery from the

last pass. This training includes both high and low angle

deliveries. The primary purpose is to teach the geometry of

a i r — t o — g r o u n d  d e l i v e r y  m a n e u v e r s .

2 6 .  A i r  Drop F u n d a m e n t a l s  — Consists of ali gning the aircraft

w ith a pre—designated track from an IP to a designated target

area and flying it along the track taking into account wind

effect. The simulated d rop is effected by the crew member

a c t i n g  as drop master or bombardier. Drops may be made

visually or electronically. This training requirement satis—

ties the basic elements of navi gation and crew coordination

_ _ _  _ _  _ _ _  _ _  __________
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which are common between cargo and personnel drops and radar

level bombing .

27. Radar Navigation — The theory arid use of on—board

airborne radar for weather avoidance and ground map navi-

gation .

28. Crew Coordination — I n t e r a c t i o n  between crew members

within the aircraft to accomplish required tasks.

29. Collision Avoidance — The theory and practice of avoiding

mid—air collision through visual search technique s understand-

ing of Air Traffic Control procedures and recognition of

t r a f f i c  conges t ion  points in local traffic.

30. Airborne Rendezvous — Consists of establishing visual

contac t  between two or more aircraft (or elements) at a pre-

determined time and location . It beg ins  wi th sepa ra te  t a k e o f f s

(not formation), a l t e r n a t e  ro u tes (o r  m i s s i o n s )  to the

rendezvous poin t and ends with visual contact and positioning

of the two aircraft (elements).

C- lO
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APPENDIX D

MISSION PROFILES

The mission profiles depicted in this appendix were used

to size conceptual aircraft designs. They serve as a useful

point of departure for future mission profile development.

A complete set of profiles for the XT—3 was not developed

since , as a result of development of XT—l and XT—2 concepts ,

the IFR navigation - mission was determined as the sizing

miss ion .
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3B - c n e U V’s I’ I~e U C L ’ iICt  ion — Sainp Ic Bas ic  Mission

I - ~‘ I c t ’ t , T a x i  — Fr’eviously i ’xpla ined/self—expLiccatory .

2 - Takeoff — 1’i’ev iou:- - ] y expl ained/self—explanatoi’v .

3. Climb /Level—of f — Consists of climbing the ai c -ci-if t at
its best rate of climb to a d esi r ed  C i d  t itude , l ev~’l i ng  t h e
aircraft -it that a lti tude , and accelet-ot ing to ,c desi red
cruise airspeed , Power must he set I rom mi I o L ’ r u l  so pwi-

H - Area__Ent~~~ — Consists 01 I ly ing the a i c-c ~~ c ft  I c ’oin ~ ho
point of l eVel  off to the l o ca l ly  des  i gni ted p o i n t  w h e r e  a rc
ass ign e~l a r ea can he en t e r ed

5. Area Work — Begins with a change of power to t ’nt or t he
assigned area , and ends w i t h  -ì c h a n g e  o t  power - t C ( ‘ X l  t t h e
ass igned are i . Includes per for n i ac i ce  of l’equ .i red cu ca c c e m l \ ’ c  l’s
and t ime to analyze , set  up , and or i I i que  t hose  nlancuvel’ :: -

Approximately 200 square ciii ~ e of a i r  spaC  ~- are re~iu i red I oi’
each aro~i . Areas  a re  u s u a l l y  s I t ’ ~c t i t  j e L l  -i c ct:u l i i t ~li (15~~2 2 ,Oi 10 ’
and low ~7—l 3 ,000’ ) blocks t op  m a x i m u m  util I ‘at i t -n of a i I ’ : ;paL ’ C - -

6. Ar e t E x i t  — Consi :- ;~ s oI~ •i (I C S C C ’fl t I o a 1oC~I1l\’ d es i t ’, i c a I c l
a I t i tu d c -  , and comp I i i  nc -c w i t  h a 1 oc~-i]  1 v des  c c ’c ia  I oJ 1’ , - t ii Pc i
rou to . A climb may be 1 1 0 C C  sSa i-v f i - o c i m a 1 ow a i’ C ’.i , hit t ccoi ’mal
i c - c a  exit entails an  i d l e  to i ’educed p ’wcc ’  l e t J ~ - n ’ :c -

7 - Re t u r n  to  Ba s e  — Cons ; 1 5 ot  cocii~
-C 1 i a c ; -c  w i t  ii I o - ,i 1.1 v

designated i - e t i i r r i  i ’o u t  es to c i ’ i ’ k ’ e a t  i j~o i u t  w l i e r - -  t lie l c a:c o
I c o l d  I i d  f iC’ p 1 1  t e r n  c :; cut Ci’ C ’Ll -

‘[‘r c t t i c  Pat  t e r n  — I i’cv io u  :: I v - x [ c ia i 1)0 1 / : ;t ’ i t — ox ’ l a n i  I ’  c v

9. Taxi , F~n~~ine  S h u t d o w n  — l’ h ’ t ’\’ i o i c : ; lv  e xp l a  i t i e d  : : cl t  —

exp  l~llia l oi-v -

10.  Reserve  — Pi’evic’usly ox p i a  I iied /st ’ i t —t ’xpl ici ~i t ol’\ ’ -

I)- 10 
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48. Maneuver Description — Instrument Mission

1. Start/Taxi - previously expla ined/ se l f -explanatory.

2. Takeoff - previously explained/self-explanatory .

3. Climb/Level-off - previously explained/self-explanatory .

4. Area Entry - previously explained/self-explanatory .

5. Area Work - Consists of the following maneuvers , performed
in any sequence : Confidence maneuvers (wingover , aileron
roll), unusual attitudes (climb and dive recoveries , upright
and inverted) , point—to—point , course interception and course
maintaining, arc interception and maintaining arc. Area size
should be 200 sq miles.

6. Area Exit - Option 1: Exit assigned low area and climb
to locally designated ~Iltitude . Proceed at best cruise to
VOR Initial Approach Fix (IAF) .

Option 2: Exit assigned high area at VOR
IAF altitude and cruise to VOR IAF .

7. Holding - Student pilots are normally required to perform
this maneuver on every ride requiring a VOR penetration and
approach . Time permitting, students may be required to fly
more than one holding pattern, adjusting speed to meet a
known expected approach clearance time (EAC). If a crew is
es tablished in holding, subsequent crews will be assigned -‘
higher holding alt itudes (1,0001 increments). Two possible
holding options that will not be discussed are : holding in
as signed area , and holding over a VOR other than the home
field VOR.

8. VOR Penetration and Approach - generally starts with a
reduced p~

’wer descent from the IA F, usually wi th extended
speed bakes. Generally requires that the aircraft fly out—
bound from the VOR for at least half of the desired altitude
to be lose , then turning inbound to the VOR while descending
to the required altitude . Aircraft must be partially con-
figured for landing (normally gear and landing lights) prior
to descending to minimum approach altitude . The flaps and
speed brake are not normally lowered due to the approach
being concluded with a missed approach rather than a land-
ing. The option of flying a VOR penetration and approach
at other than the home field will not be discussed.
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9. Missed Approach/Climb - maneuver which is designed to
get an aircraft to a safe altitude and area to start a second
weather approach for landing or-a divert to an alternate air-
field. In UPT, this maneuver is flown on most instrument
missions to improve student proficiency . Consists of a mil
power climb , retracting landing gear and lights , reduced
power climb (once desired climb airspeed has been reached),
and a level—off at an airspeed that facilitates beginning
the next approach (or cruise , in the case of a d iver t) .

10. Cruise to Home Field - used if VOR penetration and
approach is flown at other than the home field. Normally
use best cruise.

11. GCA Pattern — consists of either a rectangular or
straight-in series of vectors , directed by approach control
personnel, using surveillance radar. Purpose of the approach
is to get the aircraft sequenced with other landing traffic
and turned on to a precision final approach approx 10 miles
prior to touchdown . Generally , one or two descents are
required and initial landing configuration is attained prior
to final approach (landing gear and flaps). Power is used
as necessary to hold landing configuration airspeed.

12. PAR or ILS Approach arid Landing — consists of getting
the aircraft on the ground from an approximate 10 mile final
by ei ther precision app roach radar (PAR - flown by the pi lot ,
directed by a ground based final controller) or by Instrument
Landing System (ILS - flown by the pilot , directed by
instrume n tation). A t mos t UPT bases , these approaches are
f lown to a f u l l  stop land ing.  F ina l  c o n f i g u r a t i o n  for  land-
ing (landing lights and speed brakes) is usually made on
final or when final descent for landing begins. Continual ,
small power changes are required to maintain final approach
airspeed and rate of descent.

13. Taxi/Engine Shutdown - previously explained/self—
explanatory.

14. Reserve - previously explained/self-explanatory .
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SB. ~1Lne Uv er D e s c r i p t i o n  - Low Level \‘FR N a v i g a t i o n

1. S ta r t ,  T a x i  - p r e v i ou s ly  e x p l a i n e d/ s e l f  exp l a n a t o r y .

2. Takeo f f  - p r e v i o u s ly  e x p l a i n e d/ s e l f  e x p l a n a t o r y .

3 . I)ep a r t u r e / ( l im b  - climb f r o m  a t t a i n m e n t  of  c l i m b  a i r s p e e d
t o  a predetermined altitude o v e r  a p r e d e t e r m in e d  ~ r o un d  t r a c k .

4 ,  L e v e l - o f f  - requires an acceleration to a predetermined
i n d ic a t e d  ai~~speed based  upon a desi red g r o u n d  s p e e d .

5 . Nav i s~at e  ( V F R )  - s t u d e n t  is  r e q u i r e d  to f ly  a p r e p l a n n e d
r o u t e  u s i n g  v i s u a l  r e f e r e n c e s  and an area map. Normally ,
a i r c r a f t  will not deviate from p lanned ground track. Powe r
c h a n ge s  o n ly  required to adjust ground speed to make planned
t i m e s  o ver  s e v e r a l  c h e c k  p o i n t s .

b . Destinat ion Arrival - includes a descent to traffic
patteri~ al titude , de term ining correct runway for landing ,
a n d  n l a n e u v e r i n ~ the a l  i -c r a f t  t o  an initial . C h a n g e s  in
a i r s[ e ed  from c r u i s e  to d e s c e n t , to t r a f f i c  p a t t e r n  speed
are requl red w i t h  corresponding power changes.

Traffic Pa tterns - no change from previous VFR traffic
pat terns w i t h  the except ion of 1500’ pat tern altitude i’s the
1000’  pat tern at the home base.

8. Taxi , Fng ine Shu tdown - p r e v i o u s  lv  explained/self
e xp  l an a t o r v .

9.  F u e l  R e s e r v e  - r e q u i r e d  b y A FR 60-lb should weather/
emergency preven t or delay landing at dest m a t  i o n  base.
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6B. Maneuver Description - IFR Navigation

1. Start , Taxi - previously explained/self exp lanatory .

C 
2. Takeoff - previously explained/self explanatory .

3. Climb (option 1) - mil power climb by either standard
instrument departure (SID) or radar monitored departure to
f i r s t  f i x  on a preplanned and air traffic controlled , approved
TFR route. Altitude of 25 ,000 estimated to be the maximum
needed in a T-37 replacement aircraft (unpressurized maximum
alt i tude , reference AFP. 60-16). The option includes a level-
off and ac_ ’eleration to a-p lanned cruise airspeed.

Climb (option 2) - same as above , except that an inter-
med iate level off may be required by ei ther a STD or by Air
Traffic Control prior to reaching cruise altitud ’.

4. Navi gate (IFR) - student is required to fly a pre-planned
IFR route. Devia tions from planned route , altitude , or air-
speed are not allowed excep t in the case of an emergency/
ma l function or an Air Traffic Control reques t.

5. D e s c e n t  ( o p t i o n  1) - includes a descent to either hold-
ing altitude or initial approach fix al titude prior to
starting a penetration to an altitude and position from
w h i c h  an i n s t r u m e n t  app roach  may be flown to the destina-
tion base.

Descent (op t ion , )  
- i n c l u d es  an en r o u t e  d e sc e n t  to  an

altitude and po si t i~~iT from which an ins trument approach may
be flown to the des tinat ion base. Primary purpose of the
en route descent is to  save  t i m e  and to c o n s e r v e  f u e l,

6. IFR Traffic Patterns - norma lly , two approaches - one
non-precision (Vfl~, VORT A C , ASP,) and one precis ion (PAR ,
I L S )  - a re  f l o w n  p r i o r  to landing. The first approach is
flown to minimum s at ~‘.1iich point a mil power missed approach
( c l i m b )  is started and the aircraft positioned by approach
con t rol or navi ga tional aids for a second approach. The
a i r c r a f t  n o r m a l l y  1ands  out  of t h e  s e c o n d  a p p r o a c h .

. Taxi, Shutdown - p r e v i o u s l y  e x p l a i n e d / s e l f  exp l a n a t o r y .

8. R e s e r v e  - previ ousiv explained/self explana tory .

- 
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7B. Maneuver Description - Formation Mission

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

2. Takeoff - requires slightly more time than single—ship
takeoff due to lead aircraft using slightly less than mu
power. This reduced powe r allows the wingman a catchup
capability in the event he falls behind .

3. Climb - requires slightly more time than single-ship
climb due to lead a i r c r a f t  using slightly less than mu
power. Wingman uses power as required to remain in position .

4. Cruise to Area - Lead uses normal cruise power s e t t ing ,
wingman uses power as required to stay in fingertip ( 3’ wing-
tip clearance) position . Crossunders and route position
normally occur during this portion of the flight. Cross-
unders requi re the wingman to change power slightly more than
that  required to stay in f inger t ip. Route posi t ion, used
for performing checks is a widened formation . Wingman must
vary power slightly to move out to and in from route position .

5. - Area Work - Fingert ip maneuvers require that the leader
take the format ion through a wide range of airspeeds , p itch ,
and bank to allow the wingman to build up proficiency in
maintaining proper position . Power changes by a wingman with
a low level of proficiency could conceivably range from idle
to mil , whi le those of a highly proficient wingman migh t not
vary from lead ’ s set power by more than + 5%. Rejoins are
use d to p rac tt ce  re fo rming  a formation once it has separated.
Generally requires that lead and wing separate by delaying
pi tchouts  ( 600 bank , 180° turn). Lead then either maintains
s t ra ight and level at a pre-briefed airspeed , or a level,
shallow-banked turn at a pre-briefed airspeed (pre—hrie~ ed
airspeed generally close to norma l cruise ) - The w ingman
must  r e j o i n  to a f i n g e r t ip position by vary ing bank , powe r ,
and pi tch as necessa ry .  Tra i l  format ion  requires that  a
wingman “ f ollow the leader ” f rom a position that is sim ilar
to the refueling position used by fighter aircraft (nose-
tail) . Once the leader asce rtain s that hi s wingman is in
position, he takes the fo rmat ion through a series of var ied
pi tch  and bank maneuvers to build up the wingman ’s proficiency .
The win gman must  use p i tch , bank , and powe r as necessary to
Stay  in po s i t ion.
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6. Position Chan~ e 
- requires that the formation spread

apart and a position change be directed by the leader. When
the wingman is ready to assume lead duties , he informs the
leader , who slides back to a wing position . The formation
is directed to close position and continues with area
maneuvers under the direction of the new leader. Power
changes are very minimal. The change is normally made from
a s t ra ight—and— level position .

7. Area Work - previously exp la ined/ se l f—explana tory.

8. Area Exit/Descent  — consists of a reduced power descent.
Speed brakes may be used to increase rate of descent. Cross-
unde r exer’ ises are normal ly  accomplished , and route position
is used for required checks. Although not discussed in this
prof i l e , a formation may proceed to a local VOR for  fo rmat ion
instrument approach practice .

9. Pattern Entry — the wingman must be positioned on the
side of lead opposite the direction of the t r a f f i c  pat tern .
Low altitude turns are usually echelon turns (wingman remains
level with lead , matches his bank and uses power to main tain
position .

10. Tr a f f i c  P a t te rn  and  L a n d i ng  — the fo rmat ion  separates
at the pitch point ,Thy wing delaying the pi tchout af ter the
leader. Each aircraft flies its own pattern and landing,
except tha t  lead f l i e s  a sli ghtly tiqhter pattern than
no rmal and the wingman may loosen hi s pa t te rn slightly to
gain proper spacing.

11. Taxi/Eng ine Shutdown - both a i r c r a f t  taxi  as a format ion .

12’. Reserve — previously explained/self—explanatory .
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13. Maneuver Description — Traffic Pattern Contact Mission

1. Start/Taxi — consists of starting engines , completing
before takeoff , ground checks , request and receipt of
clearance , and taxi to the active runway .

2. Takeoff - consists of positioning the aircraft on the run-
way , performing engine run-up checks , takeoff roll , lift-off ,
configuring aircraft for climb , and climbing to an altitude
and airspeed where climb can begin .

3. Level-off — consists of leveling the aircraft at a
desired altitude and accelerating to a desired airspeed.
Power must be set for desired cruise airspeed.

4. VFR Traffic Patterns and Landings - typical pat tern
mission consist~ of a variety of normal, single-eng ine and
no—flap overhead patterns flown to a touch—and-go landing.
Most missions of this type are pre—solo student sorties;
hence , go—arounds (instructor or student initiated) or low
approaches (runway supe rviso ry unit directed ) are often
required. Normally , a maximum of two straight—in approaches
will be accomplished. Since the most critical areas for
s tudent  t ra i n i n g  are the f i nal tu rn , final approach , and
landings , closed t r a f f i c  pat terns are use d to allow a greater
number of repetitions of the c r i t i ca l  areas . The mission
concludes with a full—stop landing.

5. Breakout and Pattern 1~e-enLry 
- o c c a s i o n a l l y, due to

t r a f f i c  c o n f l i c t , b reakou t  of ~he p a t t e r n  is  r e q u i r e d .  A
mu power climb to a locally desiqrtated altitude is made .
The a i r c r a f t  then proceeds to a loca l ly  de s i g n a t e d  e n t r y
point  where an idle powe r descent  is made and the p a t t e r n
re—entered.

6. T a x i/ E n g ine Shutdown — beg ins  when the  a ir c r a f t  c lears
the runway and ends when the enqines are shut do~~n .  R e q u i r e s
complet ion of a f t e r  l a n d i n q  check , taxi  to the  p a r k i nc i  area , —

and completion of engine shutdown check .

7. Reserve - amoun t of fuel remaining tor safety reasons ,
should any emergency/malfunction or other factor prevent
l and in g at the home f ie ld when desired.
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2B. 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 air-
craft 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~ Eo an auxiliary airfield .
5. Descent/Pattern Entry - previously explained/self-explanatory .

6. Traffic Pattern Work — 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 is normally reserved for 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. An optional
climb to a very high area is shown , in the event that: (a) air-
craft performance permits , and (b) use of very high areas neces-
sary due to airspace congestion .
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 power change 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 200 square miles of airspace are required for each
area. Areas would probably be stratified into high (20—28,000’)
and low (10-18 ,000’) blocks for maximum utilization of airspace .
A very high block of airspace , if needed , would range from
30—35 ,000’ .

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 requires an idle to reduced power letdown .
11. Pattern Entry - previously explained/self-exp lanatory .
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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4H . ~~C : I i :; v~’r D e sc r i pt i o n  — I n s t r u m e n t  M i s s i o n

I .  et i r t  T a x i  — prevLoualy e x p l a i n e d/ s e l f — e x p l a n a t o r y .

T a k e o f f  — p r e v i o u s l y  e x p l a i n e d/ s e l f — e x p l ana to ry .

3. C l i mb / L e v e l - o f f  - p r e v i o u s l y  exp l a i n e d/ s e l f - e x pl a n a t o r y .

4 .  Area E n t r y  - p r e v i o u s l y  e x p l a i n e d/ s e l f — e x p l a n a t o r y.

5. Area  w o rk  - cons i s t s  of the f o l l o w i n g  maneuvers , performed
in any celuence : c o n f i d e n c e  maneuvers  (wingover , a i l e ron  r o l l)
u n u s u a l  a t t i t u de s  ( c l i m b  and d ive  recover ies , upri gh t  and
i n v e r te d )  , p o i n t — t o — p o i n t , course i n t e r c e p t i o n  and course main—
tainin~r , i n c  i n t e r c ep t i on  and m a i n t ai n i n g  a rc .  Area  s i z e
shou ld  be 2 0 0  s~rnaro miles.

6 .  A r e a  E x i t/ C r u i s e  to TACAN or \ ‘OR IAF — e x i t  a s s igned  hi gh ,/
low ar ea  and descent :  ‘ c {fliiF ~~~~ o c a f l v  des i g n a t e d  a l t i t u d e.
~ ‘ ecce~i at  normal crui so to ‘I’ACAN or VOR I n i t i a l  Approach

i x  I A F )

7 . H o l d i ng  — student p ilots are normally required to perform
t h i s  :::dncu\ - t -’ r on e v e -t v  r i  dc r c qu i  r ag a TA CAN/ VOR p e n e t r a t i o n
and ap: ’roach . TA CAN h o ld in o  p at t er n s  may or may not  he located
ove r the  ‘i’ACAN s t a t i o n . \ ‘OR h o l din g  p a t t e r ns  are n o r m a l l y
located  ove r the  \TOR. Time p e r m i t t i n g ,  s t ude n t s  may be r egu i r e d
to f l y  more than one h o l d i ng  p at t e r n , a d j u s t i n q  speed to meet
a known e x p e c te d  app roach  c lea rance  t ime . I f  a crew is e s t . ab—
l is h e l in h o l d i n g ,  subsequent cn e w s  w i l l  be a s s ign e d  h i q h e r
h o l d i n g  a l t it u d e s  ( 1 0 0 0 ’  incre ; ’;en ts )  - Two poss ib le  h o l d i n g
O t ’ L L O I I : ;  that w i l l  no t  he d i s c u s s e d  are : h o l d i n q  in as s iqned
a rea , and h o l d  i n g  ove r a TACAN ~VOR o ther  than  the home f i e l d
TACAN V~~R.

8. T.-\L ’AN or VOR I’e net r at ion  and Approach — ge n e r a l l y  s t a r t s
w i t h  a reduced power descen t  f rom the  IAF , u s u a l l y  w i t h
e x t e n de d spt ’edbrakes  and 2 5 0  N l A ~~. Ge n e r a l ly  r equ i r e s  t h a t
the ai  r c i a f t  f lv o u t b o u n d  f r o m  the lA l - ’ f o r  a t  l e a s t  half of
t h e  des i r e d  a l t i t u d e  to 1”.’ lost , then  t u r n  inbound  to the
‘1’AC -’C~ \‘OR w h i l e  d e s cen d i n g  to the  r eq u i r e d  a l t i t u d e. tthen
I A F  is not  col located  w i t h  a ‘[‘ACAN s t a t i o n , the p e n e t r a t i o n
ray be a s t r a ig h t  descent to the f i n a l  approach f i x .  A t h i r d
o p t i o n  would  r e q u i r e  i n t e r ce pt  inc  and m a in t a i n i ng  an arc u n t i l
r e a c h i ng  t h e  f i n a l  approach cou r se . A i r c r a f t  mus t  be p a r t i a l ly
con f i r u t - e d  f o r - l a n d i n g  ( n or m a l l y  C l e a r  and l a n d i ng  l~~q h t s )
p r i o r  to  d esc e n d i ng  to  m i n i m u m  approach  a l t i t u d e . The f l a p s
and sp4 ’e d hr , s k e  are not  n o r m a l l y lowered due to the approach
1)0 1 u s  concluded with a missed  approach  r a t h e r  than  a landing
The o: ’t ion of E l  y i n 0  a T- ~CAN VOI’i p e n e t r a t i o n  and approach at
o t her  t h a n  the home f i e l d  w i l l  not - he discussed.
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C - i 1 ’h C l i  nh — maneuve r wh ich  i s  des iqned  to
g e t  an a I C  I d  t t o  a s af e  a l t i tu d e  and are a to s t a r t  a second
d ; ’ ro lc~: or  l . i i i t i  nq or a d i v e r t  to an a l t e r n a t e  a i r f i e l d .  In
t’I”I’ , t h i s  c . tn euv e r is  f l o w n  on most  i n s t r u m e n t  m i s s i o n s  to
i m p r ov e  s t u d e n t  p r o f i c i e n t -y .  C o n s i s t s  of a m i l  power c l imb ,
ret  r i o t  ing l a n d i ng  gear and l i g h t s , reduced powe r c l i m b
(orsc It ’~~j ned ci i liul) di rspeed has been reached) , and a level—
off .it an ,iirsr eecl that f a c i l i t a t e s  b e g i n ni n g  the n e x t
.i p p r ’ ich  (or  c r u i s e , in  t h e  cast’ of a d i v e r t ) .

10 . r u i s e  to h ome Pie ld — used i f  ‘I’ACAN or VOR pene t r a —
t ion  s c h  o ’r r e i c h  ar e  I i on -ru a t  o t h er . than the home f i e l d .
N o r m a l  iv , use be s t cruise.

11. OCA ‘at  tern  — c o n s i s t s  of e i t h e r  a r e c t a ngu l a r  or
st raight—in series of vectors , d i r e c t e d  by approach  c o n t r o l
p e r son  sue 1 , us i i  q s u r ’ ’ e  i 1 l iii cc radar. Purpose of the approach
is  to go t  t h e  .11 ro r i  f t  soq t s e s s& ’& ’ h  wi tis o t h e r  l an d i n g  t r a f f i c
and t u r ne d  on to a r ’r e c i  siori final approach appioxim atelv 10
m i l e s  p r i o r  to touchdown , de nt ’ r i  11 , on e or tw o  d e s c e n t s
are  r e q u i  c~’ i  asi a i i i i t i o l  I s n d i n q  con f i gu r a t i o n  i s  a t t a i ned
p r i o r  t o  f i n a l  app ro ach  ( l a n d i n g  qear , f l a p s  , and landing
l i g h t s )  . Powe r i s  used is n e c e s s a ry  t o  hol d l an d in q  con f i gura-
t i o n  a i r s p eed .

12 - PAR or  I T.S ~pp i each and h i n I i nq — cons i st s of get t i nq
the a TTT -r , i f t  on t h e  ~r rountf 7~~o:c in approx i nra t ~‘ 10 m i le  I m a  I
by e i t h e r  p r e c i s i o n  , s r ’r ’ s o a c h  r -a~~u r  ( P A R  — t lowsi  hi- t he  p i lo t ,
directed by a :r ’ : u :~ s ’ a c ’ i  inal controller) or by I n s t r u m e n t
T , d I i ( )j f l S  S i ’s  torn (I — fI ,m-c hv the I’u lot , directed hy
ins t r ome n t a t s er r  . ‘ t In,i: ; t UPT b dss ’ 5 , t i e  se app rea cc ~‘ ir e
f l o w n  to s f lil  1 st  or ’  1 iru d i ~i C 5  . Final con t i qurat ion for
landing ( speedb  r akes  : i i ì l l y  made wh e n  I i  n i l  rt ’scen t
fo i- lan di n i  1 ~e ~s n s . L ’ ‘r u t i  nu a  I , s cal 1 pe’.~e r chan Cr e  s ar e
r e q u i  red to  m a i n t a i n  f i na i ar ’s ’  roach  a i rr -l r ’ee i an~ sate of

S COf l  t -

13. T ax i ’~- I n q i n e S h s u t _Crow n  — p r e v i o u s  lv explained — s ’  1 1~—
e x p la n .i  t o r ’ .

14 . R e s er v e  — p r ev i  005 ly exo l u  r u ed  cc 1 f — e x p l a n a  t orv
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S R .  [1ariouve r_ D es cr i p t i o n  - Lo- - --Level VFR N a v i ga t i o n  Mis s ion

1. ~~‘a i - t ,/Ta x i  - previousl y explained/self—exp lanatory .

2 . ~ a k e o t f  - p r ev i o u s l y exp l a i n e d/ s e l f - e x p l a n a t o r y.

3. Cli::h - - 1 e v el—off — climb from attainment of climb air—
Sr - c - i  t o a 1- red ~ terr n ined a l t i tude and ground track . Requires
a c c e l e ra t i o n  a f t e r l e v e l — o f f  to c ru ise  a i r s p e e d .

4 .  ‘;.~~‘ i : a t ~ \ ‘FR — s t u d e n t  i s  r equ i red  to fli’ a preplanned
r o r r t ~~~uoTK~r v T~~~al r e f e r ences  and an area map . N o r m a l l y ,
aircr a ft w i l l , not deviate from planned qroun d track . Power
cl u i n c C ’s cn1y r e q u i r e d  to a d j u s t  g round  speed to make p lanned
time s over :Cver a l  check p o i n t s .

5.  D e st in a t ~~on - A r r i v a l  — includes a climb to traffic
pat t~T~~ aini tu do , dete r m i n i n g  cor rec t  runway  for  l a n d i n g ,
and rc sn~’u i - c r i nq  the a i r c r a f t  to an i n i t i a l .  Changes  in a i r —
~~ ot ’d  f r o m  c r ui s e , to climb , to tr a f f i c  p a t t e rn speed are
requ i  red and :n uy r e q u i r e  c o r r e s p o n d i n g  powe r changes .

6. ‘!‘ caff ic P0t~~ L’ m s  — prev ious ly  exp l a i n e d/ s e l f — e x p l a n a t o r y.
~~C ’r2 ’a l  lv , r ae  t r cc emergency traffic p a t t e r n s  ( s i n g l e — e n g ine
and c o — f l a p )  w i l l  not be flown .

“ . Tax i ’En-risre Siiutdown - previously explained/self—explanatory .

8. i~esc r ye  — r-re ’.’i ouslv exp lained ~self—explanatorv . 
C
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613 . Maneuve r Descr i pt i o n  — IFR Navigation Mission

1. Start/Taxi — previou sly explained/self—explanatory.

2 .  Takeoff — previous l y exp l1uined/sel f—explanatory .

3. C l i m b  (O p t i o n  1) — mu power c l imb by e i t h e r  s t a n d a r d
instrument departur e ( s i n )  or r a d a r  mon.! tored d e p a r t u r e  to
fi 1 st fix on a p repla nned and a ir t r a f f i c  cont ro l  approved
I PR route . Altitude of 10 1 000 chosen because of under—
s t C l l l d i l I q  that 30 ,000’ is the most e f f i c i e n t  a l t i t u d e  fo r
hi qh—b ypass t u r b o f a n  eng i n e S .  This option in cludes a level—
of  f and .11 ’C-’c leration to p l a n n e d  c r u i s e  ai r speec (a pp r o x
- 75 mac li , 4 4 0  KTA S standard day , no w i n d )  -

Climb j~ ption 2) — same as above , except that inter—
med i ate altitudes may be ass i qned/r cq ’Ill red by ci the r a S r n/
depart ure cen t ro 1 1cr atil ~o r by f_ h e low alt i tude sec’ tc)r
con t ro l ler  pr  i or  t o r each  ing cruise a 1 t i t ude i n t h e  h i  gli
sector.

4 . Nay i~~at.e ( I PR) — student is r e q ui  red to fl y a p re—
p 1 a nne  1 r o u t  e . D c vi  at: i ons f rom p la n n e d  route  , al t i t side
or a i rs ‘eed a me not-  a 1 1 oweil  excep t  i n thi t ’  case of an
else rgenc’,’ / m.i 1 f ur i c  t j on  or an A i i ’ ‘I’ ra If i c (‘on t me l r e q u e s t

5. Descent- (Option 1) — includes an en rout_c d e s c e n t  to
e i t h e  t ho 1 d i n g  p a t t e  r-n a I t  I t ude or I Al” a it i t ulie I r i or to
r ;t a rt in~n .i pellet ration [ 0  .1 final approach fix  posit ion
and a 1 t i t t ide t t ots wh i cli an ~i I_is t mume n L app roach  may  be 1 1 oWl)
t o t he C IL ’ St  i 11.1 t i on has e . i t h e  r a ‘I’ACAN or \‘OR approach  may
he u s t ’ t i .

Dei- ce n t  (~~j~ ,_ i o n .’l — includes an en route ,Iescent to an
.1 i t I t ude m d  pos t t 1 011 I r e m  w l i i  L’I) an i n s t  i l im ent  . Il ’pro ~m c!1 may
he I I owl i  t C ’ the  ~Ie st  1mm t 1 OIl  I~.i~~t ’ . I’ t ’ i l r i . i  ry purpose ci’ t i e
C’ll 101.1 t I C le scOt - i t  -i to  say ’.’ t i nie an ti to coflst’ i vc’ f ut’ 1. TI_ ic
.m i ’p r o . i ch  f l o w n  could  be al l ’s ’ } : Cr t ’c i  11 ioU ( I F  n C ’l l p l ’e c i  S i o n  ap I ) l o a e h l .

6 — I I- ’ R ‘I’ ! ~i t t i  c 1 ‘, [ t ’ i - - I i~
; — 110 rm,i  i i  y , t W I)  OF t h i ret ’ . I

~ ‘p i oac’he S —

one en  I \s’O I l o n p r e c  I sf ~~T (V OR , ‘l’ACAN , ASR) .in I one (‘F two
j_ ’ 1 L ’C i Si  ‘:1 (PAR , I I S )  — a i e  f i  own p r i  em t o  l a n d  j u g .  The f i  i - s t
oil ’.’ or  t w o  . i pp ro . i c l ie s  a re  I lows t C~~ 51 1 1) 1 I1IUIII1 ) .i t  w h i c h  p01 nt  a
lii i 1 ~ow, ’i mi  ss( ’C- i . i p pr o a c h i  ( c i  i m b ) i s  st ar t e d  ar _ il l  t h e  u r c r a ft
i’o :; i t j o ne d  by .mi’ } ’r o ac l l  cent  i o l  ot  n av ~~~1at ional ai C-Is or  the
Ilt ’ X I . ip ~~i t o . m  cli

7. ~‘ m x r 7 I - ~n~ i i r i e ~~~1 i i i t i ’ w n  — pi ’\ ’ i t ) l l S l V  t ’x } ) l a i n e d / s C ’l I —
t ’ X f ’  1 , i l l , i t  ‘ ‘I

8 - R t ’ i i t i ye — p re\’ i ‘us I y t ’X l )  1.1 1 ti ed ‘51 ’ 1 t ’ -’ Xl) I ~t l _ i , m t cry
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7B Maneuver Descriotion - Fo r m a t i o n  Mission

1 . S t a r t/ T a x i  - prev ious l y explained/self -exp lanator y

2. Takeoff - requires very sli g htl y moi-e time than sin gle -ship takeoff
du e to lead aircraft using sli ghtly less than max oower. This reduced
power gives the wingman a catch-up caoa bilitv. Second elemen t in a
3/4-ship formation does not release brake until 12 seconds after f i r s t
element started takeoff roll .

3 . Cl imb — requires sli g htl y more time than sin gle ship climb due to
lead ~I i r raft using sli g htly less than nil power. Wingman uses power
as requi s-ed to m a i n t  a m pos i t ion -

4, Cs - u i so to area - Lead uses normal cruise power. win gman uses power
C1S necessary to stay in  finqertio (3’ win gt ip c learance )  nosi t ion .
Crossunde t’ and r o u t e  nosi  t i C s  m a n e u v e r s  norma l 1 v occur during this
p o r -t i o n  o f  t h e  m i s s i o n .  C r o s s u n d e r s  require more power a d j u s t m e n t s
than that r-equ I red to s t a y  in  f i n g e r t i p .  Route pos ition , used f o r
perfum e no che c ks • i s  a widened fos - mati on. W i n gman must vary power
ci il4h t l V  t o  move out to and in fr om rou te  p o s i t i o n .

Are a - ‘os-k — F em — mat ion maneuvers s’eci u ire that the leader take the
format ion through a wide range of ai rspeed , pitch , and h ank to a l low
the wing man to build up pro fi Ciency in maintainin g prorier posit ion
~ and 4 — c h i p parameters are riot as wid e as 2 — s h i p ) .  rower changes

by 1 w i n g m a n  w i t h  a low level of profi c ien cv could co ncei va b ly range
fs- oin idle to max , wh i l e  those of a hi qhly profi cient win oma n might
not v s r v  f r ’ o n  1 (‘ad S set po w er by more than ~

- 5 (cl i  qht lv more in
-~ arid 4 — s l i  i p ) - Re .io ins are used to  r e a c t  ice  I e  f o r m i n g  a fo rmat ion
c i , t ’ it h is  sep a r a t e d  - General ly requ ires that  lead and win o s e n a , ’ a t e
by sl t ’l ,iv i t i i pi tc hoti t . s (6(10 bat ik , ItOlO turn ) - L ead then e i t he r
‘ i i r t t a  ir i s s t r a i g h t  and l evel at i orehl- iefed ai t-s neod , or a level .
sh a ll ow t r d l l k C ’d turn at a preti t- I efed a i rs  need ( pr’ehi-i ( ‘ fed ai r’cpee i
‘Ief l ’ I’d  J i ,  c l ose  t o  nornCi 1 cs - ui ci ’ ) .  The w ingman tr ust r ej o i n  to a i nsi e ,-t  i p
‘os it ion by v ,1,-yirlq i l i nk , powC ’r . and p i t c h  as necessar y  - (‘lose t ru 1
0 r i - s t  ion r-erp l i 5 0 5  t il Ci t 5 w irl qilia n C C  fol low the 1 t ’a les’ C C  f ront a nos it lOll

th at i’- irri 1 a,- to the refuel i no nosr  t ion used by fi ‘ihter ai s - m.’t - a t  t
( l i e - . , ’ — t ai l ‘I , (i n ,. e the leader asces- t a i n c  that  his win gm an i s  i ll

p o s i t  ion, he takes t h e  formation throush a series of varied n it ch arid
I ’ ank issneuve i ’ s to  bu i ld  up the wi nqman ‘ c pro li .- i ( ‘11C C, ( 3  and 4 — s  hi p
p i t s e ( C I ’ S are not  is wi de as 2— chip) - The win g m an must ice pi tch
bank . and ‘owl ’,- as n m ’ c e s s , l s ’ y  t o  stay in posit ion . l~ x t en d e d  t s-ai I
I O r i’ I  t 071 (2—s h ip (111 1 y ‘1 reqkIi res that t he win gman tel 1 ow the 1 eade-
I ron Ciii e \  t ersIe d t ies  it ion (1(10 (1— 1 5(10 ‘ at t 1 . The obj e,- t i s  101’ t h e
w i n ’ ii - ’ sn r t o  ns a iii t a in his sos it ion by vai -vi pg pi t ch and hank w i t hi ri a 00 0

conk - beh i rid the 1 eades wit lieu t us i no power. Th e u n IliluilIfli area ~ i .‘ m ’

1(11’ format i er i c  i 300 square “i les in a low area and 1)00 s u u a r - e  m i l e s
in a hi gh Co ed due to a fm-ma ti on not being is iniane uves ahi e is  a
si P C I  le C i !  l~ P a  I t  - Ice of a very high a rea for’ forma t i ens 5 h O
(~Onls 1 (105- I’d ~ll1  opt  ion -

i i— ’~ I

Ji ll Dn~~*urlLf T~T~~ TThrTT TLSuiaii~~ ‘sitnør~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ s-



-- --- -- --- -- - ----- -----

0 . (‘SI t loll (harl~j~ — r~qii l i e s  that the forr ’ua t ion spread apart ari d a
posit i on ch i’ i ie t ie di rec ted by the leader . When the wi ngman is read.y
to assume lead duties , he informs the leader , who sl i d e s  back to a
wing position . The formation is directed to close position and
cost inure, W i th as -ca lrs aneu v er ~ under the directi o n of the new leader- .
Power- chan ‘tes a r’e very mu ru nra 1 . The change is normally trade fronn a
st ,-aioht—an d—l eve l position . T hs-ee arid tour—sh ip  posi t ion changes
requ is-c sore t j ulie to compl ete than 2 — shi n .

7. Area wo rk - p rev ious l y  exp la ined /se l f—exp lanatory .

0 , As -ca Exit / l)escent — cons i sts of Ci reduced Dower descent - Speed
brakes may be use(1 to in c h- ease s - ate of descent.  Crossunder exerc ises
ar - s normal] ~y Ci c c o l n p  ii S bed and rotu t e pus it ion s used to acconipl is Ii
requ i i-ed checks - Al though not di sc us sed in th is  ps-ofi 1 e , a forma t ion
may proceed to a local VOR or TACAN for fo r-ma t ion ins ts-ume nt. approach
riract i c e  ( and 4— sh i  o for inati oris t rust break up f o r  instrumen t practi ce;
.‘—s h i t ’ r on l y )  -

- rat t es-n l-~i t r,v — the wi n’inlan m ust  be posit ioned on the side of lead
O p oo s i t e  t i ll ’ di rec t iohl ot the t r a f f i c  pa tte s - n - Low a l t i tude turns are —
usual ly  ec hel on turns (wi  nqman remains 1 (We 1 w i t h  lead , m a t c h e s  h i s
b a n k  , arid us e s power to rita in t a in pos i t  ion)  -

111 . T r a f f i c  Pa t t e rn  and I andin~ — I lie f Oi ’ ” C l t  i on sepa s- a tes at the pi tch
point by w i n gman de lav in ie  p itcho u t a f t e r  the 1 ead es . Each a i rcraf t
f l i es  i ts  own nat tern ~r r 1  landing , e scep t  tha t  lead f l i es  a s l ig h t ly
t i qhtes- pat te b- n tha n nor- ma 1 ar id the win gman may 1 oose ni his pat tes- n
s l i g h t ]  v to a m pro per spac in o . Three and tou r —sh i p forrnra t ions req uire
c l i  ghtl v more t i rue to  r th i s  man e uver - -

11 .  lax i  / l -~iq ine —~iutdow ri — a u - c r a f t  t a x i  a s a f o r m a t i o n .

1 ’ . Reserve — p rev i o us ly  exp la ined  ~se1 f — e \p lana t o ry .

-- --~~~--~~ -- --~~—-~~~-— - ‘~~~~~~~~~~~~~~~~ -
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APPENDIX E

F’UPT SYLLABI

The syllabi presented in this appendix represent

“b est guess ’ esti mates of UPT sy l labi for  each of the

t r a i n i n g  system a l t e r n a t i v e s  conside red . It  must be

recognized th at these are projected syllabi only and

would require validation prior to actual imp lementa-

tion .

Dynamic  observe r sort ies/hours  do not count toward

career flying time . These sorties utilize empty seats

to provide  addi t ion a l f l y ing exposure .

Copilo t sorties/hours coun t toward career fl y ing

time . These sor ties are flown “ ri gh t—seat ” in the TTB

bas ic  ph ase , while flual and Team desiqn ated sorties are

f l o w n  “ l e f t  s eat . ”

E-l 
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XT—l /T-38 Syllabus

(Dynamic)
Ca tegory Dual Solo (Observer) Total

1. XT— l Primary Phase:

a.  S i m u l a t o r  2 7 / 3 5 . 3  2 7 / 3 5 . 3

b . Air c ra f t (XT— l )

Contact 28/37.2 11/13 .6 4/(5.2) 39/50.8
I n s t r u m e n t s  2/2.8 2/2.8
Formation 10/13.0 3/3.9 13/16.9
Navigation 7/9.8 7/9.8

61/80. 3

2 .  T—3 8 Basic Phase:

a. Simula tor 28/36 .4 28/36.4

b.  A i r c r a f t ( T — 3 8 )

Con tact 23/27 .6 6/7.2 3/ (3.6) 29/34 .8
Instruments 2/2.6 2/2.6
Formation 15/18.0 8/9.6 5/ (6.0) 23/27 .6
Naviga tion 16/20.9 4/5.6 2/(2 .8) 20/26.5

74/91.5

~~~~~~~~~~~~~bus

1. Simul a tor 5 8/ 7 6 . 1  5 8 - 7 6 . 1

2. Aircraf t(XT—2 )

Con tact 39 /5 0 •5 21 27 .3 11/ (14 .3) 60,77.8
Ins truments 3/4.5 3/4 .5
Forma tion 27/30.0 11 12.5 7/(8 .4) 38 42.5
N a v i ga tion 19/21.0 6/8 .3 1/(1.5) 25/29 .3

126/154.1



— - - - -~~~~~~~~~~~ 
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XT-- 3 (or XT—l)/XT—3/T—38 Sy llabus

(Dynamic)
Cate gory Dual Solo (Observer) To tal

1. Primary Phase:

a. Simula tor 27/35.3 27/35 .3

b. Aircraf t (XT—l or X T—3)

Con tact 28/37 .2 11/13 .6 4/(5 .2) 39/50 .8
Ins truments 2/2.8 2/2 .8
Formation 10 /13 .0 3/3.9 13/16 .9
Navi gation 7/9.8 7/9.8

61/80.3

2 FAIR Basic Phase:

a. Simula tor 28/36 .4 28/36 ,4

b ,  Ai rc ra f t ( T — 3 8 )

Con tact 23/27 .6 6/7.2 3/(3.6) 29/34.8
Ins truments 2/2.6 2/2 .6
Forma tion 15~~l8.0 8/9.6 5/ (6.0) 23/27 .6
Navi gation 16 /20.9 4/5.6 2/ (2.8) 20/26.5

Sub—To tal 74/91 .5
Tac tical* 12 —  13.2 12/13 .2

86/104.7

C a t eg o r y  D u a l  Team ( C o — P i l o t )  To ta l

3 .  TTB B a s i c  Phase

a. Simula tor 28 36.4 28 36.4

b. A i r c r a f t  ( X T — 3 )

Contact 6-’9.0 12/18.0 18/(27 .0) 18/27.0
Instrumen ts 2/3 .0 2/ (3 .0) 2/3.0
Forma tion 4’6.4 1/1.6 57 (8.0) 5/8.0
Naviga tion 12/18.9 10/14.1 22/(33.0) 22/33.0

47/71 . 0

* Tactical Category adds 13.2 hours for Tactical Formation ,
Basic Fighter Maneuvers , and Air—to—Ground Fundamen tals

E-3
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APPENDIX F

COCKPIT SEATING CONFIGURATION

T h i s  a p p e n d i x  p r o v i d e s  a d i sc u s s i o n  of poss ib le

seating arrangements for trainer aircraft. Seating

configurations for use in concept designs were based

on this discussion.

Side—by—Side Seating (Advantages).

1. It allows the IP access to all normal and emer-

gency controls. This is important for instructional and

emergency situations during the primary phase of training .

2. Permits direct physical contact in order to

correct errors.

3. A l l o w s  d i r e c t  o b s e r v a t i o n  of a n t i c i p a t e d  s t u d e n t

errors (raise gear early, radio on wrong frequency , in—

comple t e  i n f l i g h t  checks , e q u i p m e n t  not on , e t c . ) .

4 .  E a s i e r  to d i r ec t  a s t u d e n t ’ s a t t e n t i o n .

5. Can ge t  to a “ f r o z e n ” s t u d e n t

6. Facilitates in—cockpit instruction by gestures

and a c t u a l  d e m o n s t r a t i o n s

7.  Can cover i n s t r u m e n t s  to e n f o r c e  u s i n g  o u t s i d e

references or partial panel recoveries.

8. Psycholog ical well—being for basic student

(IP is clearly visible and “near ” student).
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9. Forms good b a si s  f o r  f o l  l o w — o n  to m u l t i — e n g i n e

a i r c i a l  t ( c r e w  c o n c ep t )

10 . El im i na tes “ lo ss  o t in  t t ’  r( -oIn ” p r o b l e m s

1 1. Better forwa rd v i s i b i l i t y  [or both 1P and ;;tudent .

1 2 .  Eliminate tandem e j e c t i o n  ~;equenc c probleir . (do

not  w a n t  b a s i c  s t u d e n t  i n a d v e r t e n t l y  e j e c t .  lug 11’) .

1 3 - Neq u I res o n l y  one ot some , i f n ot  a 1 1 , in s t r ume n t ;

( o n e  r a d i o  c o n t r o l  head  , one set  of eny j f l l. - i irs t r um e  i lls ,

e t c . ) .

S l d e — b y — S i d e  ~~ - d t i  rr ~j  s id v~~n t ~~g t - s )  -

I . C r os —Cock [ )  1 1 con 1 t o  I p iob  lens (di so r i en t a t  ion

‘1’— 37 a i r y’ond i t june r , e t c

2. A symme ti ic I C  I e re nco ; ;  [or  Ira I I ic  p a t t e r n  W ( ) ! k

form at ion , a cr o b a t  i cs .

3. I ) ec reames  s t u de n t  t en d e l i c y  to d-leaI . on I P s id e

ol d i  r e r a t  t~

4. 1 1’ c an n o t  a l w a y s  c l c~~r w e l l  on s t u d e nt ’ ;; s id e .

5. Not cons i ;;terit with lo l low—-on h i g h p e s l o r m a n c e

ai  rc r a t  t

6 . Some I cc l i ny of be i ny i n  a mu I t i —eny i ne a i ic t a  I t

eve ii w h e n  so l o .

7 . Great ei t_ e ride ii cy to  re 1 y on I P .

H . Mo ic ti it. t 1 Cii It t accomp I i s  ii hooded 1 1 i g I r t

I- . —
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9. Dif f i c u l t y  with rocket e jection seats (blast

would burn other pilot — this m a y  also requite hig her

ejec tion minimums for a ballistic type ejection seat).

1 0. Large fron tal area , therefore , some decrease in

economy and per formance.

Tandem Seatin g (Advan tage s) .

1. Provid es better over—the—side v i s i b i l i t y

( t a x i , navi gation , forma t ion , acro , etc.).

2.  More a c c u r a t e  s e n s i n g  of vel~ic1e a c ce l e r a t i o n s

(seat on centerline).

3. Symmetric a l references for pattern s /formation.

4. Similari ty to h i gh  p e rt ot - mance  f o l l o w — o n

a i r cra f t -

5. Be tte r trout seat v i s i b i l i t y .

6. No c r-o;; 5— cock~~tt con t ro 1 pro hi ems

7. Bag in b~j’k sea ’ I or I ul ly houded I 1 j g t i t

8. C1~h in g s  m o r e  “ n o r m a  1” when st u d e n t  so los .

9. Student picks up r e s p o n s i b i l i t y  f a s t e r  ( b y

h i m s e l f  in  the cockpit , less  r e l i a n c e  on I F ) .

i c  s t -a t  n~ j ( D u ; a C i v a n t r q e s )

1. Limi ted torwar d v i s i b i l i t y  lot back seat

eupa n t ( u :;uai ly lhc IF )

2 .  Ca t i t i o t  see w h a t  t ude i t t do ri g or 1;; about

to do (5 i.jn it i c an t  in the ha:; ic phase) -

3. l~equ ire ;; dua I i i i ; ;  I runient. d; spl  r ys and ;;w i t  che: ;

and  may ut -g i l  ire some ove ri id.’ con t t- ol
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4 .  8e~luence ejection problems

5• May he more  d i l t  i c u l t  to l a n d  t rom back seat.

b . 1 n t ci co~-kp it comn iun 1 cat ion prol)  1 ems wit ii loss of

tri te i coni . “ Who ha ;; the a i rcr a ft

Thiee— ;;eat Co nt t~~urat ion;;.

Con;; itle rat lOU 01 a t h r e e - — s c a t  t r a  i n i n g  a i r cr a  t t

poses the p roblem of how t o  pos i t  I on the (ii tee seat;;.

Coi rciu s ions from a No t -t trm u p 1- eport , Fu t u r e  IJn dei -g i -adu a te

N lot Ti a i n i n g  System ~t.udy , NOI~ 70—149 , Ma rch 1471 ( l~ef. 16)

i r id i ca t  e t h a t  iii t he dna 1 t t ack role , wire i t ’ t t ie same a i r —

cia I t i used tot t lie pr i nary Plia: e ’ and I he b,r sic (‘l’’I’fi

t r a c k  of a d u a l  t r a c k  ;;y ;; t em , t i r e  seat  i rig ar r a l lq  cure n t

s iou Id place t w o  seat. ;;  ;; ide-- by —s ide ’ i n  t t i e  t ro n  t w i t ii t i r e

t I i i  rd scat i i i  the rear - The t Iii id ;;e ’a I could be occupied

by t ire l)ynanr IC i)bse t \ e  1 i n  t lie pr mary ti -a i iii U t ]  phase arid

l i t ’ I P in I he ‘1’ I’ll t , i ; ;  ( c  t r i ck

Li;;e of I Ire t i i i  e ’e— ;;c,it a i r  ci a I t i i i  a i A  1 R t t ack W Oll Id

l - c~~u i r e  t ia I a i lie] 1 e :;e,r I be po:; r t i orred in I t out of two

seats local ed ; ; i d e — b t — - :; i d e ’ . ‘l’ i re  t l it ee—;;e,i t concept ill a

i - A I l ~ t t , i c k  ~ioc:; r i o t  a pp e ar  w a r t  a l i t  ed at this time w i t  rout

add r t loud I t e ’; ;e ’a r d r .

P t  cv i ii; ; ; ;t  i l e l y en ;e ’ , i  t i ng ion I i j u r a t  lo re ;

i e~- t i  cii t i a t r ~- t  : .ea t I I 1 C 1  con I j ej ur at ion I : ;  v it t ua 1 ly

n e e i r — e x  i :;t c u t  . I i e e w e ’v t ’t  , t l i e ’ N o r  t lii II }) F U l ’ l  a t  iith of 1 ‘i7 ~ J i i

conduct i i  a r i a  1 ~~: ;  is ci lb it ’ se ’a t  i iq cent i g l i r  a t  i on ;~ l o t

1- ’ — 4 
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trainer aircraft. The analysis did not use an analytical

research approach , rather , as above , it was the result of

“expert ” opinions with regard to best seating configuration

for instruction of the various training requirements of

the mission .

The major advantage of side—by—side seating is that it

allows for direct observation of the student. In an air-

craft that is used only for primary training , this is

desirable but it does not appear to be a limiting factor.

Prior to the in troduction of the T— 37 in UPT , primary

training was conducted in tandem seated aircraft.

When considering a single a i rcraf t  as the training

vehicle for the entire UPT program , the advantages of

tandem seating appear to outweigh the need to directly

observe the student and would be the desirable seating

configuration.

The f o l l o w i n g  t a b l e  was  e x t r a c t e d  f rom the  N o r t h r u p

FUPT s t u d y  and p r o v i d e s  an a n a l y s i s  of t w o — p l a c e  p r i m a r y

traine r seating configurations versus training requirements.

F— 5  
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A P P E N D I X  0

DYNAMIC OBSERVER CONCEPT

The term “Dynamic Observe r ” refers to the active involve-

men t of a secondary trainee in a given training situation .

Dvnan-lic Observation (DO) is a training technique which can

be app lied both on the ground and in the air. When con—

siderin g DO infliq h t , two possible applications exist: one

i s retc-rred to as “ team f l y in g ” in a two—seat aircraft , the

other is as the t h i r d  crew membe r in a three—seated aircraft .

Al though little sta tistical research of DO has been

conducted , a number  of s t ud ies  have considered the DO con—

cept  and p r o v i d e  soiiie i n s igh t  i n to  probable  DO advantages/

di sadv ant a ie s and app lications . These studies——Northrop

FU PT S t u d y , 1971 (1~ef . 16~ , FUPT MA , 19 72 (1~ef. 1) , AF IIRL—

TR— 72— 61 , 1 (173 ( R e t .  1 7 ) ,  T1is’lor & St r ieq e l  1970 (Re f . 18),

and ATC/PO a t i a 1v s i s  of DO q u e s t i o n n a i r es , 1 9 7 4 — — a l l  p rovide

s s hj e ct  c o n c l u s i o n s  b ased on human logic regarding DO.

The FUP T N o r t h r o p  St~idv and FUPT Miss ion A n a l y s i s

conc lude  th at  DO is not  Cost e t f e c t iv e  when considered

as a bas C s f o r  p u r c hase  of  a t h r ee— s e at  A- ’C so le ly  for

that purpose. The studies do in d i c a t e  that the three—

~;eat a i r c r a f t  en v i r o n m e n t  would  provi de for th e bes t

cent ro~ of t he DO s i tU a t  ion . Some concern w as expressed

t e q ar d i n~ the  p o ssi b l e  e f f ec t .  on the p i - i ma rv  s t u d e n t  -

~:;— 1
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in that having poor performance observed by a peer may be

de trimental to the learnin g process. On the other hand ,

the student re ceiving ins truction may have added incentive

to perform better. Other possible disadvan tages of DO

considered the possibilit y of increased mi ssion aborts due

to airsickness , f a t igue problems due to increased fly ing

h o u r s  per day , and ex tended briefing/debriefing times.

The advantages in the three—seat environment are increased

s t uden t f l i g h t t ime and more ef f i c i en t use of f l i gh t time .

I t does not appear that DO time would result in a si gnifi -

can t reduction in time required at the controls.

The “team flying ” con cept has  bee n appl ied  to OPT

several times in the past and is currently included in OPT .

This concep t pairs a junior student with an advanced

student. Results are inconclusive as to training benefits

d e r i v e d  throu g h tea m f l y i n g , but it appears  that sonic

learning transfer does occur for both the Dynamic Observer

and the student who is actually controlling the aircraft.

The curren t application of the team flying concept consists

o f an a v e r a g e  of two m i s s i o n s  resu l t ing  in a p p r o x i m a te ly

two flours f lyiry time. Field reports indicate ooth

student and Instructor Pilot satisfaction with DO (team

flying ) and reflect the beliet that some lea rnin g does

occur. Per haps the major advantage of team flying is

t h i t  i t  allows students more exposure to the many variables

invo lved in ae rial fli ght.

0-2
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F u r t h e r , s t u d e n t s  [ee l  that team flying increases

t h e i r  confidence and g iv e s them a chance to view flying

t o r n  t he whole p er spe ct ive since the DO is tree trom the

n o r m a l  cock p i t  d u t i e s  a s s o c i a t e d  w i t h  a c t u a l l y  c o n t r o l l i n g

the a it - c r a t t

Available informaL ion , although not st~~t i s t i c i l l v

J e t  e rm i ned , suqg  e st  s that t t ie DO concept of t  er S t r a i n i n g

p o t e n t  i a l .  I t s  use  i n  a t h r e e — s ea t  a i r c r a f t  is m u c h  t h e

sam e ~is w h e n  used  u n d e r  the team I lying concept in two—

seat a i r c r a f t .

A d v a n t aj e s .

1. Provides IOU t h O U C  ci f i c i e n t  use ot a i r  t i m e  ~i.e . ,

t i I i  I nq a p r ey  1011 5 1 v eI1)~) t y c - .4 t

2 .  I n c r e a s e s  s t u d e n t  ex p o s u r e  to t I ight si tuat i ons .

3. Al  l o w s  s t ud e n t  t o  assess the conduct of flight

w i thou t con ce n  t ra t ion  on t lie a c t u a l  c on t r o l of the a i r—

cr at

4 .  A p p e a r s  to 4 - n d - ease  p e t - t o 4 -- r n a l i c e  ot  t h e  student

p i  l ot  be in observed

- . U sed i n  t h e  t e a m  I I i g h t  concep t , i t  does  n ot

require an ai r c t a f t designed w i t h a third seat.

b .  In  t I l e  t e a m  t l i g h t  concep t , i t  e l i m i n a te s  student

dependencie s 031 the inst ructo r .

7.  Al. l ow s  I or i n cr e a s e d  con t  id e n ce  and  e x er c i s e  ot

d c  w coo i d  1 f l a t  lo f l  a lId 1 u dq  I11e l i t  in  t he  st ud en t p i lo t

- T~~~~T 1W LL ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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8. Enhances flying satet y with regard to clearing .

9. Allows t h e  DO to learn basic perceptu a l and

aud i tory sensations of flight (i.e., how i t feels and

sounds to ride throug h the maneuvers)

10. Allows fo r e f f e c t i v e  learnin g of procedures.

Disadv anta g

1. In the three—seat environment , a new aircraft

mus t be procured.

2 . May impose additional psycholog ical loads on the

student who is f lying the a i r c r a f t , par t i c u l a r l y i f  h i s

p e r t o rm a n c e  is poor.

3. P o s s i b i l i t y  of i nc r ea sed  m i s s i o n  abor t s due to

a i r sickness (i.e., r i d i n g  throug h m an e uvers  when  not

ac tu a l l y co n t r o l l i n g  t he a i r c r a f t can cause  na u sea even

in experi enced pilots).

4. Sched uling constraints must be closely monit ored

to a s s u r e  t h a t  t h e  s t u d e n t  t a t  i q u e  t i pt o r  does no t  increase.

5 . In creased brief thu ~d e b r i e f i n g  requirements.

6. Does not appear to reduce f l y i n g  t i m e  r e q u i r e d

in  a c t u a l l y  c o n t r o l l i n g  t h e  a i i c r a t t .

7 .  The p r o g r a m  r e q u i re s  p o s i t  i ve  and  a s s u r e d  c o n t r o l

o t student air d i s c i p l i n e .

Al thoug h DO is a v ia~~l e concep t  w h i c h  sh o u l d  he

ser i cusl y considered b r  r ete n tion in Future L~ T , th e 

~~~ ~~~~~~~~~~~~~~ 4~~~—hb~ - - ’..: ~~~~~ ~o~~—-~~~.O’
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additional bene t its de rived from DO do not ju stify desi gn-

ing an a i r c r a f t  to a c c o m p li s h  t h a t  purpose  on l y .  Team

flying appear s t o o f f e r  po sitive training benefit s ,

e n h a n c e s  s t uden t mora l e , and can be actively pursued in

a two—seat tra ining aircra ft.

• 1
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APPENDIX H

Ar RCRAFT PRODUrTTON AND PlIASI~-IN 
SCI,r~DULES

The tables in this appendix detail aircraft produc—

t i o r i  r at e s  and the ph a s e— i n  of f l y i n g  hours  of the v a r io u s

FUPT alternati ve s examined in this study. Althou gh nume rous

alternative ai rcraft pro duction schedules are possible

w h i c h  may enhance over a l l  cost e f f e c t i v e n e s s, t he in fo rma-

tion presented here was used for cost comparisons.

Tabl e 22 , Ai rcr a f t P rodu c t i o n  Schedule , aSSUP1C S a

production rate of 20 ai rcr~if t per month . A cu m u l a t i v e

aircraft production r a te is depicted in  the secon (i

co l umn . U s i ng  a 60 hr/month u t i l i z a t i o n  r~~’ e fo r  an

l l~-j mon th  t r a i n i nq  y ear , m on t h l y  I l y ing  h o u r s  which  can

be a c c u m u lat e d  on ti n ’ new a i  r e r u f t  a re  depict ed in

ccl umn 3. Ccl umn 4 i s all accuniulat ion of t lu-se hours on

an annual ban is . Thus , hv the end of the Ii  ~~ ;t  \ e a r  a

total of 89 ,700 I lvi nq hours ire a v a i l a b l e  i n  the new ai r—

c r a f t , 255 , 300 at the end of tli , ’ second year , etc.

T ab ]  es 23 throu gh ~~h depi ct t h e  ph~ee— in of the new

a i rc raft by f lv i nq hours , us i n i  t he ai  rc r a f t  product ion

schedule in Tab ] c 22 and pi lot product ion rat (‘S f r o m

Table 4 (F Y 82 o n )  . Also shown , in the far ri g u t  column

is the tot a I numbe r of new a i. t i  I t re C i l l  i red t o s ~ippo r

t he  f l y i n g  hou-- nchedii 1e at t h -  end ot phase—in. Tue

_ _  _ _ _-
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nunther of addi t ional  a i r c ra f t  required due to accident

attrition is shown in parentheses. ACE requirements are

shown separately, as existing T-37/T—38 aircraft resources

could possibly be used to support this program. In

Table 26 , a concurrent production of XT— l and XT-3 air-

c r a f t  was used for  purposes of th i s  study .

11— 2 
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Table 22

A i r c r a f t  P r o d u c t i o n  S c h e d u l e

C u m u l a t i v e  M o n t h l y  C u m u l a t i v e
Month Production Hours Urs ( A n n u a l )

0 0 0 0

1 20 1150 115 0

2 40 2300  345 0

3 60 3450 6900

4 80 4 6 0 0  1150 0

5 100 5750 1 7 2 5 0

6 120 6900 24150

7 140 8050  3 2 2 0 0

8 160 9200 41400

9 180 10350 5 1750

10 200  11500 6 3 2 5 0

I l  2 2 0 1 2 6 5 0  7 5 9 0 0

12 2 4 0  13800  8 9 7 0 0

13 2 60 14 ,950 14 ,950

14 280 16 ,100 31 ,050

15 3 0 0 17 ,250 48 ,301)

16 32 0 18 ,400 6b ,~~00

17 340 19,550 86 ,250

18 360 2 0 , 700  l O b , 951)

H— _I
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Table 22 (cofltd )

Cumulative Monthly Cumulat ive
Month Product ion Hours Firs (Annual)

19 380 2 1,850  128 ,800

20 40 0 23 ,000 151 ,800

21 42 0 24 ,150 175 ,950

22 440 25 ,300 2 01,250

23 46 0  26 ,450 227 ,700

24 480 27 ,600 255 ,300

25 500 28 , 750 28 ,750

26 520 29 , 9 0 0 58 ,650

27 540 31 ,050 89 ,700

28 560 32 ,200 121 ,900

29 580 33 , 3 5 0  155 ,250

30 600 3 4 ,500 189 ,750

31 6 20 3 5 ,650 2~’5 ,4 00

32 6 40 36 ,800 262 ,200

33 660 37 , 950 300 , 150

34 680 39, 100 339 ,250

35 700 4 0 , 250 3 ’9 , 500

36 720 41 , 400 4 2 0 , 900

37 7 4 0  4 2 , 51 0 4 .~, 550

38 76 0 43 ,700 8e ,251)

3-) 780 4 4 , 850 13 1, 000

11— 4
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Table 22 (contd )

Cumulative Monthly Cumulative
— 

Month Produc t ion  Hours  Fi rs  ( A n n u a l )

40 800 46 ,000 177 ,100

41 820 47 ,150 224 ,250
- 

- 42 840 48 ,300 272 ,550

43 860 49 ,450 322 ,000
44 

- 
880 50 ,600 372 ,600

45 900 51,750 424 ,350
46 920 52 ,900 4 77 ,250

47 940 54 ,050 581 ,300

48 960 55 ,200 586 ,500

49 980 56 ,350 56 ,350

50 1000 •- 57 ,500 113 ,850

51 1020 58 ,650 172 ,500

52 1040 59 ,800 232 , 300

11—5
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APPENDIX I

A COST AN A L Y S I S  FOR THE

FUTURE U NO ERGR ) \ DUAT E PILOT T R A I N I N G  ( F U P T )  A IRCRAFT

rrepared By:
HQ, Air Training Cori~nand
OCS ‘Co mptro l 1 er

~irectorate of Cost S. r - t ana g em~ n t  Analys is
R a n d o l p h  -\ir Force Ba-; o , I X  7~~l4S
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~d L C iI ~ L: The o bje c t i v e  of this analysis is to provide management with
nii cito r s of tr e relative cost of undergraduate pilot trainin g (UPT)

-~‘, -;tem opt lon5 . Specifically, three options are examined ; (1) replacement
-or t h e  T37 aircraft , (2) a single (all through) aircraft replacement for
the T 3 7  and 138 , and (3) two aircraft s-eplacement of the T37 and T38 (dual
t r - ck trai n ing). Also , as an alternative to this option , a new aircraft/T38
do- si t- ’ack is considered . Each of the options is finitely described in the
Futur e Undergraduate Pilot Trainin g (FIJPT) Aircraft Study of which this
an a 1 y -~is is to become an integral part.

METHODOLOGY & PROC [DURES : Procedures were adopted which would allow the
development of a rank ordered costing without the constraints of a forma l
Life C~cle Costing (LCC) or a definitive comparative analysis. That is ,
-;a~or ar -~as of cost which are sensitive to system design and training
concept ¼U’ C used wherea s those which are driven primarily by the actual
trainin g process are excl uded . The constant used as a basis for the cost
compilation is aircraft flying hours. The use of this unit of measure is
desirable in that a number of options, an d alternatives within each opt ion1 ,
ca n be assess ed w ith ou t  concer n fo r a prec i se c u r ri cu lum s t ruc ture  an d
student  load composition. This procedure wi ll not  result in the development
of a total systems cost. A Life Cycle Costing (LCC ) will follow once the
tr ai n i n q con cept , w h i c h  w i l l  dic ta te  system design , is decided upon. in
additi on , a tynical unit cost of producing an USAF UPT graduate under each
a l t erna t i v e  has  been compiled . These costs , as opposed to the rank ordered
cos t , c o ns i s t  of d i rect  a nd i n— d i r e ct training el eme n t s  a nd excl ude the
sunk ccsts ass oc i a t e d  with acqui ring t~ie new system. A listing of cost
el em ent s ir luded in the rank ordered cost ing and the typical unit costing
an - c prcv ide d at page 1—10.

T int ~n r o c -~un l i fe  f ’r - each of t~~i - s  opt ions is 23 years (1984 through 201 u) .

~n’ s t io-a pi-riod s;’ans the life of whatever system is selected except that
he T3 O ,-oul d need to P L -  n-epl aced in the r ’ i id— l 990s under Opt ion I - The
l~ w p ) O i~1 L ) i1 i t V  of a c cu ra te l y  r-o iec t i n io  a i rc ra f t  acqu is i t ion  cost 20 years
hence is r- ’cogni :ed : however , for the purpose of this analys is  we have used
a ‘.sn e s t i m a t e  those data provided by ASD for the XT2 (single , all-throu ch
air c s - a f ) .

The ran- . ordered c ‘s~ data are p r e s e n t e d  in c o ns t a n t  ( F Y 7 7 ) ,  current , and
d isco u n t - I  dol lar .;. C ur r en t d o l l a rs we re d er i ved  by a p p l y i n g  a r a t e  o f
i nc rease of seven percent , compounded annually. Discounting as it is used
in this analysis p la c e s  a value up on the loss of opportunity to private

F 
i n v e s t — l e n t , and the y ie ld  upon that in ~~e~~tne n t , when  p r i v a t e  investment  i s
di spl ac ed 5’. OV e i~ lni efl t expend i turs’  - - 

-

The typ cal t.n it c en t  data are presented in constant FY77 do l lars .

DA T\ S FAC TORS SOU F~CES : Phasin g,  a i r c ra f t  buy leve ls , s imulato r modif i cat ion
cost , and maintenance and materi a ls factors were provided by the FLIPT Study
Off ice (- ‘-TC /XPO~ . RTC&E and am -craft unit . costs were provided by ASD/XPP .
A i rc ra f t  residual va lne ’~ a—c based u ;-on the number of aircraft becomin g

1— 2 
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excess w i thin each option as determined by ATC/XPO with a selling price
as determined by the AF Pricing Board except that the residual value of
the T38 replacenic’nt in Option I Is projected to be half of its procurement
cos t. Elemental cost factors (personnel , AVPOL , base operat ing support
(B flS) non-personnel , personal equipment, curr iculum TDY etc.), discount
rat es , and inflation factors were derived from ATC experience and/or taken
from Air Force directives as appropr iate for their respective use.

RESULTS OF THE ANALYS iS: As an aid to the reader a brief description of each
alternative is provided :

Opt ion I - Generalized pilot production program. Replacement of the T37.
Replacement of the T3$ in a mid-1 990s time frame is a requirement of this
option. The T37 replacement is designated “XTl” .

Opt ion II - Generalized pilot production program. Replacement of the T37
and T38 for a single all—through aircraft. The replacement airc raft is
de-.’gnat ad “XT2” .

Option III - A lternati e A - Dual track pilot product ion program. Repl ace-
meit of the T37 aircraft . The replacement aircraft is desi gna ted “XT3’ .
The XT3 will be flown by all students in the prinnary phase. TTB students
w i l  con ti n ue i n the XT 3 for thei r bas i c phas e wh i le FAIR stud en ts trans i t i on
to the T38 for their basic phase.

Option III - Alternative B - Dual track pilot production program . Replace-
nnent of the 137 with the XT1 and the XT3. XT1 flown by all students in
the basic phase. Transition to XT3 for TTB trac k and to T38 for FAIR track.

Table I is a recapitulation of tota ls for each of the alternatives. Rank ing
is in ascendin q order- , i.e., “ (1 ) ” least costly, “(4)” most costly. All —

dollars are in millions. Figur es repres~nt one yea r of un i form cos t, except
that the typica l unit cost is tha t of producing an USAF pi lot. “With - -

residual” reflects the reduction of cost by the value of excess ai rc raft ,
“without residual” takes no credit for value of excess aircraft . Iii the —

c- n~e of typical unit co- -t , value of excess aircraft is not a consideration.

The following observ ations are provided relative to the lable I data :

a. Ihe s a le  and/or re— use va lue of exc en~ a i r c ra f t  is not a cer ~ a i n t ’ .  - -

thus the costs ‘ w i thout res idual va lue have a higher degree of pn-ohabil it ’ .-
of occurrence than those ‘w i tin r e sidua l ’ v a lue.

b. All new aircraft under study have a considerably l ower fuel cnn-
su unp t i o n rate than the T38. t.xcept for Option II , the 138 remains in the

-
‘ training system to some degree. An irnf in i t 5 - - number of cost excurs ions

could be made  -based upon an individual ’ s thinking on future energy avail-
ability/policy. The multiplicity of guesses and their uncertainty dictates
their exclusion from t h i s  analysis; however, the following FY77 per hour
fuel cost factors, as used in n the analysis , highlight the significanc e of
t h is element: T38-$176.40, XT 1- S CL 6 1 , XT 2-S55.57 , XT 3-$47.63.
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TABLE I

RANK ORDERED COST 
______ 

TYPICAL UNIT COST
CONSTANT $ ~~~~~~~~~~~~~~~~~~~~ FY77$

OPTION I
With Residual 222 .303 3) 683.843 3) 271 .666(3
W/O Residual 237.355 4) 781 .062 4) 285.210 (4

.102(4)

OPT ION II
With Residual 211.930(2) 667.667(1) 264.071 (2)
W/O Residual 220.292 (2) 685.822(2) 271 .039(2)

.083(2)

OPTION III - Alt A
With Residual 226.233(4) 746.879(4 276.937(4)
W/0 Residual 228.083(3) 750.641(3 279 .513(3)

.086(3)

OPTION I I I  - Alt  B —

With Residual 205. ?l-~( I) ILR R-l2(2 ) .‘i ’ . ~O5~ 1 )
W/O Residual 2O7 .1 .~~(1) 672 .760 (1) 254 .983(1)

.080(1)

( RANK)

‘-4
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c. Option III - Al ternative B brings two new aircraft into the
system . While maintenance personnel training costs are treated as a wash
item in the ana lys is , it is recognized that initial training will be
greater for the two new aircraft. This is an one-time cost , which
based upon experience with a more complex system would not alter the
pre sent rankings.

d. Option II - Requires a h ig h volume aircraft buy in an early
time frame of the program. A n aircraft buy of 902 XT2s will require
the expenditure of $1 .881 billion in u r r  nt year dollars in 1 984-1986.
These investment costs are off-set by a comp a rativel y low recurring
operating cost which is in-turn infl u ’n ed by absence of the T38 f rom
the system.

e. Option II a nd Option 111 - Alternative B offer distinct
economic advanta ges over the otner options; however , Opt io n I I I  B is
second high in operating cost and is therefore more susceptible to
in flationary influences downstredm than are Options I and II.

f. Option I , which uses the l owest operating cost aircraft under
study (Xli), loses this advantage by continued use of the 138 until
the mid 1990s. This condition is refl ’.’ct ed in both the rank ordered
and ty pical unit cost.

in summ ary , the sale and/o r re-use of excess aircraft cannot be viewed
as a ce rtainty . Instability in energy availability and policy impact
upon the economic as pects of se lectin g a FUPT system ---the 138 is espec ially
critical in this respect. Bringing two new aircraft into the system will
involve expend i ture of addi tional funds for initial tr a ining . Selection
of the all—th rough single aircraft system will require high procurement
appropriations in the mid 1 980s. Options II and III B have an economic
advantage over the remaining options; however , Option III B is relatively
high in operating cost. Option I uses the XT1 which has the l owest
operating cost of all aircraft under study ; however , when coupled with
the T38 it is high In both rank order and typical unit cost.

Details of the rank ordered costin g are provided on pages 1-6 th rough
1-9.
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COST ELEMENT APPLICATIONS -

ELEMENTS OF COST RANK ORDERED TYPICAL UNIT

1 . RDT&E X

2. Aircraft Acquisition 1 X

3. Aircraft Sales (Credit) X

-2 . Simulator - Modification X

5. Si mulator Acquisition X

6. Main te nance La bor X X

7. Maintenance  Ma te r i a l s  X X

8. Re p len i sh men t Spares X X

9 . De pot Main tenance  X X

1 0. AVPOL X X

1 1 . 805 Personnel X2 X

1 2 .  [-Ps Non-Per- ,nnnel . X 2 X

13. Instructor Pilots X

11 . ~u~’port Of f icers X

15. Personal Equ i pinnent X

16. Curr iculum TDY X

17. Student PCS X

18. Operations Support X

19. Student Pay X

1 Inc ludes spare engines
? Limited to BUS Personnel and Non-Personnel associated with the maintenance

la bor fo rce.
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APPENDIX J

AIRCRAFT AND SIMULATOR COST ESTIMATES

This appendix contains the cost estimates supplied by

ASD for aircraft and simulator RDT&E and production . Air-.

craft costs were estimated using the Rand DAPCA III cost

es t imat ing  model. Aircraft costs are shown in FY 76 dollars ,

and were converted to FY 77 dollars by multiplying by a

factor of 1.0598. Simulator modification costs are g iven

in FY 77 dollars .

A i r c r a f t  costs are provided as cumulative average

costs for various production levels . The unit cost is

used to interpolate for production levels other than

depicted. For examp le , to compute the cost of procuring

625 aircraft , one would use the “cuni total with fee ” for

600 aircraft , then add the cost of 25 aircraft at the

“unit” cost at the 600 aircraft buy level.
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ASD/S D24 COST ESTIMATES
FOR

REC OhFI CI UR I N C  TIlE UP1’— I FS COMP LEXES

1. This attachment provides the estimated costs for reconfiguring some (Cr

all of the 1—37 and T—38 Undergradua te  Pi lot  Tra in ing  — Instrument Fli g h t
S i m u l a t o r (UPT—IFS)  complexes. The estimates are based upon program inform ation
sup p l ied b y Capt Steve J oseph (ATC/XPO) , proposed confi guration information
supp l i e d  by Mr . Jerry Estepp (ASD/XRL), and assumptions made b y ASD/SD24
pers onnel.

2. ATC is in the proce s- - of analyzing three alternative aircraft programs
f o r  UPT in the mld—1980s. The UPT—IFS comp lexes would be modified to
repre sent the aircraft in the UP ’f p rogra ’-i at that  t ime .

a. One alternative (KT—l) is to rep lace only the ag ing  T—37 a i rcraf t
and , co r respond ing ly, r e c o n f i gure the T—37 UPT— IFS comp lexes.

b . Ano ther alternative (XT—2) is to buy one new airp l a n e  t o rep lac e
b oth the 1—li  and 1—38 aircraft. In this case , all U1’T—IFS complexes would
he rec onfi gured.

c . The final alternative (XT—3) Is to buy a new airplane to use as the
b a s i c  p r imar Y t r a ine r 1 to  rep lace  the 1—37 , and also function as a tanker!
t r a n s p o r t / b o m b e r  (T T B) t ra ine r for  those p i l o t s  desi gnated to f ly  t h a t  t Y p o
of a i r p l a n e .  The p i l o t s  not s e l e c t e d  t o  continue in the TTB a i r c r a f t  w o u l d
t l v  !he  1—3 8 ~is a bas i c  f i gh t e r / a t t a c k  a i r c r a f t .  In the XT—3 program a ll
of t h l ’ 1’— 37 and some of the T—38 ti M’— iFS complexes would be r e c o n f i g u r e d .

I . [lie cost  eat  i t .c i t Cs  were deve lop ed  in the fo l  lowing  manner .

a .  First , using the information c i t e d  above and knowled ge of the e x i s t  f o g
UPT— IFS systems , percentage est imates of the conm ionality between subsy stems

in  the existing UPf—IFS system (T—37 , T—38 , or both) and the 1Cc ~ posed sy s t e ms
XT—2 , or X f— 3) were made (i’ . ,I—8) . -

Ii . Second , the percentage eat imates for each subsyst em were app lied
to the latest costs reported in the UPT—IFS Cost Performance Reports (CPRs )

~ iih m i t t  ed by S ingc - r Corporation , B trig ha~n t o n , NY (~~~
. 1— 9 )  -

c - l i i i  r I  , the t o t a l  cost  fo r each ,i 1 t o  m a t  ive  syst  oni W as based ( ‘U t ho
I C ’  t f l i t  i’d t 0 S  t of mod (tying each comp lex and t he  numb er  I l l  COfl~ I CXI’S t C ’ hi’
reron i i  gure (1 (p. J— 9)

flu’ mod if (cat. ion scl iedt i  14 ’ ea t  I m at  (‘S f o r  t he t hret’ a I t  i-m at  i vo p i I i c r a n l :

( I I ’ sti~wn on page _ J — 10. Th e f e l l  owing paragr aphs i-xp lain assumptions that
we t-~ - used in es t ima t I ng the r et - on f i gur a t  ion cos t s  and sc l i& ’du lea

J-5
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- C .  b . i - ; l c  A s s u m p t i o n s .

[lie training tasks to he accomp l i s h e d  in the reconf i gured U P T — I F S s ,
t i r  l i ly  o t  the al t erna t ives , would he related to instrument fli gh t training.

h . The modific ation of the UPT—IFS complexes would he based on a
compet lt ly e  procurement .

c .  The t h i r d  seat  in the XT— 3 aircraft would not be included In the
si- ni lator; however , the same spacial relationshi ps would be maintained.
This assumption was suggested by Capt Josep h. It is envisioned that the
coc k p i t  are a of the XT—3 w i l l  he l a rge r  than e i the r  of the current  a i r c r a f t
m d  have other than a ~canopy ” access to the pilot positions.

d. Ad d it ional equi pment such as C L ) l i i S j O f l  avo idance , g l o b a l  p o s i t i o n i n g ,
ho.id-tip disp l;tv (Hun) and radar are not included in the UPT—IFSs and are
not ~-ons idt’red in the commonal i t y  percentages .

e. The visual systems w o u l d  he computer generated imagery (CCI) systems ,
r - m t her than t h e  cu r r e n t  terrain model board systems . This a s s u m p t i o n  was
s i t ~~~ost  t’d h~- Capt Josep h.

f .  The cockp i t / m o t i o n  p l a t f o r m  desi gns w o u l d  not increase  the size

~‘t t l i & -  met ion excurs ion  enve lope  and thereb y  impact  the f a c i l i t y  desi gn.
Ite wev er , if the final cockp it and visual disp lay desi gns are si g n i f i c a n t l y
L ir g e r  than t h e  c u r r e n t  U P T — T F S  designs , the  mot io n excurs ion l i m i t s  could
rt ’s l l l  t in facil I tv niodi ficat ions.

ilie toll owing paragraphs di scuss , h l i n e  n u m b e r  I the fact ors invol VOd
in ,- st  ima t i n g  the  e q u i pment  (hardware and s o f t w a r e )  commonal i ty  p e r c e n t a g e s .  —

[hO p c ri;t- nt a g e s  a re  shown on page J—8.

a. T i nt’ la — Changes to the operator ’s sta t ion co u ld inc l ude the keyboard
and the power distribution system. -

h . L i n e  l b  — Hot ion hardware should not be impacted for the XT—l and XT— 2
s m i t ’  t he cock p its are antici pated to he similar to the T—37 and [—38 aircraft.
l i m o  XF — T is envisioned to he a larger aircraft with a larger crewstation

r - - .i w i t  li o t her  t h a n  b canopy fi access to t h e  p i lo t  p o s i t i o n s .

c .  I i n -  I c  — Ni ’  cock pit common1-i litv is antici pated.

II . l iii - Id — An C 1 U 1  gI - s tO t lie cl imp u  t - i t  [emil h ar d w ~i re l,’oll 1(1 he i n  t h ’
H I  - ‘ I~o r e  m e m o r y  and i n p u t  / o u t  p u t  (1  1g) l l a r l lw a re  -

I inc Ic — The i t i s t  r ib to r s t a t  ions fri t h e  1— 3 ~ and 1— 38 si nU t l a te r
,‘-k 1’ i t s I~ I ’ u t . m i n  the simulator p e c u l i a r  c o n t r o l s  and ,-ire adapted to the

p l t - t i~ - i l l . b r  cock p i t s .  T h e r e f o r e , ti e comm on -i l i t y is a n t i c  i p . i t e d .
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APPENDIX K

STUDY COMMITTEE

NAME ORGANIZATION DUTY TITLE

Capt Steve n C. Joseph ATC/XPO Stud y Director
Capt Francis L. Kapp ATC/DOTF Associate Study Director
Maj Berle F. Sullivan , Jr ATC/LGXP Logistics Plans Staff Off
Maj John A. Gallag her ATC/XPQW Systems Acquisition Of f
Maj John W. Davis III ATC/XPTI Chief , ISD Division
Capt Larry W. Buf ton ATC/SDGA Chief , T-37 Program Br
Mr. Al Huber ATC/ACMF Costing Team Leader

WORKING GR OUP

Mr. Jimmie G r i f f i n  ATC/XPO Ops Research Analyst
Maj  Melroy Borland ATC/ACMF Cost Analyst
Mr. Joe H. Lamb ATC/DPXP Personnel Officer
Mr. H.J. Chapman , Jr ATC/DEPR Civil Engineer
Maj M. Little ATC/IGFF Ch , T-37 Flying Safety Br
Capt Sidney Hirshberg ATC/IGIX IC Staff Officer
Capt Ian Cooke ATC/IGIO IC Staff Officer
Capt Bi l ly  J. Ely  ATC/LGXP Log istics Plans  Sta f f  O f f
Capt Dan B. Sassin ATC/LGMAA T—37 Log istics Sta f f  O f f
Capt Daniel E. Pettyjohn ATC/XPQC Cmd Acquis i t ions  St f  O f f
Lt Col Robert D. Hastings ATC/XPMRT Ch , Tra in in g Br
Capt W. tl. Bridge ATC/TTAT Technical Trig S t a f f  O f f

SIGNIFICANT CONTRIBUTORS

Capt Victor J. Holubec ATC/XPMM F Ch , Flyin g Trig Br
CMSgt George F. O’Bryan t ATC/XPM RT Manpower Anal yst
MSgt Jose E.  Gui l l en  ATC/XPMRT Manpower Anal ys t
Lt Col Richard J. Harris ATC/DOTC Curriculum Developer
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AERONAUTICAL SYSTEMS DIVISION

N AME ORGANIZATION DUTY TITLE

G. W. Estepp ASD/XRP Study Manager
R.  J. Maass ASD/XRH D Desi gn Leader
D. P. Breidenbach ASD/XRHD Design
C. F. Quinn ASD /XRHD Desi gn
R . J. O’Brien ASD/XPJID Structures/Weig hts
W. B. Bogle ASD/XRHA Avionics
E. D. L e f l e r  ASD/ XR II I  Desi gn In tegra t ion
3. Ondre jka  ASD/XRH I Design In tegra t ion
G. A. Taylor ASD/XRH I Design Integration
R. P. Carmichae l ASD/XRHP Propulsion
J. E. Brock ASD/XRIIP Propulsion
3. C .  McA tee ASD/XPCEP Propulsion
C. 1-lobe ASD/ENALD Instruments
R. V. Burnett ASD/ACCX Cost
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