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©  SUMMARY |

L4

Problem . , e . . N
The objective of this effort was to investigate the unhty of using an A/F37A T4G T37 flight

_simulator within the context of Air Force Un_dergradua}e Pilot Training (UPT).

S

Apjproach v , ~ : . . . ,
Groups of UPT Etgdents were given basic contact and instrument training using special instfuctional

techniques in the T-4G (in later phases in the conventional T-4 also) and then allowed to complete training’

in the T-37 advancing on a proficiency basis. Syllabus length for sxmulator students was smnlar to
conventional length.

Results ) i

Evaluation was coffiparison of <he flying hours used by T-4G/T-4 students to usual syllabus
requirements. Siulator students saved an average of three aircraft hours in basic contact and an average of
9.3 hours in insttuments. Analysis of total trials on each maneuver by type of training device indicates that

a much greater percentage of the total practice frials was conducted in thé ground trainer during instrument

training than during contact trammg An analysis of the percentage of practice trials failed in each device
suggests that more practice in the trainer on advanced instrdment maneuvers and most contact maneuvers
would have resulted in more gfficient transfer of training.

3

Condusions a . . :

The A/F37A.T4G is an effective adjunct in T-37 UPT, particularly m instrument training. The
conventional T-4, used with special training techniques, can reduce flying time requlred in T-37 UFT

7
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T-4G SIMULATOR AND T-4 GROUND TRAINING DEVICES IN USAF

T~
-~
-

§ - \,

’ . - UNDERGRADUATE PILOT TRAINING

R I
. 1_BACKGROUND,’ &

In ecarly 1972, Flying Training Division, Air
Force Human Resources Laboratory (AFHRL)
¢AFSC), Wilhams AFB, Anzona. supported by the
82nd Flying Traming Wing, Air Training Com-
mand (ATC), Williams AFB, Arizona undertook a
study to determine to what extent a ground-based
T-37 simulator (A/F37A-T4G, hereafter referred
to as T-4G) (detalled descnpuon of the T-4G,
Appendix A) with modest fidelity, two degrees of
motion. and a narrow angle film source wisual
system could be used to reduce T-37 aircraft flying

time in undergrajuate pilot training (UPT). The,

objective of this study was later expanded to
nclude a companson of the refative effectiveness
of this device with the existing nonvisual non-
motion UPT® mstrument and procédures trainer
(T-4).

The pnmar& objective of the study mecessitated
using the T-4G to train students within the con=
texteof . A special syllabus was constructed
for this pufipose. Samples of students from three
consecutive UPTclasses were subjects (S3) for this
study; thus, the study was conducted in three
parts (reférred to as Phases I, I and 111) over a
twelve month period. Phase | Ss used the T-4G
only; Phases 1l and I Ss used the T-4G for con-
tact flight training, but were dmded betw en T4G
and T4 trainers for instrument trijning.’

This report summanzes trainmg results
obtained for all three phases. More detail on
construction of the spegial syllabus, description of
instructional strategies, and trainer capabilities 15
provided in two reports published carlier (Rus/
Smith, & Woodruff,, 1974, Woodruff Smlth &,
Morris, 1974). .

«

0

Il. PROCEDURE

Consideration of T- 4G ca abllmcs sugpested its
use should be limited ‘to the basic contactéand
instrument training segments of the T-37 UPT
syllabus; aerobatics, formation, navigation (VFR
pilotage) and cross-country were judged to be
inappropriate for T-4G training.
*

~

Comparison Techniques

To provide for combarison with - the regular
syllabus, Ss usingythe new syllabus began in the

h]

) ciency on maneuvers.
frozen. A companison was made between aircraft
, hours required using the new gyllabuy versus the
regular schedule and lgetween attained elass scores.

.. LY
Training Strategies -

’ .
T-4G and completed traming in the T-37. In the
T-37, Ss were advanced as they achieved profi-
training hours were not

Subjects

Thirty-two student pilots who had httle or no
flying expenence weré selected at random from
volunteers for this study; eight from class 7306.
twelve from class 7309, and twelve from class

7403 Dunng the course of traiingtleven Ss were”

lost. two self-inttiated elimination, one mamfested
anxiety i the air, four were medically dis-
quallﬁul three were deficient in flying abiity. and
one faded ae adcmlmll\f _Twenty-pnhe Ss completed
the program six from class 7306. seven from class”
7309, and ejght from class 7403.

Instructor Pilots (IPs)

The first group of, IPs were . selected from
volunteers who were regularly assigned to Williams
AFB. These IPs were highly expenenced and,
before T4G instruction began, assisted in the
development of the training syllabus, performance
recording procedures, instructional strategies. and
performance assessmenf critena. In additiont, they
received a thorolgh indoctrination in ‘the theory
and operition of sunmulators, llew several sorties in
the left seat of the T-37 aircraft for familianzation
with the “student’s visual environment and
practied s pneocadh other o the 816G o
deve (jp and refine mstructional  techmgues.
Because of 1P tumover and the use of more Ss
Phases 11 and 111, 1t was necessary to use additional
1Ps. some of whom were much less experienced
than those used in Phasg I. Despite this Jack of
experience and because no syllabus or instruc-
tional strate”y development tume was 1equired. it
was pbsslbl‘. to shorten the length of the mdoctn-
nation period constder .1bl) Under these
conditions, 10 tu 12 traming heurs per 1P’ provided
sufficient orientation.

- L
The standard UPT syllabus provides all students
a scheduled number of houss in T-37 aircraft and
T-4 nstrument and procedures trainers. One or
two trainer hours are scheduled prior to each air-
craft nde .during instrument traming. Airnien

. A

R




instructors are used in the grc;uncftramérs excépt

for procedures traiming. The standard student/IP

ratio is on the order of 3.1 and IPs perform

~ numerous additional duties essential for the
\ conduct of flight training operations

To conduct this study, these conventional
procedures were altered. The more significant
. . changes were: .

1. Ss progressed on a proﬁcxency bas1s in the
aircraft. ,

=2, T4G/T-4 mstruc}lon was given in blocks
The rélative effectiveness of integrated ¥raining
(1e., the normal practice of two periods in a
ground device followed by an aircraft period)
versus block tramning (i.e.. all training in a ground
device followed by all aircraft) was not a research

it facilitated scheduling control and data com-

maneuver 1n the T-37 before he learned it'in a
. ground trainer.

3. 1Ps were used in all ground device training
since only a pilot could insure that a S possessed
the skills necessary to pgrform maneuvers success-
fully on his first trial in the aircraft. In addition,
this procedure permitted the 1P to become knowl-

' <edgeable about his S’s strengths and to redistribute
practite time to areas of weakness, it also pro-
moted IP confidence necessary to permit a S tq fly
complete maneuvers‘éhe first time he was airborne.

4 A/ S/IP ratio of 1:1 was used to reduce
instructoroad thereby providing him additional
time to cope with the use of novel equipment
capabilaties, the applicatjon.of training practices
different from the exxstmg program and to
function as a training manager. In addition,
instructors were relieved fromy most of their
addmonal duties.

o 5. A specxal syllabus of training was written
' for. the T-4G. The syllabus incorporated modern
concepts of the systems approach to training and
programmed’learning in orde; to facilitate student

learning. -
Treatment | N
s+ Ssfromall three classes received essentially the

. same treatment. The batched sequence of instruc-
tion was: (a) basic contact in the T-4G, (b) basic
““¢ontact in the T-37, (c) instruments in the
sxmulat(&r and (d) instruments in the T-37.
Contact and finstruments were blocked separately

to enable Ss to learn contact maneuvers, teachable

. Lot

issue in this study; block training was used because,

parison, and ensured that no S practiced a

-~

only in the T-37, before begipning instrument
training as well 'as to maximize learning in the
simgtlator. To insure completion of T:37 training
by the scheduled graduation date, a maximum
number of training days was designated for each
simulator block; 15 days (22 training periods) for

'.contact training, and 12 days (17 penod$) for

instruments, Figure 1 is a flow chart which
facilitates .comparison between the conventional
ATC syllabus (ATC, 1971) and the experimental
training schedule used in_ this prgiect. These
comparison are .by training day, media used; and
category of learning objectives.

Upon entering the T-37 p?ogram. Ss received a’

block of T-4G contact sorties followed by T-37
contact sorties leading to solo and the nudphase
contact flight check. When judged. ready, Ss
received therr midphase check regardless of the
number of flying hours completed. Fallowing
successful completion of this check, Ss returned to
the simulator for instruinent training in, which
similar procedures were used.

11, CONTACT FLIGHT FRAINING

Training Procedure

All Ss began their training with a block of
contact instruction in the T-4G using the simulator
syllabus. This tramning included some composite

instrument/contact training since the literature

indicates that learning instrument flight skills first
improves efficiency in learning contact flight skills
(Ritchie & Harles, 1964). Procedures training and
academics were unchanged from the regular
syllabus. A ) K

Following T-4G contact instruction, Ss flew the
T-37 where they were assessed for proficiency on
skills: learned in the T-4G, received addition
training on tdsks which required more practige,
and learnéd other tasks not taught in the T-4G;
e.g., the traffic pattern. During this training, IPs
were encouraged to bring their Ss back to the
T-4G if they believed this would be of benefit.

Taple 1 provides a list of simulator contact
maneuvers/l€arning objectives included im the
ongmal expenm/ental syllabus. All maneuvers
shown were taught to Ss in Phase I.Ss in sub-
sequent phases used a slightly altered syllabus
wherein  changes were made to conserve T-4G
time and reduce student load. First, allvtraining in
emergency .procedures was elimjnated. Second,
practice repetitions on composite, tasks and

A
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T-4G TEST SYLLASUS TRAINING DAYS
3, W0
L
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X KTC SYLLABUS TRAINING DAYS
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(FIRST SOLO) (MID pHASE) * ) (FINAL)
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NOTE —-TRAINING ACTIVITY DEFINITIONS ARE A = ADVANCED CONTACT, B = BASIC CONTACT,

MY!ON 1 o INSTRUMENTSS "N = NAVIGATION;
* 0 = OPTIONAL: P = PROCEDURES, S * SOLO, X = CHECK RIDE, AND 3 v FIRST AJRCRAFT rLu;m & L

-
v

® . .
» 1% ’ v
e Iy zgure 1. Comparison of experimental ;md regular UPT syllabi ﬂow by day, peripd, device and type
pf trammg

] .

Table 1. Training Objectives/Maneuvers Taught in Contact |
Trdining Using the T-4G,Visual System

Scene Used .
L S

. 7 7 - o
Emergency Procedurds a . Fundamental A/C Control

Aborted TO Control response
One eng failure on TO Trim
Two epg failure on TO Straight and level
Low altitude restart Pitch, bank and power -
.+ Oneengapch ; CAS straight and Ly
Y Hydraulic faiturg * CAS CL and DST
CAS €L turn
CAS DST turn
Level offs.
Level turns
Change of A/S
Steep turfis «
Traf pat steep turns

ReslosBes R rRev e
&
wn

5

_ Basic Aircraft Maneuvers
Stow flight ::

Takeoff
Straight-in touch and go
Go-around ¢
TO climb ‘
Landing
Traf pat stall .

-

m,-nc(g,-n-n-xgvf

e

-

Note. — Symbol Ddfinitions. F,= filin source, S = sky node, TO = takcoff, apch= Approach CAS = congtant au’spced
LVL = 1cv®; CL = climb; DST = dcsccnt and A/S = airspeed. .

3Composite contﬁctand instrument instruction used.

.

.



) . landings were limited to spc‘.qﬁdd’.'mamnum
~ © amounts., Although such traiging was Ebnamly of
value, neither emergeng procedufes nor .
. composite tasks were included .in the T37‘m1d
phase Loqtmt checkride and, therefore, Lp‘uhi not
contribute directly to a reduction in aircraft fyirlg .
“hours: rcqulred the  primary objective of this”
- E study “Emergency procedures® were -included
LT originally «to demonstrate the utility of the T4G
buf were discontinued when it was determined
that this_ lon-'er syllabus tended to overfoad the
. s}udént suhedulc Simulator landings were himited
2e- " *tovstraight-in p.merns becwse the visual’ systenl
'-hem of wview* (#4° “X~"28%}. did ~not displgy .
“perrpheral cues necessary for oveshead _pitierns.
B . T-Practice .vft straicht-in landmes. i the solator-
, was of limifed value singe fandings were practiced .~
<o, frequently while learning the traffic pattc.m in the,
IV T-37.

. " Results .
) Tablc 2 lxsts average T4G and T- 37 hours used
’ and svdd by UPT classes. The amount .of . TAG
» training tim¢ used in Phase I (Table 2) was reduced
by more than 25% for Phascs I and 1f. This
reduétion in TAG. time did* not'causé «degradation
. in tramning efﬁcnenck as shown by comparing
- aircraft flying hours saved. for "Phases I and II; t.e.,-
"3.9 hours vs 5.1 hours\;espe«,nvcly Table 2 also :
shows that Phase 111.5s savéd-an wverage of only 3

=
. w ¥ )

luble 2. Average Hours Per
b Student Used and Saved in UPT
- Contact Flight Trairing Using °
4 T.4G Trainer and T-37 Aircraft | g

aircraft _hours (17%).. Thls sngmfu&nt dlffcrence
from wthit two previous. groups resulted from
untimely bad yeather combined with the rigidity
mherem in the blocked training approach. Poor
ﬂymg weather forced delays which interferred
«with continuity and as a fesult, more aircraft
refresher training was required.

-

IV. INSTRUMENT FLIGHT TRAINING -

’

Training Procedure

Ss dd not l’C(.CIVe any instrument training
~ Aexcept. for initial "composite practice) until the
-midphase- “coftact check \was passed. The Ss. then

. returned to, the snnulator for training.on the 26

mstrument mareuvers which could be taught in
frainers’ two maneuvers, wing over and aileron roll
were taught only in the an‘craft JAfter findshing

simulator training,.the $ and his lP flew the T-37 ~.

untii the S was ready -for his mstrument check.
Table 3 pr011dgs a list of sirfulator maneuvers/
learmng objegtlves included in instrament training.

Dunng Phase I it was decnded that students
"would benefit fram mureased instruction in the
areas of VOR and GEA. Therefore, the number of

.~ permissible simulator sorties was increased by five -

for class 7403.

PrcliTninary inspection _of results, 'oﬂainéd_
during: Phase I, indicated a high probability of
achieving significant savings in aircraft hours
during instrument training, and it appeared worth-

while to determine what portipn of thosé savings -

could be attributed tg the training ‘device versus
the revised ttaining methodologl.cs‘ and syllabus.
To provide insight into this area of interest, the
treatment of Phase II and Il Ss was changed:

approxunately half of the s for these phases were -

givi® mstrument tn.ﬁnng in the, T-4G and the
remainder weregtraingd m the T-4. "Since the T'4G

%V Class - . T-37 aircraft
¢ T-4G traner T
' Number ne used Used Saved
1306 6., 169 232 39
* 7309 7 118 253 5.1
7403 -8 . 129 27.0
Summary 21, <1397 25.0 3.0%

and T4 tramcr,s were, identical with respect to
cockpit and instrument displays, and because the
T-4G visual ° System contributed only in a
supplementary role to instrument training (low
visibiljty approackes are not a part of the conven-

Note. — Suinmed airdraft hours used and saved cquals
. average hours per student for respective control group. Raw
data per student is provided in Appendix B.

tional T-37 tnsgument syllabus), the only
remaining difference between the two devices was
the T-4G motion system. By conducting half the
+S5 through each device using the same syllabus and

*Represents 10% sivingg 1n contact flight hours over

. current program.
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’ -

ERI
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Table 3. Learning Objectives/Maneuvers Taught in T-37
- Instrument Training Phase of UPT-

- Review .
Straight and level!
Change of A{S
CAS.CL and DST!
" Level-Off' |
- 30° bank turn to HDG!
Basic m§trumenls )
ITO! |
TOCL
Vertigal S
Rate DST |
Unusual attitudes
Steep turns
Confidence maneuvers

VQR usage
“Equip undcrstandmg/operatlon )
‘Homing -
Intercepts

Departures and approaches
Holding .

4

Radar
7 Surveillghce APCH to LNDG
Precisiop APCH to LNDG?

Mission Profile .
ITO and IFR departure
"All check items
Procedures
Radio calls
Straight and level
Change of A/S

"CAS CL and DST -
Turns to headings
Steep turns
Unusual #ttitudes -

Vertical S .
RMI APCH to PHX VOR .
Norton'holding and peitration
- Low and missed APCH .
.. "Radar and missed APCH?>* °

/

Instrument check ride feview ,

Noge, — Symbol definitions: A/S = airspeed; CL = climb; DST = descent: HDG = hcadmg.ITO-
instrument takeoff; LNDG = landing; CAS = constant airspeed; and; APCH = approach.

1 T
Visual presentation used at nmes to enable studeiit to compare attitude instrumesit indications

Lo
vnth outsxde view,

. " 2 Visual presentation used for landing after breakout.
&%Tlnble crosswmds ceilmg and visibility used for realism.

-

R RY 2.
A 2

" attributable to’ specnal hanahng(TA and reyised
syllabus VS T4 and conventional syllabus) “and
contributions of the T4G motion systems (TAG
VS T-4 performance using the same syllabus).

' - -
Results . -
Ss (N = 2) who successfully complet

ed
ment training with T-4G or T4 traﬁnng’ﬁ;ed an 7

average of 9.4 fewer flying hours{45%) than did"
their classmates in the regular pwgram These ,
osavings were achieved using va/rymg amounts/g’ “.
*simulator training; however, in"all cases simula
time was less than that used in the convetitional
. program, T-4G Ss saved an average of 10, i airgraft.
“tours (48%) and T4 S saved-and average of 8:1,4 -
airéraft hours (39%) Table 4/ list$ . ¢raifiing hours -
(used and saved) jp- the T-4G, T.4ang. T3 722THe
difference betweén holirs saved/m IMA'G and

_theT-4xsnotstat|st1ca1fys?eﬁ . . v. d
) P ""“,

-

[

‘y’/

s mebdals e

4

.
-

V. MAN'E'UVER ANALYSIS'

During the course of each dual ‘mmmg S')’UC\ .
whether-dn_ the smulator or in the aircraft. Ss
pracﬁceMarmus m,aécuvers unde{ the_ 1dancc of
#he 1Ps. yfs}mg 4 dpecially. dqune cax‘d 1Ps
recorded/and: score’d “(pass/faily eachftsial on each .
~mangd9er, Thus, at the end of/’trauvgng acomplc(e"
go:ord -of all dual maneuVer pfact'i ¢ repgtions in

th simulators antf a;rl:raft Wgs: -gvailable for each’
patjcipating . S/'An Zanalysis’ of these records
pxﬁvxdes insight’ mto the mihzanon and effective-
fieks’ of T-4G: apd T-4 tralness.’ Smce Ss were
““trained-1q’ proficioncy ot éach imanedver before -
*leaving?, the.,sxmuhtog or befor;e .rgcemng 2
cheeknsitvn- l{/ dircraft, the :otal il ‘number- “of
p);aclx;e&tpé{mc:z equired: fi opiacn mangaver
1 i‘mmngﬁe;;u ireent in the -
sxmul tors 8. e

,.v

e

i 4

o e

)
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3 A {.,, “* . Tuble'd Average Hours Per Student Used and Saved in UPT . o ’

2 , 7 . Instrument Flight Trauqng Using T-4G and T-4 Trainers and T-37 Aircraft :

o v T T s T4G . 1.37 Alrcratt T4 - . T-37 Alrcratt
. Number “n Use¢ Jused T © 7 saved Used . "Used saved .
: L S . RV " . . ’ K -
e P, T8 cL, <6 149 .- 99 iy - :

B ;809 - . 4 . 16.7 ° 114 94 ; ¢ Ll

PR f} .l 3 < e 194 12.8 8.0 .
17403 - 4 - 2.2 18 92
e s g X D, 214 128 o :
/e, . ¢ Summary . 14 . 17.5 . 10.8 10.13 . .
1 S o ' o 206 128 * 8.4P
' ’ ‘ Note, — Smnmed aucraft hours used and saved equals average hours per student for -espectN contro oup.‘ Raw

o ,""" . data by student is proy jded 1n Appendrx B." - R X -
o N
‘;' . N chresentsa 48% nvings in a.ucnft hours normally uscd in m;cn.ment ttaxmng ‘\ .
;’I_ e n - bReprcsents a 39% savmgs inaircraft hou,m normally us;:d for mstrument training, S "
A . o . 8
. . - s
. oay s Manenver zepeqnon ‘data were., exammgd m among the thrge glasses for instrument maneuvers Cv
T seVeraI ways. First, 14 contact and 24,Ln5tmmem_ .. Were significant for both the simulator and.the ~_ .
NN maneuyexs commop to aircraft ang simulators. aircraft with p <.001, agreements for contaﬁ A
\‘,’ ,:.‘ wese ra,nked for each of the three classe;s aocorvdmg . faneuvers were also both significant wn!}p P’ L y
o . Y0 _the toral number of practxce repetitiohs. Thble . These agreements among the three clagses on the e
PP .5 hsts voefficieats of concordance computed, for i amounts ‘of przctxce réquired in the stmufaxor and ]
. cpntact and mstmmesgts in both tﬁe aucra}'t ;md‘ axr,ctaft per maneuver .indicate consistency in .
" the s1tPnTat6r, the egbivalent average Spearman qgtilization of the T4G and T4 by a variety of lPs
L‘", Jank - correia’ﬁons .are also showrr. Agreements and students _ , -
K \\ :” \J‘ S \," o ;‘ i ., L ,:. “.‘ "_- <, -'.‘ . - u- A . .
\\.\‘\\, AP ~::""‘ de i ::,,’_:’-.": ., - AN - T -
DN ’ \ N ) g L « -7 ,
A ) ";\ ) ' ‘7721215,5. - -Qeffi\c%ts'of Concopdance- s e
~ [} . \ . - — - - = . l ) ) . \
. ~ . et P Type of Training N > 3
. P 23 . f — .
\\ ¢ . N fN A A M Mg‘eé.- - Inmmen“ . - Contact
e . Aircraft” w832 gfs=.74*°) C - WEBI (r -71)
AN : ./ - Simulator W=.90( s=.86) J; W" SG ({S‘ 70) § /-
N ’ . ¢ .
N \ . A
N ,\\\\‘; ., e Kendall coefﬁctems of concordance zsxllustntec% by Szgé it 955)
v \\\ . © N\ N Equrvalent avcdﬁe Spearman rank, corce!znons ate prescntcd' in pa.renthescs. )
e v \“‘ . . \, . R
AR NN : e ;
N . Table 6 \vade} a_ summary of al maneuver well a3 its mtr i capabihty as a training dev:c& '

“trials recorded {see note at bottom of Table &), -

dunng the. contact flight traming phase of th¥

“T4G sy The maneuvers are listed in orde( of .
K -‘tota] tridls, dttempted. -Also included are: ?er»

" ceatage of ‘total trials attempted in the 1}4@

. Percentage of TedG trials scored as fafling,- and

percentage of T-37 trials scored as failing With -

some qual:ﬁcaqgns the percentage of total tﬁalﬁ

“recorded i thq T4G 'reflects the ability of the

S, ssimulator to s’ahsﬁl total training’ reqmremen’*s as
RSN
RN vr \
3 v . o
S—‘} :I\')l lF ~ * \‘ \
"’-- A . i
,';4 AN T 10
* . ") FERS
ERIC; A
. ..;" . b -

u,‘ = «

. 4
7 o, -

tran\mg to impart flying skill. Q;),
overtrammg’%,kme maneuvers because of, their
¥ ance {0 safety, (b) extm practice of some
* mareuvers because they are always performed in
tonnection with or as a part of other maneuvers,
“and (c). training for continuity (that is, continued
pracfice, of a maneuver after proﬁcxency has been
< acmeved to maintain satisfactory performance)

)

.
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Table 6. Summary of Trials on Contact Maneuvers®

3

MANEUVER TRIALS PRACTICED -~ - * IRIALS FAILED ,

L T-46 - | 1-37 46 . 1-37

Totdl | | Total Sum | Number l % .| Number p
i 3 o 3 .

(a) ® | @ | @ | (& | | @ | m | )
LANDING , - - 568 | 40 | s8s8 | 1426 | 277 49 333 39
LEVEL OF s70 .| 49 | 603 | 1173 | 280 49 | 105 17
TAKE OFF® ° s38 | 47 | 608 | 146 | 241 | , 45 - 95 16
FINAL APPROACH 692 | 77 | 207 | 899 | 348 50 87 42
STEEP TURNP - . | 356 | 's3 | 318 | e74. | 185 52 90 28
GO-AROUND 233 | 39| 389 | s92 | 0 43 | 28 | 36
TECH ORDER CLD 224 | a0 | 380 | sea | 102 45 4 | 3

8.~ LEVEL TURND a7 | 81| 100 | 517 | 20 8 |- N 1
g TPS, LANDING 161 | 38 | 25 | 426 63 39 36 14
10 7pS, NOSELOW  |* 196 | a8 | 212 | 408 | 108 55 78 37
11 TPS, PITGHOUT | 199 | 49 | 205 | 404 | 109 55 68 13
12 TS, KOSEGHIGH | 178 | 49 | 185 | 363 77 43 | s | -30-
13 STRAIGH/ LYL 258 | 71| 103 | 36 N4 44 2 2
14 sLow FLdGHT 195 | ss | 17 | 352 90 46 22 14
UM 4785 4520 | 9305 | 2296 nss |
PERCENTAGE - 5] 49 |. - : 48 ~ 26
% RANGE 38-81 19-62 " -- | 39-55 2-42
g
T-4G ONLY MANEUVERS
—~constnT Ass o [ 283 | 7] -- 253 |- s | 45 .- -
--CONSTANT A/S CLP | 223 -- 223 |. 9 43 -- -
SUM AVX " 476 -- 76 | | Ca .- --
3 - . A
. I T-37_ONLY MANEUVERS .
--PATTERN, OVERHD | -- 752 752 - - | 38 &
--PATTERN, CLOSED -- 375 375 | ¢ -- - | 7 3
--PATTERN,. ONE ENG | -- | m N P 19 38
--LANDING, ONE ENG | -- 250 250 -- - .} 58 23
--DI¥E RECOVERY - 187 187 - -- 33 23
--INV RECOVERY -- 176 76 | - -- 18 10
~-VERT RECOVERY - | 169 . | 169 -- .- 52 30
--ST PWR STALL - 1 160 160 - | - 80 50
--TURN PWR STALL - |3 138 -- -- 62 25
SSPIN - 123 | 123 | -- -- 45 37
--SPIN PREVENT | = == 121 12) SO 29 | o8
- --APRCH, NO FLAP -- 29 29 -1, < 16" 55
--LNDG, NO FLAP , -- 22 2 | | .- 12 55
SUM/AV % $ 2813 2813 1036 37
. (2]

NOTE.-;- (N=21) " Definitions: TPS=Traffic Pattern Stall; CL=Climb; LVL=Level;

A/S=Airspeed; Dc=Decent; INV=Inverted; Vert=Vértical; ST=Straight; and LNDGe=Landing.

Letters in parenthesis identify columns for reference in text. 3Data reflect all ]
trials recorded: T-46 gata is comptete but 7-37 data is based on data cards from
80% of total sorties. PContact maneuyers in which simultaneous instrument-contact
references were taught when teaching comysite .Lrosscheck.

0y -
A"

. ‘ - 46 .
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Colutun (c) of Table 6 provides the percentage
of the total trials completed in the T-4G and
shows the effect of limited peripheral cues,e.g., all
maneuvers in Which these cties aje imgon int
required proportionally more practice in the
aircraft. Using these percentages, the contact
maneuvers appear’ to fall in three groups’ as
follows: (a) le tns, final approaches, straight
and level, ml and steep turns (53% to
.81%); (b) level offs, traffic pattegp stalls, pitchout.
nose low and nose high, and takeoffs (47%—49%);
and (c) landings, tech order climbs, .go-arounds and
landing traffic pattern stalls (38%—40%) These’
data support_ the requirement for' additional
peripheral cuing in sinwlators if more contact
training is to be achieved. There are some reversals.
but these are believed explained by the comments
made earlier cpneerning totad traiming requnre-
ments.

Columns (b) .md (d) of Table 6 show the to1al
tnals on each maneuver by training device. A
Spearman correlation coefficient (Siegel. 1956)
was computed for these “data to estimate the

. degree to which the rankings in these two eolumns
agree. The obtained éstimate. 's = .37, is consider-
ably lower than agreement of, the three classes
within «the simulator~or aircraft. This correlation
suggests that emphasis given to the various
maneuvers was not the same in the aircraft and the
simulator. The difference may be attributed to
either or both of two factors the simulator was
differenf from the aircraft andfor learning which
oecurred in the simulator differentially altered the

,amount of training required in the aircraft. The
truth is yprobably a combination of these two
factors.,The fact that learning occurred in the
simulator is evidenced by the flying hour savings
realized, but more icamning occurred on some
maneuvers than on others. .’

Because repetmon data for some mam.uvehs are

' “inflated by total training requirements. analys® of
total repetitions does not reveal training effects of
the simulators’ characteristics per se.; However
analysis of failing repetitions alofe (mther than
total repetitions), provides revezhhgmformauon
* Failing repetitions by themselves reﬂéct*only the
students’ progress since training requlremcnts for
continuity, as part af other mant:uvegs and for
maneuver importance are usually not failed. Thus,
training, which is performed for reasons other than
the student’s rate of achieving flying skill, is
eliminated and the effect of equipment
characteristics on student progress can be seen
more cleafty. (IP emphasis is probably not

eliminated since 1Ps tend to be More demanding
when they consider a maneuver impJ¥eant.) Tt may
be assumed that the more frequently a maneuver is
fadled, the moré Slowly consistent . proficient

performance is sttained. . -

Data in Table 6 show the percent of practice
trials failed for béth simulator (column g) and
aircraft (column i). An average of 48% of all T4G
-trials were failed as compared with 26% in the

aircraft. The higher percentage of trial failures m

te T4G is probably due to the sequenc
anstruction wherein learning began in the simul
and continued until criterion _performance
reached. When these same maneuvers were then
practiced in the aircraft
understood and, 1n some <ases, mastered.
Contnbuting factors can 3lso be speculated. For
example, the structor pilots indicated the T-4G
was somewhat more difficult to fly than the air-
craft..Also, failing scores could be recorded in the
simulator without supporting administrative paper
work (.t.e.. pmk slips) as required in the aircraft.
In any event, the reduction mn failure rate appears
to reflect learning ip the simulator. since the aver-
age failure rate for nonT-4G maneuvers was 37%
as compared with 26% for T-4G/T-37 maneuvers.

The percent of failed trials for T-4G maneuvers
ranges from 39 to 55% (Table 6. column (g)); the
range for aircraft trials on the same mancuvers is 2
to 42% (column (i)). An inspection of this 2
42% range feveals two -distinct dxsmbunons
acither of which include the mean; their ranges ae
2 1o 17% and 28 to 42%. ldentification of the
specific maneuyers iricluded in each of these ranges
reveals that, with one exception (maneuver 5,
steep turns), all the maneuvers in which
simultaneous instruments and contact training was
used- fall into the low aircraft error. oup
(02--17%). While these maneuvers aré ‘Probably
easter to learn than those in the higher error range
group, the size of the differences scems to support
the efficacy of early instrument training.

Table 7 provides a summary of all'maneuvers
trials recorded during the instrument training
phase of the T-4G. study. Again, the maneuvers
(column (a)) are listed in order of total trials
attempted (column (e)). Trials for botlr T-4G and
T-4 trainers. were combined since for purpose of
-instrument training the trainers are considered
equivalent. , =

In Table 7 the difference between the percent .

of manecuver trials practiced i the trainers and the
aircraft (67% versus 33%, respectively) and the

they were already,
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“Table 7, Sumr);ai'y of Trials on Instrument Maneuvers®

. r ¥
’ MANEUVER TRIALS PRACTICED . TRIALS FAILED
746 [ T1-37 | | 7-46 7-37
¢ Total | 4 Total Sum Number | % Number £
. Pl v
(2) . (b) Wle) {d) (e) {f) (9) {n) (1)
1. LJEL OFF 66 | 7a] 278 | 1038 215 28 26 09 .
2 TURN TO HEAD 579 | 63 | 344 923 98 7 32 09
3 UNUSUAL ATT 546 | 67 | 267 813 133 24 26 10
4 CHANGE A/S 's90 | 74 | 202 792 144 2 10 05 : .
5 STEEP TURN 4 a9 | s8 | ‘315 7% |. 99 23 3 I 1N .
6 CONSTART A/S CL 10 | 73| 181 561 95 23 14 09 -
7 TAKEOFF 34 | 73| 135 | , 499 36 2 8 | 06
8 TECH ORDER CL 314 | 68 | 148 462 80 26 14 | .09
9 VERTICAL S-A 3 F6g | 138 | 449 133 43 15 1
10 VERTICAL S-D 28 | 70| 18- | 429 15 40 18 1
N ¢ M -
11 VOR MIS APRCH 230 | 54| 197 427 118 51 .3 16 .
12 STRAIGHT & LVL 27 | &1 | 78 405 56 ¥ 1. 01
13 RADAR FINAL. 269 | 68 | 124 393 158. 59 . 7 14
14 VOR INTCPT, OUT 231 | s9 | 181 392 a2 18 12 07-
' . 15 CONSTANT A/S Dc 256 | 66 | 131 385 . 47 19 REEN T
¢ 16 RMI INBND 26 | 65 | 132 378 3 I Y 10 08
17 YOR PHTRATN 212 | 60 | 139 351 122 ' 58 28 t 20
R /18 VOR LOW APRCH Mm | e | 137 248 17 55 2 19 )
. 19 VOR HOLDING 200 | 60| 137 346 79 8 20 15
20 VOR“INTCPT, IN 187 | s9 | 13 318 4 24 15 n
) 21 RMI OUTBND 125 | 66| 65 | 1% 39 3 ‘g | 12 )
, \ 22 RATE DSENT . 00 | 60| 68 168 36 36 9 13
¢ , 23 VERTICAL S-8 69 68 33 102 34 9 |. 5 15
24 VERTICAL $-C a1 || | sz 7 Q 3 7 .
SUM 7306 “F. 3659 | 1eess | 2178 ‘305 | .- L. .
. - .- PERCENTASE 67 33 ¢ 30 ‘N 4
) % RANGE 54-81 18-46 : . 17-59 " | | " 101-27 ,
7-46 ONLY MANEUVERS
., --RADAR MISS APRCH 201 - 201 106 | s3 - -
--IFR LNDG 65 - |.vs5 .12 26 .- --
PA
P ' 7-37 ONLY MANEUVERS ' ; : ;
--NINGOVER - 174 174 - | Fe 25 1
--AILRN ROLL - 172 172 - NN T 09
TEE 7572 4005 | 1577 | 2300 ' 35 |
PERCENT 65 138 - - .| - n

- NOTE.~ (N=21) Definitions: A/S-Mr§md; CL=Climb; Dc=Decent. Letters in parenthesis
identify columns for reference in text. 30ata reflect all trials recorded; T-45 data is
conple\te but 7-37 data {s based on 80% of total sorties.’
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refatively low failure rate for alrcraf( tnals (11%)
reflects the effectiveness of groundl devices in
achieving instrument flight traning objectives. In
addition, a Spearman correlauon coefficient to
determine the agreement between colymns f and h
("s = .73) 1s much higher than for contact tramning
and approaches that of the three classes within the
simulator or aircraft.

Inspectit')'n of the errors recorded by type of
maneuver provides additional insight into training
emphasis. For example, the instrument maneuvers
may be grouped into three general categories.
These are. (a) basic airwork, (b) more complex
vertical S maneuvers, and (c) radio and radar
navigation and approach maneuvers. Summation
of the faled trials by this categorization reveals
the following percentage of total tnals failed by
device (columns 2 and 1) (a) 23% versus 9%. (b)
42% versus 12%, and (c) 40%  versus 14%,
respectively. for trainers versus aiffraft. These
comparisons indicate that, as a, result of practice
on similar type contact maneuvers, basic mnstru-

ment maneuvers were learned to a high level

ground tramners and few errors were made in the
aicraft. However, category (b) and (c) maneuvers
were leamed to a lesser level in the tramner with a
resultant increase”in faling aircraft tnals. Since
there 1s no reason to reason to suspect trainer
fidelity is any less 1 radio work than basic air-

. work. these data indicate that more time spent in

the trainer on radio navigation, low approaches
and vertical Ss might have resuited 1n 1mproved
transfer of training. ‘

A comparison between the percentage of total
trials by device in contact (Table 6) and instru-
ment training (Table 7) leads to a similar

conclusion with respect to utilization of trainer

time. These data indicate that if training time on

contact maneuvers had been coritinyed until
higher criteria and less variability 1n performance
had been achieved (such as the 67.33 ratio of
trainer to aircraft tnals reported in nstrument
traming), more efficient transfer would have been
achieved in contact training.

Additional support for the suggestion that more

_ practice in ground- trainers would be expected to

decrease requirement for aircraft training is
provided by . exammmg the average number of
practice trials per maneuver by device. Data from
Table 7 indicate that fur instrument maneuvers
practiced in both simulators and aircraft, 304 trials
were used in the simulators and 153 tnals in the
aircraft. Similar data from Table 6 for contact
maneuvers show 343 trials for the simulators and

°
L d
’

2.trials for the aircraft. However, for maneuvers’

reponed in Table & pracUced onlz in aircraft. the
figure is 251 trials. From’ these figures, it appears
logical that if a ratio between total simulator and
aircraft trials of 2.1 had been achieved in contact
training (as in the instrument phase, i.e., 304.153)
the average errors per maneuver could have been
reduced from the 323 achieved to somé figure less
than that achieved for aircraft only maneuvers
(251) and perhaps close to the 153 trials per
maneuver reported in the instrument phase.

3

V1. DISCUSSION ’

Visual System -

A specific objective of this project was to
evaluate the effectiveness of the electromc per-
spective transformation (EPT) wisual system -in
UPT contact flight traning. The film portion of
the EPT did not proye effective within the context
of UPT_as defined for this study. Data obtained in
this project indicate _that beginning students did
learn to perform strdight-n landings, takeoffs, and
touch and g8 landinfs, three of the first four
students trained werd, able to land the aircraft
successfully on the firgt try. However, no savings
were demonstrated in landings or takeoffs (Table
6). These data suggest that flying the 360° over-
head patfeln (excluding landings and takeoffs) is
at least as difficult as learning to land the aircraft
and that potential savings were masked by the
relatively high amount 6f T-37 time required to

leatn the pattern. (Intuitively; we believe that even. -

if such a data bdse had been available, a relatively
low transfer would have been obtained since the
essential cues for precise contact traffic patten
flying do not occur in the forward field-of-view.)

The horizon scene proved to be effective in

teaching basic air wosk and 1s responsible for most .

of the hourly savings feported in contact-{raining.
The utility of this visual scene was limited by its
field-of-view since only maneuvers in which the
horizon was visible could be practiced: for
example, complete stalls could not be practiced
since no peripheral cues (directional or wings level
references) were available in the visual display, and
at the highest pitch position the horizon .dis-
appeared from the forward view. - .

The capability to enrich instrument training by
providing reduced ceilings and/or visibilities at the
end of an instrument approach could not be
evaluated since low approach breakouts are not
performed in T-37 axreraft by pilot traifees.

>
»,
-
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Subjectively, it was the opmion Of the IPs, the
project supervisors, and numerous visitors that this
capability provided a realistic scene of great
training potential. .
Motion * . .
Comparison of sfudent performancg during
* instrument training, as presented in Table 4, shows
that Ss using the T-4G saved two aircraft hours
more than those using the T4 (10.1 hours versus
8.1 hours: not statistically significant). This
suggests that motion cueing of the level provided
by the TWG (a relatively hmited sy;stem) was not a
mgmﬁ«.ant factdr 1n increasing instrbment training
transfer. The possx’ole contribution of motion to
transfer of contact tramning was not addressed.
(However, an IP 1n the first study reported that
when a student’s performance on final approaches
was below a previously learned level and it was
learned the motion system had been inadvertently

trainers. From these data, it is apparent that the
"basis for having achieved significant savings in
instruments was the training package and that
similar savings could be expected with any device

. possessing fidelity equal to that of the 15-year- old

T4.

Administrative Problems .

While the results of this project were highly
successful, its conduct was not without prob}ems
[P manning was one of these. We considered it
necessary to use an IP/S ratio of 1:1 in this study,.
The ‘usual IP/student ratio is about 1:3. If the
program used in this study 1s to be implemented
operationally , manning may be a problem. Current
experience has shown that T4G type training can
be integrated into the UPT syllabus with less than
al.l IP/student ratio. However, it has also shown
that ratjos larger than those commonly used are
required.

left off; when it was activated his performance\ a
rapidly iniproved to the previous level.) Motnon\ :
sickness in simulators sometimes occurs whén -

Determination of student

visual cues depicting apparent .motion are
presented without normally expected motion cues
(Puing,, 1970). Since no sickness by IPs or students
occurred, the presence of ‘motion” may have been
beneficial in contact training.
Instrument Training :
Two questions were of  interest relative to the
use of the T4G in instrument training. (1) could
T-37 aircraft hours be saved t gh use of the
T4G, and (2) could quality of
be increased. Results of this study indicate that
the T4G and 1ts associated revised training
package can be used to save ‘aircraft hours.
Obviously, were the “saved” hours applied to

e UPT graduate,

further training, quality would be improved; e.g.,

' practice on hew problems such as strange fielg

approaches and low minimum approaches would
provide a more polishéd inpitt to T-38 training.

Training Package

Evaluation of the T4G provided an’ opportu
aity to incorporate into a total training pa%il
many training methods known tq be of val

increasing training efficiency, and the results were )

very effective. However, of even more practical
significance were results obtainéd using students
from classes 73-09+-and 7403 in which sirfilar
savings were achieved using the same training
methodologies with existing ‘T4 instrument

V)

classpstanding is
-another administrative problem' Sm{i to a great’
extent, class standing determines wh& gets first
choice of ' assignments,” students are concerned
about how-it is derived. When progression on a
proficiencyC basis is incorporated in a training
program,. the student who reaches criterion t
(as indicated by a passing chéckride- score) w
always wonder what he could have achieved had
he flown more’ time. In this study, a mathematical
scheme based on airctaft hours saved, was used to
réward students who completed training ,in
reduced hours (Cyrus & Woodruff, 1974). Table 8
provides a summary of raw and revised check
seores received by subjects in this.study. This
controversial issue would have to be addressed in
an operational program using pioficiency
advancement. -

It hat been suggested that the blocked training
concept used in this study miglt be impractical at
a bad weather base. While some problems did
occur because of rigid adherence to the study
schedule, it is believed this problem can. be
circumvented through a combined use :of more
blocks, less rigidity and administrative authority
to prowde flexibility in student entry and exit
dates. - )

. There is also the problem of indoctrinating an
inexperienced instructor into a program which
requires use of judgment as to when a student

-should ppogress. The buddy-IP system (used in the
* latter phases of this project) proved effectlve in

‘reducing this problem
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) "Table 8. Comparisorr of Experimental and Control Group : e
¢ ) Averagg Check Scores -
- Contact — Midphase tnstrumerts — Final  * N
. . Experimental Experimental
Class Contro} Control v -
Number 4 Group Raw Revisedd Group Raw ‘Revised? .
7306 76.1 777 78.1 87.1 842, ¢ 871
7309 76.1 - 74.7 75.4 84.9 84.5 85 ¥
7403 71.9 77.6 78.0 88.2 87.8

N : ) 8?70

*Revised m'accordance with technique reported in AFHRL.TR-74-91, in press.

&
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all. SUMMARY.‘AND CONCLUSIOY‘}S

The objective of this study was to deternune if
the use of T-4G technology (using a 1-37
simulator incorporating a film base visual system
and a4 two DOF motion system-device A/F37A-
T4G) i UPT would result increased tramning
e‘fﬂuen\.) A revised syllabus and a spectal treat-
ment’ incorporating suitable traming method:
ologies were developed. Three samples of
begmnmo UPT students were tramned using thc
revised program and their performance was
compared with the remainder of their UPT classes  ~
‘using the conventional syllabus.

~ Combined results from the three classes,
involved demonstrated that T-4 methodology
resulted in T-37 flying hours savings of an average
of three hours per student in basic contact, and an
<3Verage of 10.1 hours per student in instrument
training. \

As a result these findings (obtaned with the
first of the three classes mvolved). it was decided
10 also investigate to what extent similar savings
cuuld be achieved in the instrument phase using
the ncewly develuped traming prozram with
conyentional Tyt InStrumgnt trainafs. An average -
sajmgs of 8.1 hours ot f“'3 instrument training
was achieved.\{

The most significant of the above findings 1s
that - agplication of the revised training proeram- .
vith existing equipment can achieve an average
savings of eight T-37 aircraft hours per student.
Whether or not, these hours are eliminated to
reduce wost» itd wonserve energy or used to teach
other training objectives, thereby turning out a
better product to using contmands, is I prerogative
uf ATC and Air Force management. However, the
implication 1s clear, a more efficient tramning
programn using-existing equipment 1s possible. only
administrative action to ioplement the changes 15
requnred -, .

16

.

With respect to evaluation of the T-4G visual
system it is conciuded that a production model of -
such 4 vjsual system could be used un a modest or N
better tidehity simulator to achieve savings of three
to four aircraft hours in early contact flight
traimng in UPT. A deternunation as to whether
these projected savings wuld justify procurement
of such devices «.ommand wide would require a .
delmled cost companson -

~The use of this dype visual systent to enhance
instrument traing can only be’ addressed
subjectively, since constraints in UPT did not
permit quantative evaluation ip this role.
Subjecnvely people who have flown, or observed,
the device agree that the capability to provide
realistic bad weather nstrument approach
breakouts does exist an.? could prov1de significant
!

training value.

/
/
N . |

v /
‘. © VIIL IM/PLICATIONS

i /
i
he implications of these study results are:

Significant increases in instrument traiffing
efficiency in UPT Ciff be achieved in the current
program by incorpurating the revised syllabus and
tmmmg method¢0g105 devaloped in this project.
The| réSiltant sayimgs could be converted to dollar
andfor energy ‘reduction, or training in other
learfing ctives to improve the product

2. The majoﬁ thrust of the findings of this
study concerns syllabus revision and revised
instructional strategxes fBr which additional
research is notA required to justify adoption.
Shemlar act; {hould be initiated to revise the
T-26 mstrurg'ém training phase of T-38 UPT?
training and to e wew any other USAF instrument
training program which has evolved over the. years
and not through modern instructional system
development (ISD) ‘eff\orts. The potential for gost
*savings in such programs (where the cost
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differential between airgraft and simulator is nuich
larger than |n T-37 alrcmfl) is significantly higher...

3 All mstrument and procedures training

progranis developed using ISD technidhies should

° be reviewed: to*’msure maximum use of training
,stgategles‘demonstrﬁted in this project.

4. Planning for procurement of new ground
training devices. incorporating visual systems
shduld include an extensive examination of the

Vitralr)ingm'ojectlves_ expected to be assigned to the

4 . ., 5
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° © APPENDIX A. A/E37A-T4G DESCRIPTION . ,
’ e The T-4G is an updated ME-1 trainer modified to accommodate a Singer SPD Electronic Perspective

. Transformation (El’l") visual system. The ME-1 1tself 1s essentially 2 T-4 instrument trainer mounted on a
' two degree-of - freedbm motion base. Figure A1 is an artist’s concept of the T-4G.

' L

~ 9
* // , -
‘ 0 » ’
: i —& - .
‘ , FLIGHT LINKAGE DIGITAL ] .
>  MONITOR : . “ s .
Yo Ty cHassIs s I /
9
I 4
- ¢y O, ¥ FILM
X, Y, Z DRIVE DICHROIC
R ELECTRONICS BEAMSPLITTERS
\ / \\
. — A
TRUE - 4 .
PERSPECTIVE -1 .| ®eo )
COMPUTER | GREEN UE
. , — ' PM PM PN
i SFILM
TRANSP :
. SWEEP \Y\RANS ORT -
i GENERATOR \ EN
- “SHAPED VIDEO AMPS- |
. . ___ RASTER" L
5 ‘ », L . SWEEPS AND
N o e PROCESSING N
. SN GENERATOR . ' {
‘ VIDEO . i
Figure Al Artist’s concept of the T-4G. AR
" * - .. .
. A ' 3 ‘. ' ) . ’ * 4
. . Following is alist of the major simulator components: \ /-
Modern Microelectronic Computer B . }
T-4 Cockpit . .o
Two DOF Motion - R . s . .o
EPT Visual System » .
External Operator Station
. . Internal Instructor Station ° fot
et T e mo]Fon system moves 5.5° pitch, % 8.5° in bank, and vcmcally +6” :}m —4’|. The visual
display field of view in 44° x 28°, and thc image is provided in full color at infinity. Image ggneration for
, the visual dlspfgy is obtained from two'sources: color movie film, and an electronically‘generdted horizon .
» dlsplay An gpproach, landmg, and takcoff movie sequence fi fi Imcd at Wnlhams AFB pro;cctcd n the visual .

system provides. normal stranght -in approached from four miles out, no ﬂap and smulatcd ingle engine
conﬁguﬁons touchdown, landing roll ; and takcoff to 500" AGL. .
@
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The electronically-produced visual scene showing a honizon defined by blue sky and a cloud deck is
provided for airwork, horizbntal translation is not provided. Display mmage motion capability® of 360° i
continuous motion in pitch, roll, or heading permits acrobatic practice m the simulator, however, the
limited motion cugs and field of view detract from realism.

In addition to motion and visual cues, the T-4G includes a cgfipite nav/comm system and the
capability to.produce aural cues such as wind, engine sound ; landing £ear warning, system operations, ctc.

Aids for instruction included at both operato nd mstruct
simulator during a mx}snon and to reset to a preselecte

station are the capability to freeze the
within a matter of seconds.
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APPENDIX B. T-4G[T-4/T-37 DEMONSTRATIONS

* ]
Table BI. Summaty of Hours Used or Saved/Device/Student in
Three T-4G/T-4/T-37 Demonstrations

CONTACT AIRWORK INSTRUMENTS

DEVICE T-4G T-37 | 1-37 T-46 <« T-37 T-37 N4

HOURS USED USED SAVED § "USED USED ‘SAVEQ‘ USED,

AD

g

10.4 6. 13.
13.7 9. 1.
14.5 11. 9.
17.5 12. 8.
16.2 11. 9.
17.0 6. 14,

»

S1 .3y 25,
52 . 21.
$3 . 22.
sS4 : 22.
$5 . 25.
S6 . 22.

CLASS 7306

101.5 139.
16.9°  23.
: (27.

89.3 . 58. '66.5
<o, 1.

[ZSH NS, § =W O

T 23,
T2l
3l.

24,

29.

23.

9.
-10.

7.

9

WO »—O

" CLASS 7309

4> W o
~
-— e

o'a(‘
— ettt ) ol o ]
RO W N R R RN RO RN
00 U1 GO €O 0O 00 00 OO
- >
Pl ==
WO lrmwommoom~

CLASS 7403

103.1 215.
12.9  27.
. (27.

287.2. 532. . )
13.7 25. ) 17.

w O o NI WO~ O
t
(]

9.3 21. . 4
13.5 -+ 3. . 22.

.« e P « o « s e s
~NO o O QO > 00 T O

+ 3(0.0) = Average hours used by non experimentad students by class.
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