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A BSTRACT

The U. S. Army has a continuing interest in increasing the efficiency

of its flight training . One means of improving flight training is the use

of flight training devices and simulators. Four examples of flight train-

ing dev ice rese arch implementation are discussed . Emphasis is placed in

these imp lementations on the utilization of knowledge of the principles of

human learning behavior in the design and utilization of devices. Devices

discussed include.

1. A 4/10-scale paper reproduction of the tJ-21 aircraft instrument

panel and controls for use in the teaching of cockpit procedures ;

2. A relativel y inexpensive full-size cockpit procedures trainer

for the U-2l aircraft ;

3. A captive helicopter training device suitable for the teaching

of hovering maneuvers , and

4. The Synthetic Flight Training S’~stem (SFTS), a system of heli-

copter instrument flight simu lators embodying the latest training and hard-

ware techno logy.

The nature of the helicopter training requirements at the U. S. Army Avia-

tion School is discussed , as well as the critical need for more efficient

training equipment .

Helicopter training 

~~ \ \ \ \
Training devices ~~ —‘-~~~~ \ ~ ~~
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PREFATORY NOTE

This paper is based on a briefing presented to Mr. N. G. Bittermann ,

Deputy Under Secretary of the Air Force for Manpower , at the Pentagon on

21 June 1968. The briefi ng was requested by Mr. Bitterinann so that he

and various DoD , USAF , USN , USMC , and USA per sonn e l could be informed

about Army flig ht training device research applications and the status of

the Army ’s rotary wing Synthetic Flight Training System (SFTS).

In addit ion to Mr. Bittermann , the followi ng persons were in attend-

ance:

MAJ Ralp h E. Fl exinan, Office of t h e  Depute Under Secretary of
the Air Force for Manpower

Dr. Ralph B. Canter , Office of the Assistant Secretary of Defense
for Manpower and Reserve Affairs

COL James K . Johnson , Director of Individua l Training (Acting) ,
Manpower Planning and Research Office , Office of the Secretary
of Defens e for Manp ower and Reserve Affa irs

LTC Ben L. Harrison , Office of the Assistant Secretary of Defense
for Manpower and Reserve Affairs

Mr. Edward A. Schroer , Office of the Assistant Secretary of
Defense for Systems Analysis , Pilot Anal ysis Division

LTC Rodn ey P. Mckitrick , Office of the Depute Chief of Staff (Air) ,
Technica l Manpower Requirements Branch , U- S. Marine Corps

LTC Kyle W. Townsend , Office of the Deput y Chief of Staff (Air),
Technica l Manpower Requirements Branch , ii. S Marine Corps

Mr. Merle H. Gorder , Office of the Chief of \ava l Operations

LTC James F. Smith , I) irector of Plans , Office of the Deputy Chief
of Staff for Plans and Operations

LTC Robert  Gerry , Office of the Depute  Chief of Staff for Per-
sonn e l , Traini ng Devices and Instructional Technology Division

— —.~~~~.--- --- ~~~~~~~~~~~~~~~~~~~~~~~~ —V.- --



The briefing was presented in three parts: LTC Conklin introduced

the briefing proper; Dr Caro discussed four specific examples of Army

implementation of HuinRRO training device research; and MAJ Buttner dis-

cussed the current status of the SFTS and the nature of the U. S. Army

Av iation School’s rotary wing training program. LTC Conklin represents

the Chief of Research and Development , Department of the Army , in matters

of human factors interest in Army training device developments. Dr. Caro

has been responsible for the direction of HumRRO Work Units ECHO, ROTOR ,

and SYNTRA IN , which have been concerned with various aviation flight

training device research problems The content of his presentation is

based on research conducted under these Work Units Dr Caro prepared

the original statement of requirement for the SFTS at the request of

the U S. Army Aviat ion School. Since that time he has continued to

work with various agencies in the development of the SFTS, MAJ Buttner

is a member of the U. S Arnie Aviation School Training Device Secretariat

and is the School’ s proJect officer on the SFTS- In this capacity, he

• has represented the Schoo l to the various agencies involved in the SFTS

devel opment , particular 1~’ with respect to the detailed nature of the

Sch ool ’ s traini ng requirement

Training devic e research represents a major area of emphasi s in HuinRRO

training research This is reflective of the importance attached to such

research and to the imp lementation of modern training technology by the

U S. Army .
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APPLICATIONS OF TRAINING RESEARCH
IN ARMY PILOT TRAINING DEVICES’

INTRODUCTION

LTC Gordon C. Conklin
Chief, Human Factors Branch , Behav ioral Sciences D ivision ,
Office of the Chief of Research and Development , Depar tmen t

of the Army

Mr. Bittermann . Gentlemen.

I am LTC Conklin of the Office of the Chief of Research and Development ,

Department of the Army. The Army welcomes this opportunity to present to

the Air Force information concerning some of its current research efforts

in the field of aviation training devices and simulation.

Th e Army, as do all the services , is constantly seeking means to improve

its training . The advent of hostilities in Southeast Asia and the new air

assault concept of operations have lent further impetus to such efforts and

have pointed up the need to augment our training capabilities for helicopter

pilots. For a number of years the Human Resources Research Office of The

George Washington University--better known as IluniRRO--has conducted research

on training and training device requirements under contract to the Army .

HumRRO has carried out training device research studies in a variety of Army

training situations . In many of those studies it was noted that the devices

being utilized for training had become obsolete. Aviation was one such area

in which device obsolescence was a significant problem.

1The research described in this paper was performed at HumRRO Division
No. 6 (Aviat ion) , Fort Rucker , Alaba ma , und er Depar tment of the Army con tract
with The George Washington University : the contents of this paper do not
necessaril y reflect official opinions or policies of the Department of the
Army .
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For a variety of reasons--moTley and relativel y simple aircraft , for

example--the Army had not kept up with the aviat ion device state-of-the-

art. The flight training devices we had were unsophisticated , and , by

and large , were acquired from the other services, Some devices were

being cannibalized in order to keep others in operation , because industry

no longer made or stocked the spare parts for them , In the 1960s , how-

ever, Army aviation began to change marked ly, in terms of both the size of

the program and the comp lexity of its aircraft . It was with this background

that HumRRO began its aviat~ on ~xaining device research program .

HumRRO research indicated that in many training device areas industry

was ahead of the services For examp le, the airlines were using new tech-

niques for their pilot training programs that were often superior to what

the Army had to offer. One of the most notable such techn iques was the use

of flight simulators. By comparison , Arms’ flight instruction was suifering .

The greatl y expanding helicopter oilot training program led the Army to

recognize that innovations were in order. t)evelopnent efforts in the field

of training devices and simulation were needed . Therefore , at the request

• of the U. S. Army Aviation School , the 1!umRRO Aviation Divisio.-. prepared a

Qualitative Materiel Requirement (QMR) for the Synthetic Flight Training

System , commonly called the SFTS Subsequentl y, the Chief of Research and

. .  Development directed that a Technical Development Plan be prepared to guide

• the future activities on the SFTS.

The major advi~nces represented in the SFTS are, in reality, training

technology advances , rather than hardware advances. Consequently, to make

sure that the advanced training technology conceptions involved in the SFTS
I. 
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are properly imp lemented in the design of the sys tem , the  Ar my has

reques ted  HumRRO to appr i se  the Chief of Research and Development of the

progress  of human f a c t or s  and t r a i n i n g  technology a c t i v i t i e s .  S p e c if i c a l l y ,

Dr. Paul Caro , of the  HumRRO Aviation Division at Fort Rucker , Alabama ,

who prepared the orig inal QMR , ca r r i e s  out this responsibility for HumRRO.

Dr. Caro will work closely with the intended users of the SFTS, as well as the

develop ing agency , to insure that the system will meet the training require-

ments of the Army .

At this t ime , Dr. Caro will describe several examples of Army imp lemen-

tation of the results of HumRRO training device research , with emphas is on

the SFTS. He, in turn , will be followed by MAJ Victor Buttner of the U. S.

Army Aviation School , Fort Rucker , who will present a picture of just where

we are in the SFTS development process and when we can expect the system to

be implemented .

Dr. Caro.

TRAINING DEVICE RESEARCH: FOUR CASE STUDIES

Dr. Paul W . Caro, Jr.
Senior Scientist , HumRRO Division No. 6 (Aviation) , Fort

Rucker , Alabama

Until relatively recently , the Army had little requirement for synthetic

flight training devices . During World War II and in Korea , Army aviation--

and I am speaking of aviation elements that are organic to tactical field

Uni ts rather than the Air Force types of units--operated out of areas adja-

cent to the Division ’s artillery units , and Army aviators flew aircraft ,

more reliable perhaps , but not much more sophisticated and often slower than

their World War I counterparts.

3
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~~ se aircraft were the L-4 Grasshopper during World War II and the

VI L-19 Birddog in Korea The L-4 was the military version of the Piper Cub ,

and the L-19 , which is now kr”-wn as the 0-1 , is ~ two-place , tandem-seat ,

tail-wheel aircraft first built in the earl y ~ ‘5Os. The 0-1 is similar to

the Cessna-l70 , which throug h various changes (not the least of which was

the rep lacement of the conventiona l landing gear with a tricycle gear) has

led to the development of the T_ V l l , the Army ’s and the Air Force ’s current

primary fixed wing training aircraft . I mi ght comment here that the Army ’s

use of the 0-1 constitutes one of the very few instances in which a U. S.

nilitary aviator has flown one and onl y one aircraft throughout his flight

training and in the tactica l environment .

With a requi rement to trai l aviators to fl y aircraft no more difficult

to master than a primary trainer , there was little apparent need for synthe-

tic flight trainers. !‘he onl y use of such devices was in instrument training

program s, but most of these programs were conducted under contract by civi lian

flying schools until about 1960 The Arm used a few -\NT-18 and 1-CA-i L~nk

Trainers during this earle period , and these old “Blue Boxes” constituted the

first real Arnie synthetic flight irainers . Their number was increased when ,

beginning in l )
~~

’, the Army acquired large numbers of cast-off Navy l-C .-\-l s .

~e 1

ihese cast-oft Nav e sy n t h e t i c  ins t rument  flight trainers are still the

most commonl y found device in 1)0th Army fixed wing and rotary wing instrument

training program s They were modern devices twenty-five years ago, both in

term s of engineering state-of-the -art and training technology Since then

4
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considerable advancement has taken p la ce in bot h these f ie lds , and these

advances are now beginning to be imp lemented in our newer synthetic flight

training equipment .

Engineering technology developments tend to attract much more attention

than do significant developments in training technology. The Army has added

to its fixed wing synthetic trainer inventory another basic instrument trainer ,

the 2-B- 12A , which incorporates modern engineering developments such as solid

state electronics. Advances in training technology which date back more than

30 years , however , received little or no attention in either the design or

utilization of this device

It has been onl y during the past six or seven years that the Arm y has

emphasized training technology in the design and use of synthetic flight

training equipment . We will describe for eou four training devices which

incorporate design concepts which have grown out of training research con-

ducted be the  A r m y , be other government  agencies , b y p r iva t e indust ry , and

be academic psychologists during the past decade . The first two of these

devices are procedures trainers; the third one is a tethered helicopter; and

the fourth is not a device in the usua l limited sense of the word , but rather

is a system for training known as the Synthetic Flight Training System

DEVICE NUMBER 1

We often mistakenl y believe that effective training depends upon spending

large sums of money or developing elaborate training equipment. Expensive

and elaborate equi pment certainl y is required to accomplish some kinds of

training, hut many of the tasks that p ilot s perform can he learned to per-

fection withou t expensive , h igh fidelit y phy sical , or engineering simulation .

6
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Fo r examp le , t r a i n i n g  in procedural s k i l l s  can be accomp lished quite effec-

tivel y using very low fidelity equipment , so long as key task features are

represented cor rec t ly.

Recent research performed by several of the UumRRO Divisions--including

studies of missile , armor , and aircraft systems--has dealt with the learning

of fixed procedures such as those involved in  start , run-up , and shut-down

of aircraft eng i nes Transfer of training studies were conducted in which

groups were tra i ned not on operational equi pment , but on p lywood and photo-

grap hic mockups , on reduced-siLe device facsimil ies , and even on line draw-

• ing~ . h.’ rt’su1t~. ~.howed that , regardless of such reductions in engineering

fidelit y , trainees who practiced onl y on the devices or drawings were just

.~~~~ ‘ r t i c i t .’nt when thee moved to operational equipment as were other trainees

who recei~ ed cc~rresponding amounts of training using the operational equipment

it~ t~lf iur tht .r , t h e  skills acquired on the reduced fidelit y training devices

were retained u~ t a- w.’ll over time as were the skills acquired using the

ope rat iona l e q u i p m e n t  -

[hese r~ su l t  ~. have  r e c e n t l y been imp le mented  b y t h e  Arnie in a t r a n s i t i o n

course’ for the (!-~ l Ilte aircraft - The Ute is  the  Army vers ion of the twin-

eng ine , tu rb o-p rop  Beec h cr a f t  King  A i r -  The f i r s t  of the four devices I

s h a l l  d i s c u s s , is ,i -1/ 10 scale U-21 procedures trainer made out of paper

We refe r to it simp l y as the “paper trainer. ”

,~l~Je 2

Using this device and a detailed program of instruction , a trainee is

able to learn the name and locations of all the cuntrols and disp lays in the

U- .~l aircraft and the procedures involved in all ground handling operat ions

7
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before he reports for his first flight training period . Since he receives his

own retention copy of this trainer when he first signs in , along with the cut-

and-paste instructions for assembling it , he has it a v a i l a b l e  in his BOQ for

reference throughout his attendance in the U-2l course. It cost the Army only

a few cents per copy to give each trainee his own training device , one he can

use whenever and wherever he wishes , and one requiring no instructor or other

suppor t .

DEVICE NUMBER 2

As a practical matter , many trainees are not motivated to learn procedures

thoroughly unl ess they are in a structured situation--such as with an instruc-

tor looking over their shoulder . For these trainees , further procedures train-

ing is needed . Therefore , another trainer was built which also capitalized

upon the fact that elaborate simulation is not essential to assure transfer of

training to operationa l aircraft.

Slide 3

This trainer differ s from the paper HumRRO trainer in that it is a full-

siz e replica of the cockpit of the U - l , so far as all controls and displays

are concerned . I t  was built by the Army at Fort Rucker , to HumRRO design

specifications at a cost , inc lud iag parts and labor , of approximately $4,300.

All the controls and all the displays in this device are operable. Switches

on the instrument panel are wired directl y to indicator lights , thus provid-

ing high fidelity to the simulation of about 2/3 of the aircraft responses

involved in the procedures being learned .

9
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Simula t ion  of system dynamics is provided for the remainder of the

system b y the use of two wet c~ nputers--the brains of the trainee and his

instructor. Two techniques are employed . One is simply to have the instruc-

tor switch on or off various indicator lights in response to trainee opera-

tion of the appropriate controls. This technique is used where direct wiring

could not be accomplished readil y because of the comp lexity of the circuitry

that would be required .

Meter movements presented a problem that was solved by the second tech-

nique , having the  t r a inee  manual l y set the needles to the appropriate values

f o l l o w i n g  or in coordination with his mani pulat ion of the controls. For

examp le , one step in starting an engine is to turn the ignition starter switch

to the ON pos i t i on . Upon doing t h i s , the ignition indicator light comes on

aut omaticall y , and the tra i nee manuall y moves the N
1 gas generator tachometer

to  12% RPM . T h i s  procedure has severa l training advantages over the use of a

procedures tra i ner that has full simulat i on of instrument readings provided

by c laborate and expensive analog or digital computers.

First , the trainee must learn the specific gauges involved and the read-

ing which should appear on each when he makes a control input ;

Second , the  i n s t r u c t o r  has immediate information that the trainee knows

the correct gaug e reading , and

Third , it is impossible for the t r a inee  to perform the engine start by

om itting such a step in the procedure to he learned without the error being

obvious to the instructor.

11
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While  th i s  del iberate  use of in terviewing trainee responses to provide

dynamics is rather simp le , there are relative ly few examples elsewhere in

f l ig ht training dev ices of similarl y direct application of the knowledges

we have acquired from non-device oriented training and learning research.

One of the principles here , which was a part of the learning literature

over three decades ago , is that procedural tasks are learned as behavior

chains in which  each response becomes the st imulus for the next response;

that is , a response , the setting of the needle to the correct position ,

becomes the s t imulus  for the next a c t i v i t y ,  in this  case , the advancement

of the condition lever to low idle. Another important principle is that

responses not necessary to a task tend to drop out without adverse effect

on the overall task; that is , when the trainee transfers to the aircraft ,

his response of moving the needle will drop out automaticall y because it

is no longer necessary, but the stimulus for the next action , an N1 
gauge

reading of 12% RPM , will remain

DEVICE NUMBER 3

• The third device I want to describe today is even less conventional

than a flig ht  t r a ine r  made out of paper. It is an actua l fl yable one-man

helicopt er, mounted through an articulated linkage , on a ground effec ts

machine p la t form . The p l a t fo rm provides a more or less f r ic t ion less  base ,

and the device can move in a l l  six degrees of freedom . Thus , a trainee

using this device can execute all hovering maneuvers in safety. The

t rainee has solo contro l of the vehicle  and communicates w i th  the instruc-

tor via radiolink.

12
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The training value of this device concept was subiected to experimental

d e t e r m i n a t i o n .  Frai nees were given an average 5-1/4 hours’ training on the

device before entering primar y helico pter trai ning . Their subsequent fl ight

performance was compared w ith that of the control group members who did not

receive such p r e f l i g ht t r a in i l ig . The results of the comparison , shown on

t h i s  s l i d e , were s u r p r i s i n g ly  favorable  to the device-trained group .

F LIGHT [ 1 E F I C I I N C Y  WASIIOtTI’ RATE
(Tethered H e l i cop te r  !1ev i ce Stud )

T N umber J
(‘,ashout

~roup of of
- . Percentagerrainees (sashouts~

Device 60 - 1(1.0

Control t 5— 1 ”

The washout rate for unsatisfactor y flig ht performance during the sub-

sequent training was only 1/3 as high for the trainees who received training

on the tethered helicopter device as i t  was for the  cont ro l  t r a i nee s .  In

addition , there were other advantages held h~’ members of the device-trained

group. They generall y performed significantl y better during the earl y stage

of fl ight t r a i n i n g , and t hey  were able  to solo the he l i cop te r  several hour s

earlier than the controls.

It shou ld be noted that some of the advantages held he the device-trained

group mig ht be a t t r ibu ted  to  the manner in which they received such training

as much as to the unique design features of the device . Two features of

13
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modern training technology were s t r ic t ly applied : behavior shap ing and pro-

ficiency based advancement . Behavior shaping is a technique of selectively

reinforcing trainee responses until the desired skills are developed. For

example , a trainee who moved the controls in the proper direction initially

was re inforced for doing so. Then , onl y responses in the proper direc tion

and of approx imatel y the correct magnitude were reinforced. Finally, through

successive approx imations , he was re inforced only for more and more exact

control manipulations until the desired skill was acquired . Behavior shap-

ing was deve loped in the psycholog ical laboratory and has found application

primaril y in animal training It works equally well with aviator trainees ,

however.

Proficiency based advancement means systematicall y advancing trainees

through a series of tasks of graded difficulty at a pace entirely dependent

upon the rate at which they attain object ively-defined skill levels. It is

a technique wh ich has found w ide app l ication in programed instruction , but

very l i t t l e  app l i ca t ion  in the development of s k i l l s  such as those required

for a i rc ra f t  cont ro l .

DEVICE NUMBER 4

The fourth device is the Synthetic Flight Training System , which I shall

refer to as the SFTS. The SFT S was conceived a lmos t three years ago to mee t

the specif ic  requirements of Army helicopter training , and its design followed

a systematic study of the training requirements.

15
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SYSTEM REQUIREMENTS FOR
SYNTHE T IC FLIGHT TRA IN ING

1. Meet school and field training needs

2. Flexibility

- 
- V” New a i rc ra f t

i/ New skills
v’ New training concepts

3. In s t ruc t iona l  s tandard iza t ion

4- Quality control information

5. Maintenance of proficiency

6. Training innovation

. -‘l ~ J c

This slide sets fo r th  some of the general requirements which we felt the

SFTS should meet . First , it was desi red tha t  i t  meet training needs of both

• the Aviation School and of .-\ rm v units in the field. Second , the system

should have flexibility to meet the chang i ng requirements that would be

posed by the new skills (for example , new tactics or operation of new equip-

ment such as low-light leve l TV or armament systems) , and the development of

new training concepts such as computer-assisted instruction. Third , we fel t

the system should provide means for increas i ng standard i:ation of instruction .

16
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SYSTEM REQUIREMENTS FOR
SYNTHETIC FLIGHT TRAINING

1. Meet schoo l and field training needs

2. Flexibility

/ New a i r c ra f t
/ New skills
/ New training concepts

3. Instructional standardization

4. Quality control information

5. \laintenance of proficiency

6. Training innovation

Slide 6

This slide sets forth some of the general requirements which we felt the

SFTS should meet . First , it was desired that it meet training needs of both

the Aviation School and of Army units in the field. Second , the system

should have flexibility to meet the changing requirements that would be

pose d by the new skills (for example , new tactics or operation of new equip-

ment such as low-light leve l TV or armament systems) , and the development of

new training concepts such as computer-assisted instruction . Third , we felt

the system should provide means for increasing standardization of instruction,

16
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Fourth , the SFTS shou ld provide quality control information to School and

other authorities which allows assessment of instructiona l efficiency and

consequent instructional program modifications . Fift h , the system should

provide an adequate means of maintaining proficiency in already acquired

flight skills.

Finall y, the SFTS should represent a real innovation in training It

should app ly the latest state-of-the-art in training device design and

training technology to Army aviation training problems . It should put the

Arm y , as the principal using and training agency for helicopter pilots , at

the forefront in training system development . We believe that the concepts

embodied in the SFTS will allow the Army to achieve these not-so-modest ,

but most important , requirements.

Advances in the computer state-of-the-art in recent years have made

the digital computer feasible for use and , in fact , make it much prefer-

able over the analog computer for a development such as the SFTS. The

digital computer has great advantages in reliabilit y , maintenance costs ,

and most inportant ly, in flexibility.

The availability of appropriate di ’-it al computers , with their inherent

flex ibility, makes it poss ible to utili:e a modular concept in the SFTS

requirement - Thus , instead of separate individua l trainers , the SFTS calls

for computer modules , instructor stat ion modules , cockp it modules , and

motion system modules I’his allows assembl y of groups of appropriate mod-

ules into subsystem units designed to meet part i c e lar training requirements

at the Avia t ion  Schoo l and at various field installations,
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The d ig it a l  computer  pe rmi t s  the capability of automating training . It

will allow us to unburden the instructor of most of his rou t i ne  dut ies  and

allow him to app l y his talents to the critical individua l student training

problems It  w i l l  a l so  a l l o w  one ins t ruc to r  to t r a i n  th ree  or four s tuden ts

simultaneously , thereh~ getting ai~av from the costl y one-to-one student-

instructor ratio which has characteri:ed synthetic flight training in the

past - Ihe SFIS also embodies a number of other t r a i n i n g  concepts  such as

automatic recording and evaluation of performance and adaptive training .

/~liic 7

h ere you see representation of the L omputer modules , the instructor

stat ion modules , and the cock pi t and motion system modules for the Aviation

School subs \stem . I’o support the rotary w i ng training l oad , the Aviation

Schoo l has stated an initial requirement for 31 UH-l cock p it stations and

one CH-4 7  cock p i t

The subsys tems for use with a v i a t i o n  f i e l d  u n i t s  would  look much l ike

thi s, except smaller numbers of cockpits and other modules would be involved ,

depending on local requirements .

Wit h the great  f l e x i b i l i t y  t h i s  ~v~~t e~~ p r o v i d e s  it w i l l  be possible  in

future years to add new aircraft or other components by merel y adding the

appropriate cockpit module and changing the computer program .

~itde 8

Fhis slide dep ict s how t he School subsystem m i g h t  look several  years

from now as the tra kn ln g requirements have changed The SFTS w ill allow

for relativel y easy integration of new aircraft , navigation , and weapons

sy~.tem simulation - Similar changes could he made in field unit subsystems-

18

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

_
~~~~~~~ _ _

~~~~~~ . ~~~~~~~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -  .~~~~~ .~~~~~~~ -—



— -  
~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 

V . ’  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SFTS
AVIATION SCHOOL SUBSY STEM

(ARTIST’S CONCEPT)

-V.--

4 ~~~~~~~~~~ V.

I ~~~~ - :.. - ‘
~~

‘
:‘ ~~~~~~~~ -

~~~~~ 
. ,

--, 
V.- .,

..

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

V...

. 
. 

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

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

.

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

~~~~~~~~~~~~ ~~ - -
~ ., 

‘S—c_- 
.. ,_ ~

~E- ~~~~~~~~~~
~~~~~ 7

19

1~
~~~~~~

—.- - 

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



— - 
- 

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

POSSIBLE FUTURE C ONFIGURATION OF SET S

r~~~~~~~
j
~~

a
~~~~ 1~~~~ ~~~~~~~~~

_ _  

~~~~~~~~ II[~~~~” : j - ~ -~’-~ ~~~~~~~~~~~~~~~~~~~

S / -s e 8

20

- - -----V.—— — -- - - . - —~~ . - _ _ _ _ _ _.
~ ~~~~~

.—..-.- . - ,~~~~~~
- 

______- - -V



V. -.~-_--~~~~~V.--~~~S ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~V.-V_VV.V.V. V._ V.~V.-V

For the first time a training device system would exist which  would be adap-

- j table to chang ing needs over an extended period of time .

In the design of the SFTS and in the updat i ng of the design which has

contiiiued since its inception , we have attempted to assure that development s

in training technology have been imp lemented . I do not mean to suggest , how-

ever , that innovations in engineering have been slighted. We are making use

of thi rd generation dig ita l computers , mot ion systems designed so that dimen-

sions of motion ma~ he added or deleted modularlv as required for a specific

app lication , cathode ray tubes with lig ht pens and keyboards for updating

the training situation on-line , and closed circuit tel evision However , the

characteristics that make the SFTS the first of a new generation of synthetic

flight training equipment are the training characteristics rather than the

engineering characteristics . Literall y, we are Ji-veloping a training system,

not Jus t t r a i n i n g  e q u i p m e n t .

Let me describe some of these features. First , th e instructor has been

designed out of the system to the extent that it has been possible commen-

surate with cost effectiveness considerations. Rout i ne instructor functions

have been automated . It will be possible , for examp le , for a trainee to fl y

an instrument chec kride , from take-off , through a series of navigation prob-

lems , includ ing several instrument approaches to different facilities , to

touch-down , while the instructor does nothing more than provide simulated

radio communication from the various ground facilities involved in the prob-

lem Throughout the checkride , the instructor will have real-time ground

track , altitude , and airspeed displays ; he will he alerted by a computer-

generated disp lay each t ime the trainee deviates from desired flight and

-
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engine cont ro l  par ameters;  and he w i l l  receive hard copy records of the

trainee ’s performance , includin g procedural errors and response times ,

dur ing all simulated emergencies.

Secondly , at the end of the checkride , data will be provided describ-

ing the trainee ’s performance and cc~nparing it to Schoo l standards. These

data w i l l  be presented grap hi cal l y for easy use by Schoo l adminis t ra t ion

personne l in training quality control programs . In addition to automati-

cal l y scoring checkride performance , the digital computer in the SFTS will

be used to assist the instructor in the analysis of meaning ful per formance

measure s and criteria and to automaticall y score and sequence training

prob lems In this connection , I migh t note that the work on performance

monitoring being done by the Behavioral Sciences Laboratory at Wright-

Patterson Air Force Base has been particularly help ful.

An important instructor function which is being automated in the SFTS

is the adjustment of prob lem difficulty to the individua l level most appro-

priate for each trainee.. The automation of this function has been made

feasible by the development of adaptive training techniques . The technique

involves increasing or decreasing the difficulte of the task being practiced

in response to trainee performance. Thus , if a trainee begins to make too

many errors , indicating that the task is too difficult for efficient train-

ing , task diffic ult y is decreased. Conversely,  if the trainee is able to

perform with few or no errors , th e task probably is too easy for his skill

level and is therefore increased in difficulty.
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Adaptive training is an extension of programed instruction , but con-

ventional non-adaptive programed instruction also is incorporated into

the SFTS. Eventual l y, we hope that all of the programed instructiona l

training in the SETS will be made adaptive , but we do not have the tech-

niques in hand that w i l l  a l l o w  f u l l  imp lementation of adaptive training

throug hout the system at the present time The SFTS, of course , will

facilitate the further development of these techniques.

Self-confrontation is another training concept that has recently been

recognx :ed as po tential l~ usefu l in flig ht training . Self-confrontation

allows the trainee , in a comp letel y objective manner , to observe his own

performance in a learning situation - It has been used w idel y in non-

aviation training , and it is understood that the Air Force and a major

airline have recentl y considered adopting the technique in p ilot training

programs

S e l f - c o n f r o n t a t i o n  w i l l  he imp lem en ted in the SPIS in three wa~s.

First , recordings w ill  he made of simulated aircraft performance--or

perhaps of trainee control input--for rep lay upon call. Thus , the trainee

will he able to ohser~e the autopilot flying the aircraft , hut the flight

he observes will in fact he a recording of his own performance which he

can now observe and critique

the two other means of imp lementation of self-confrontation involve

the tape recording of radio transmissions and the video taping of trainee

behavior as ob5erved h’~ the instructor via closed circuit IV These are

the techniques that have been used most often as teaching aids in past

app lications of selfV. confrontat lom
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Modeling or task demonstration is another techni que of modern train-

ing technology that is being implemented in the SFTS. Using the three

techniques involved in self-confrontation--p laybacks of simulated aircraft

perfo rm ance , tape record i ngs of radio transmissions , and v ideo record ings

of t ra inee behav ior--examp les of desired or ideal performance w i l l  be

presented to the trainee as a model to follow. In the case of modeling

of simulated aircraft performance , a “slow-time ” feature will he incor-

porated which will allow the instructor or the trainee to slow down the

action for more detailed stud y. We believe this feature will he particu-

larlv useful in the stuJ~’ of maneuv ers , such as an instrument take-off ,

where too much happens w ithin a short time for an instructor to be able

to point out all the comp lex interact ions and control input s that take

p lace in real time

One time-consuming instructor function which will be aut omated is the

briefing of trainees on the da~’ ’ s training activities. This will be accom-

plished by the use of pre-recorded audio tapes , and where appropriate , these

briefings will he synchroni:ed w i t h automated demonstrations of the maneuver

to be performed Not onl y does this relieve the instructor of a routine

functi on, but it will contribute to more standardized training .

Debr ie f img f o l l o w i n g  a period of training in the SFTS is not as amenable

to automation , because the debriefing content largely is a function of the

trainee ’s performance Instead of attempting to automate this function, the

instructor will be provided various aids so that he may debrief more effi-

ciently. Debriefings may take place immediatel y following performance of a

par t icu la r  maneuver and w h i l e  the t r a inee  is s t i l l  seated in the cock pit ,

24
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rather than being delayed until a coffee break or the end of a training

period . The self-confrontation techniques will be valuable aids to the

instructor during debriefing . In addition , the instructor ’s disp lays of

ground track , procedural error , a’~d other information may be dis1Jayed

remotely to the trainee in the cockpit as a debriefing aid. [)ur i mg the

debriefing , the instructor will he able to emp loy the pre-recorded models

or any of the other automatic SFTS features to better assure trainee

understanding of any problems which may have arisen

As p r e s e n t ly  concep tua l i : ed , the SFTS is p r i m a r i l ~’ a rotary wing train-

ing system HumRRO recent ly comp leted a stud y of all m a l o r  fixed wing pilot

training programs at the U. S. Arm~ Aviation School. Out of that study grew

conclusions that the ..\rmv should develop SFTS subsystem s for several of its

advanced transition or graduate level courses. In addition , in the primary

fixed wing training program , it was concluded t h a t  procurement  of an o f f -

the-shelf training device , one that presumably would have some of the train-

ing potential of the tethered helicopter training devices I described earlier ,

would be advantageous . Procedures trainers , similar to both the paper 1-IumRRO

trainer and the full-size rep li ca of the U-21 cockpit , would provide bene-

ficial training in a number of courses. Another conclusion has already been

acted upon h~’ the .-\viatiori Schoo l. It is acquiring a commercially available

twin-engine instrument trainer which is modeled after the T-42 Baron , the

aircraft in which Army twin-engine qualification and fixed wing instrument

training are conduc ted We are working on a program of instruction for

this trainer which will capitalize on all relevant recent developments in

flig ht training technology. We anticipate that with such a program , it will

25
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be possible to achieve a 50% reduction in the amount of flight training

time required to meet present twin-engine qualification and instrument

flight training proficiency criteria.

When we have obtained these fixed wing trainers and when the various

subsystems of the SFTS have been delivered , the Army will no longer be

conducting training in equipment designed for a World War II Navy require-

ment. The sophistication of our synthetic flight training equipment will

be equal to the demands of our aircraft and their assigned missions . These

devices , together with the Army ’s fleet of training aircraft and its modern

classroom training capabilities will form an integrated training system

designed for more efficient pilot training .

Procurement of the first subsystem of the SFTS is underway. MAJ Buttner ,

the SFTS Project Officer at the U. S. Army Av iation Schoo l , is going to tell

you where we are at the present time in that procurement action and what is

planned for the future .

THE SFTS AND ARMY AVIAT I ON TRAINING REQUIREMENTS

MAJ V ictor J. Buttner
SFTS Project Officer , Training Device Secretariat , U. S. Army

Av iation School , Fort Rucker , Al abama

I am MAJ Buttner of the U- S. A r x  Aviation School’ s Training Device

Secretariat and Project Officer for the Synthetic Flight Training System.

The Aviat ion School submitted the statement of requirement for the Syn-

thetic Flight Training System in November 1965. .-\fter Army staffing and

world-wide review , the requirement was approved b~’ Department of the Army ‘

in April 1967. R~D funding was approved short ly thereafter , and the pro-

ject was assigned to the Army Materiel Command’s Participat ion Group at the

- - U. S. Naval Training Device Center for study, development , and te st model

procur ement.
26
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Concept f o r m u l a t i o n  studies , conducted independ ent Iv by three maj or

simulator manufacture rs , were completed in A pr il of th i s y e a r .  Each of the

studies determined that the system is technicall y ftasi h l e in terms of its

concepts and characteristics Ihev also made recommendations on technical

specificati ons and on methods of imp lement ing the training technique s which

l)r. Caro described

The stud y reports  were used to  a s s i s t  in  p r e p a r a t i o n  of t e c h n i c a l  speci-

f i c a t ion s  for a four-cock pit f i e ld unit , the ‘-1- H dev e lo pmenta l  model .  Here

is an a r t i s t ’ s concept  of such a f i e l d  u n i t  as v i s u a l i z e d  by one of the study

contractors.

Specifications for the developmental Unit are now undergoing .-~rmy review.

When approved , the~ wi ll provide the basis for a hardware contrac t to be

awarded in the fall

The design h;is~ s aircraft for t he SFTS developmental model is the UI1- l

hluey .

I1 evelopment , deliver y , and initial testing of the first unit are expected

to he comp leted w i thin IS to 24 months after contract. The developmental model

will he used to test the overall system concept ; to eva l uate demonstration ,

scoring , and adaptive training techniques; to determine lb. - optimum ratios of

synthetic to flight instruction: and to optimize the instructional programs

to be used Quantity procurement is antici pated following approval and type

classification of the device
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The Synthetic Flight Training System will contain three subsystems. The

largest , located at the Aviation School , will be comprised of 31 UH-1 cock-

pits and one CH-47 Chinook cockpit.

Slide 11

The CI1-47 will be the basis for the mobile subsystem which will be moved

to various unit training locations as circumstances dictate. The third sub-

system intended for use at permanent installations , is the UH-l based field

unit subsystem , the SFTS developmental model. Other aircraft will be added

to the system as future requirements dictate.

The Aviation School’ s prime function is to provide well-trained aviators

to Army field commanders . Our training requirement is to turn out sufficient

quantities of combat ready aviators within a t ime frame which is responsible

to Army needs. .-\t present , we are graduating about 575 new helicopter pilots

and 50 new fixed wing p ilots per month.

The helicopter has become the Army ’s most versatile combat tool. It is

the magic carpet of men arid materiel which becomes the Skyhook for the artil-

lery observer , the horse and saber of the cavalry , the on-top-of-the-action

command post , the ambulance , messenger , rescue squad , and repair van. If the

World War II Jeep has a Vietnam counterpart , it is the helicopter!

If versatile is an appropriate adjective for the Army helicopter , then

it should also app ly to the aviators who fly them. Their training must be

comprehensive and efficient.

Shown here is the program for officers and Warrant Officer Candidates

undergoing initial helicopter training . Initial fixed wing training is similar.

30
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O F FICER / WARRANT OFFICER ROTARY W I N G
AVIATOR COURS E

Fo rt W ol t e r s ,  ‘I’ exas

- .1 Pr imary 8 week s . 50 hours
Ad v an ced 8 we eks - 60 h our s

Fort Rucker ,  Alabama

Hunter Arms ’ Air Field , Georgia

De pt. of Rota ry  Icing T ra in in g :

Bas ic  In s t rumen t s  4 weeks . 25 hour s
.-\d vanced I n s t r u m e n t s  4 weeks  . 25 hours
UH- l T r a n s i t i o n  4 wee i~s . 25 hours

De p t .  of T a c t i c s :

Adv anced T a c t i c s  4 week s  . 25 hours

3 week s . 2 10 hours

‘. - &e

C ommissioned o f f i c e r s , and e n l i s t e d  W arrant  O f f i c e r  C a n d i d a t e s  begin

t h e i r f l i g h t  t r a i n i n g  at the Ii Arm~ Pr imary  h e l i c o p t e r School , Fo r t

Wolters , Texas. Officers w ill have alread y received branch training

~,Arti l1erv , Infantry , Armor , e t c . ) , and Warran t  O f f i c e r  C a n d i d a t e s  w i l l

have previousl y undergone four weeks of preflight instrucUOn , an intense

pe r iod  of OCS-l ike  t r a i n i n g .

The f i r s t  50 f l i g h t  h o u r s  ( t w o  m o n t h s )  are spent a c q u i r i n g  b as ic  f l i g ht

s k i l l s  in  the T }I-5 5 h e l i c o p t e r .  I n s t r u c t i o n  in t h i s  p hase is under c i v i l i a n

co n t r a c t

The t r a inee  next  r ece ives  60 hours of f l i g ht i n s t r u c t i o n  in A i m v  OH- l3

or OH -2 3 observa t ion  helico p te r s . He is  i n t roduced  to format i on  f l y ing ,

ope ra t i on from t a c t i c a l areas , basic  v i s u a l n a v i g a t i o n , e t c .  A f t e r  comple -

t i n g  t h i s  portion of this training he departs Fort Wolters for advanced

training at either Fort Rucker , Alabama , or Hunter Arm y Air Field , Georgia.
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The f i r s t  month (25 f l i g h t  hours) of advanced t r a in ing , is devoted to

basic a tt i t ude i n s t r u m e n t  f l y ing . The s tudent  t r a ins  in an appropriatel y

modified observation helicopter , learning to control the machine withou t

outside visua l reference.

This is followed b advanced instrument work (25 flight hours , one

nonth)  in which the trainee learns to p lan , fly , and n a v i g a t e  under tac-

tica l instrument conditions. Emp hasis is p laced on use of radio beacons

and GCA . We do not pre sentl y aw’a:d these initial entry students a stand-

ard instrument card h opefully , t he  ~, F S  w i l l  enab le  us to do so.

The st uden t ’ s t hi rd month of a d v a n c e d  t r a i n i n g  125 f l i g h t  hours) is

concerned w ith qualification in the UH-l. lie is t r a i n e d  to operate from

i ungle clearing s, hill tops , and rough terrain , lie perform s normal and

emergenc y  procedures  w h i l e  o p e r a t i n g  at gross  we ig h t s  up to  maximum , day

an(~ night , at treetop height or traffic pattern altitude.

The final 25 flight hours are the most varied of all. Here the student

app l ies  the  f l i g h t  and academic t r a i n i n g  which he has received th roughou t

the  pre vious seven m o n t h s  He p r a c t i c e s  g u n n e r y , med-eva c , troop t ranspor t ,

an d r esupp ly m i s s i o n s - - a l l  the  “magic  carpet ” t a s k s .  lie lea rns to l ive and

operate  a r o u n d - t h e - c l o c k  from a t a c t i c a l  field location. I b i s  f i n a l  month

of his training is as near  the  combat env i ronmen t  as we can safe ly make it.

Jus t  p r i o r  to  g r a d u a t i o n  the Warrant Officer Candidate receives his

warran t  o f f i c e r  bars , an d the n , w i t h  h i s  class , he is awarded the aviation

badge. Schoo l is followed by a month’ s leave and , most probabl y , a one-

year combat tour .  He will then likel y return to one of t he schools to

i n s t r u c t  or for g r a d u a t e  t r a i n i n g  in more comp lex helicopters.
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We will be ready and eager when the SFTS arrives. The need for training

efficiency is obvious The substitution of synthetic for flight training

will also allow us more efficient utilization of those requirements specific

to a training base . Spac e , time , facilities , personnel , equipment and money

are all limited. The SETS is a cost-effective answer to part of the training

problem i’he rest of the problem? We ’re working on that , too .
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