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ABSTRACT

• A series of 28 actual equipment trainers , systems trainers and
• panel devices currently used in U. S. Army helicopter maintenance

.. training were analyzed to develop reconiiiendations for device improve-

-- ment through modification , augmentation or substitution . The analysis

included on-site interviews of hel icopter maintenance Instructors,

exam ination of hel icopter mi shap data related to maintenance error
•
/ 

. .  and a review of the state of the art in training technology . To

synthesize the information obtained , a gener ic class ifi cation sc heme
for training devices was developed and individual profiles of devices
were prepared using 21 operationally defined criteria.

It was concl uded that substantial cost-training benefits could
be achieved through propitious use of programmable simul ation systems
that employ microprocessor technology , modula r cons truction and

• flexibility in displ ay capability . Specific recommendations were
made accordingly.
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1.0 INTROk~ T IO-i

Over th~ past seve r~ui years the 1e I~ S been a rapid .jrowth
- in the leve l of ei~gineering sopt~~~ ica t ion ~nd compled~y of U. S.

Army rotary wing aircra t This •~ c wh has bee;i accompanied by

increased system ond subsyste;~ costs and in:reased k iands for
highly skil led m~i tenance p~rso nne L I~i~ Army ’ s inventory of
rotary wing aircraft c’irrently ~nclude~ s~ -,en s~;pes f helicopters
as shown in Figure i. The missions of these aircraft include delivery

of weapons fire support (AH~1G/Q), ai~ transportation of troops and

cargo , and rescue o~ personnel (CH-4~l , movement of -icavy equipment
(CH—54 ) , observation ~~ ~~~~~~~~~~~ (1H-6A; OH—5 dA ) , t ransport
of personnel , equipmc~ic a~d supp lies (UH-ID/H) and flight training
(TH-55A).

The - ;ncreas ing .ost and compl xity of thesi systems make the
use of operational equip~.nt I r maiI.~er iaiIcc tr~Jning less and less
feasible. At the same tii~e the need for effective a~d efficient

maintenance training cont inues to increase. Thus , ic is imperative
that cost/training effective siternativ2s to operat~unal equipment
for training he found and that exist 4ng .r~ hiing devices be made as
effective as ;-ossi~~e. The pr~sent s ;y was cor~dw ’~e~ to develop

• practical recomen iattons Ih this ~~r 
1iased on (1) an cn-site review

of existing mainte ;c~ traini-~g devices arid interviews of instructor

• personnel , (2~ a survey 0-F th c~ ;t~ te of the a~-t ~n training technology

~ ; and , (3) an analysis of helicopter mi sh~p d~ta iclated to maintenance .
ihe resul ts indicated tat s~~ni~ icant cost/tre~ning benefits

can be achi -~veH by increased u .ili zati on of contempLrary sinulators .
Such devices can reducc thu number of srge ,actual equipment trainers
needed und .aii replace the majority of tr~ ~ ti onal panel boaros and
other non-i rteractive devices that sr suitable only for classroom
lecture/demonstration .
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2,0 PROCEd’JRE

The devices cu rently employed in tra ining helicopter main-

tenance personnel rang~- f ro ’n full s.:~ “ -‘ cor’f quratio ris of operational
and simulated equipment that c lose t~ approx imate actu~i a i r c r a f t ,
to relat~vely simple static dis~sTh ’,’~ ~u~r ‘an-~l boarc’s . By v irtue

• of its design , each type of deviLe pr - uvsut s ~ p~rt icul tr set of
training capabilities . To aid in the systematic -Jescript io i and

• eva l uat~~n of the trair riçj de~j ss , a device classificatio n scheme
and set of 21 descri ptive ch~racteristics were established. Twenty-
eight maintenance training device then ~,- e s  sek1cte~ For study . A

- 

4 
structured interview format was o ’epareL and or-site examination of
devices and instructor interviews were conducted ~ccording ly. Con—
current with the field data collection , ~ ru vey of the state of the
art in training technology ~‘nd an c ’~a lys is of hei cop~~r mishap data
related to maintenanc~ we. ~ pel form7d ,

2.1 Training Dev~ice Class if ~icat ;o n Scher e,
For the purpose of this study four major categories of devices

(Type I - IV) were defined as shown in T:ole 1, As may be seen in

the table , Type i -~-v f t es  inclu-ie large , ~- tual i- ’~’li:ment trainers
(AET ’ s); Type It devic~s :nclud ? thu~e t~ ’ - -~ im en s iona i  conf igurat ions

comprised primarily of actual equi~nenL components or subsystems and
which retain the general spatial ar -~ng’ .nent of the operational equip-

- 
ment; Type If~ ~.~vices ~re thos3 t~~~cal L- readboard panels assembled
from actual equipme nt components; T;~ i~V devices are those in which

- 

the primary display s a two- .dimersiunr. ’ panel . The latter devices ,

4 however, vary sionific antly in sophist ication and compP~xity . Accord-
ingly , three subcategories were defined as follows : Type IV—A which
includes free-standings hard -~,ired , r.o~-p~ograrr~nahle panels. Type IV-B

— which includes those panel devices Lhat are partially programable
] r through dedicated electronic or electromechanical circuitry , and Type IV-C

which includes those panel devices that are fully programable through
. use of a mini-computer or microprocessor.

4 4
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TABLE 1 -- Categories of Tra inirg Devices

TYPE I Dev ices

Included in this category are composite actual equipment trainers such as the AH-IG Composite Trainer and
the AH-1G Armament Systems Maintenance Fram er. Devices in this category approximate an actual aircraft
but may vary from an actual/flyable aircraft in one or more of the following ways :

1. Certain subsystems/components may be absent or replaced by wood or plastic
facsimilies , photographs (e.g., instrument panel) etc.

2. Actual aircraft components used may not be airworthy.

3. Sections of aircraft skin may be removed and/or replaced with plexialass
panels to provide visual access to system/components.

• 4. Components may be truncated or cut away to show internal structure/function.

5. Device may be mounted on skids or castor platform for mobility.
• 6. Aircraft engine power may be replaced by el ectric and hydraulic power

carts , auxilliary electric motors, etc.

TYPE 11 Devices

This category gf device includes three-dimensional constructions that use actual aircraft components in con-
junction with simulated components , where the device is functional and demonstrates operation of an aircraft
subsystem. Examples would be the tJH—1D Fuel System Trainer (DVC No. 1-71) and the UH-IH Electrical System
Trainer (DVC No. 1—73).

TYPE III Devices

Included in this category are all display boards assembled of actual aircraft components and designed to show
sequential functions and interactions of thc components. Component interconnections may be electrical (wire),
mechanical (e.g., control linkage) or hydraulic. These devices are comeonly referred to as ‘breadboards’ ;
the components function but their interconnection S may be perfunctory .

TY PE IV Dev i ces

This category of devices differs from the others in two major respects. First , the display portion is essen-
iidll y a two-dimensional representation of the aircraft or system involved. Second , use of actual components
is limited to providing a desired degree of realism. There are three subcategories as described be l ow:

IV—A: Included freestanding, back lighted , hardwired panels that demonstrate
system functions , electrical or hydraulic flow , schematics , etc.,; generally
include an instructor panel for device operation and problem/malfunction
insertions. Devices are not intended for hands-on training, troubleshooting,
etc. Examples wou ld be the AH-IG Electrical Systems Display Panel (DVC No. 1-79)
and the AH-IG Hydraulic Systems Display Panel (DVC No. 1-80).

IV-B: Includes partially non-proqraninable control/display devices including hardwired
and/or computer operated. These devices qenerally consist of (1) an animated ,
back lig hted panel , (2) back lighted facsimile of pilot caution light panel ,
(3) set of large , functional meter displays , (4) a simulated but functional
cockpit with selected controls , switches and displays , (5) an instructor
console for device operation and problem insertion and , (6) a dedicated computer
for device operation. An example would be the UH-1H /T53-L-13A Engine Trainer.

IV-C: This subcategory includes proaransiiable , computer operated training devices
such as the EC2 , EC3. The basic console and computer may be used with a
range of disp lay panels and programed via magnetic tape for any given
panel/system of interest. These devices afford extensive problem/fault
insert i ons , student input and feedback to student input.
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2.2 Descriptive Characteristics of iraining Devices.
To develop descriptive profiles for the training device of

con cern , twenty-one characteristics were identified and operationally
defined as shown in Table 2. The first 10 characteristics pertain
to the device configuration and function~n~ ; items 11 through 17
‘oncern the type of sk ills impirte ’ arid rovis iori for ‘ tudent-device
interaction ; i tems 18, 19 and 20 pertain to the mode anQ frequency
of device usage ; i tem 21 is the cost range of the device.

2.3 Training Devices Selected for Study.
In concert with the Contract Technical Monitor and other

cognizant Goverruitent personnel a tota ’
~ oF 28 devices were identified

for study . Table 3 lists the devices by type (as defined in Table 1),
the code number of each device as designated in Department of the Army
‘arnphlet 310-12, m u ’ x 4nd 1escription of ~~~~~~~~~ Training Devices,
October, 1975 (with 4:hL ’lqes dated 30 May, 1975), and the location at
which the device was e:amin~d (Fort Eustis , For; R’.’cker and/or
Aberdeen Proving Ground). A picture of each device is presented in
Appendix A.

2.4 Intervie -~ Format,
Instructors of h~l’i copter naintenar’ice ann training superv i sors

were interviewed in th2 field to i dentif.~’ current uses of the selected
training devices , to ascertain the perceived training—effectiveness

4
- . of those devices , and to obtain sug.Jestions for -improvement of present

and future devices . The interviews/discussions were guided by the
following format :

1. Discussion of the major training objectives
associated with use of the device ,

2. Major advantages and li ni ’ ctions of the device
as seen by the instructor.

3. Possible modifications that would make the device
more training effective .

4. Possible additional devices/materials to be used
with the main device to increase training-effectiveness.
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5. Discussion of possible alternatives to the device
(e.g., a different type of device).

6. Characteristics/entry skills of the trainee population
in relation to effective use of the training device
or alternative devices.

7. Mode of instruction (self-paced , lock-step , classroom/
laboratory).

8. Observation of the device being used in class , and/or
having the device demonstrated by the instructor.

Interviews and discussions were conducted with a total of 37
instructors and other cognizant personnel at the following sites :
U. S. Army Aviation Center, For t Rucker , Ala bama ; U. S. Army Trans-
portation School , Fort Eus ti s , Virginia; U. S. Army Aviation Systems
Coninand , St. Louis , Missouri ; U. S. Army Ordnance Center and School ,
Aber deen Pro v ing Groun d, Maryland; PM-TRADE , Orlan do, Flor ida.

2.5 State of the Art in Training Technology.
Information concerning presently available training systems

was obtained (1) by a questionnaire sent to a sampl e of training
equipment manufacturers , (2) through attendance at the 1976 Convention
of the Society of Advanced Learning Technology , Was hi ngton , D. C. and
the 9th Annual Naval Tra in ing Equipment Center/Indus try Conference in
Orlan do, Flor ida (Novem ber , 1976) and , (3) from the general literature
on tra ining technolog y.

2.6 Helicopter Mishap Data Related to Maintenance Training .
Hel icopter mishap data related to maintenance were obtained

from reports published by the U. S. Army Agency for Aviation Safety
(USAAAVS), Fort Ruc ker , Ala bama .

;~k4
3.0 RESULTS 

- :~3.1 On-site Review of Training Devices and Interviews of Instructor
Personnel.
Each of the 28 training devices was examined on site by havtng

the device demonstrated by an Instructor and/or observing the device

-i s
IL 8



_ _ _ _ _  _ _ _  _ _ _

while it was being used in class. 01,-act examination of the devices
revealed no significant opportunit ies for improvement through modifi-
cation . Minor impro vements could bt~ iade in the larger items of AET
by increasing visual access to co npo lent~ that are presently enclosed ,

A l so , the operating noise lev& of the l~ rge electrical and hydraulic
systems is excessive , requiri ng on-~ iLe construction of sound enclosures.
This is see~ as the only feasible ,iltc :u~iv~ ~ r e;~isting ~quipment .
However, future procuremert:s ~hc,uid specify On upper limit of operating
no i se , certainly below 90 db and pre-rerably no more than 55 db if
possthle.

A major limitation of all of the training devices examined was
insufficient provisi or- for fault r-sert i ’: and direct student-device
interaction whereby operating and tioub esha ut illg ski it s could be
learned/practiced in a hands--on , s~lf-paced context . Retrofitting
the existing devices to p~ov~d~ th~~ c~pahiii ty , howev~r, is judged

to b.? impractical.
The results of th~ ins c uctor intet- views ~ay be ~umarized as

follows :
1. The majority oi in~-Lruc tors hcd favorab~e attitudetoward the tr ai~iin~ de u ces ~-t the ft dispos& . They

felt cha t the devices did meet the requirements of
their r ssociated t~ain ;ng oft~ccives .

2. A strong preference was e~pr-e~~ ~d for the uSe of actual
equipme n .. for maintenur~e t; - Thir~;. As ~t~ted by oneinstructor the ideal tra ini ,- ,i device is an actual
a i rcraft ’ . This view , ~o~~’—~~- , was nut unanimous .

3. Advantages of t~~ AET’ s were neneraily expressed in
terms 0-F 1 being cl s e  to the reel thing ” . To the extent
that crit cism of ~.ET oc~~rr-~~ it ias diricted mainly at
those components that had been replaced by photographs ,
wooden facsimiles , etc .

4. Regarding the capabilit y tc insert ma functions and train
diagnosis/troubleshooting on ~~ PET’s, most pelt that

3 this was “adeqw~te ” bu t that an increase ~r such capabil —ity would be welcomed and utilized.

5. suggestions for improvements in the existing training
devices were limited to I inor modifications such as
greater visual access to subsystems/components and

3 ~1 
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a reduc ti on in opera ti ng no i se leve l s for cer tain dev ices
(e.g., the AH-1G electrical and hydraulic systems trainer).

6. There was strong opposition to modification of actual
hardware to “make it into a trainer” when t he result ing
device “would cost more than the original , unmodified
equipment” .

7. Concerning possible alternatives to AET such as computer
• 

- operated panel type dev ices , most had had little or no
ex perience w ith suc h dev ices and, therefore, coul d not
coninent on this.

L-t 8. Concern was expressed over a trend away from the teaching
of ‘theory ” and too much emphasis on rote procedures .

9. At each of t he tra in ing schoo l s there was concern over
the inability of many incoming students to adequately
rea d and compre hend tex t mater ial , charts , graphs and

-
- 

diagrams . Tape-slide programs were seen as a partial
solution to this problem in teaching helicopter main-
tenance .

10. While the panel type devices (e.g., AH-1G electrical
systems and AH-1G hydraulic systems) were considered
effecti ve for lec ture/cla ssroom use , they we re descr ibed
as being of little or no value in a self-paced mode of
instruction . (Self-paced instruction is utilized exten-
sively at Fort Eustis and Fort Rucker).

The foregoing coments indicate a need for device improvement
in the following areas: (1) fault insertion , (2) training of concepts/
theory and the use of abstract representations (diagrams , graphs ,
sc hematics , drawings) in performing maintenance and , (3) capability
for student-device interaction consistent with a program of self-paced

r instruction . That specific alternatives to existing devices were not
suggested by the instructors, whereby these needs could be met, is
attributed to their lack of experience with the programable, inter-
active devices that only recently have become available.

3.2 Training Device Profiles.

On the basis of on-site review of the 28 training devices and
Information provided by the instructors , eac h dev i ce was rated on a
three-point scale (positive , intermediate , negative ) with respect to

- 
- the 21 characteristics shown In Table 2. The resulting profiles are
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presented in Figure 2. To facilitate visual inspection of the profiles

the following code was used: a positive rating is represented by an
open circle; an intermediate rating is represented by a half-filled

c i rc le; and , a negative rating is represented by a solid circle.
The profiles are grouped by type of device as defined in

Table 1. Since devices within a given category are of a similar
generic configuration , the similarity of profiles within a category,

as may be seen in Figure 3, was expected .

Type!
The majority of Type I devices (large actual equipment trainers)

all received positive ratings on structural and functional fidelity ,
negative ratings on programmabilit y , update/modifiabilit y , multi-
system flexibility, noise l evel , student-proof(ness), student input ,

feedback to student input , and cost ($100 ,000 or more per copy) with

the remaining characteristics generally receiving intermediate ratings.

Type II
The profiles for the Type II devices (three-dimensional

assemblies and aircraft subsystems) are less similar to each other
than those of Type I devices. These devices generally received pos-

F itive ratings on structural and functional fidelity , reliability and

maintainability , availabilit y , student access and suitability for
lockstep use. Overall they received negative ratings on programma-

bility , multi—system flexibility , student input and feedback to student

input , and suitability for self—paced instruction . Althou gh these
devices are comprised mainly of operational equipment r’~mponents they I

serve primarily as demonstration devices. The cost of these devices
Is in the low to intermediate range (less than $100,000 per copy).

Type III
Only one Type III device was included in this study (CH-47

Hydraulic Board Trainer). Since that device is compri sed of operational
components mounted in essentially the same relative location as In the
ai rcraf t, and since the system is operable , it was given positive ratings

~~-
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on --tY'uctural and functional fidel Hy. It~; negative ra.tings ~vere for 
fault insertion, ~rogrammability, multi-system flexibility, motor skills, 
student input, feedback to student inp~t,ond cost. This device falls 

into the high price catagory. 

Type IV-A 

The profiles of t:·~e eight TypP TV-A ·ievices (non-pr:JY'arrvnable 

panel boards) are very similar. This is to be expected since these 

devices are physically and functionally similar, varying only in the 

subject matter displayed and, in spccifi: instan~es, in the amount 

of operational har-dware (meters, dials, svlitches, contr·ols) mounted 

0r1 them to compl~ment the pr·imar·y graphic/schemat·ic representation. 

The devices generally received positive rati11gs on functional fidelity, 

cognitive skills, reliability/mainta·inability, availability, safety, 

student proof(ness), student access, noise level, lockstep use and 
cost. Most of them hc.td pr·•)Vi s ion for a degree of fault insertion and, 

accordingly, received an !ntern.:.diate rat:·ing in ti1is category. 

None of these pane·l ·'ev·ices had provision 1~or the following 

categories and, therefore, wer~ given ~egative ratings: motor skills, 

mJtor/cognitive, programmilDility, t!pdate/modifiability, student input, 

feedback to student input, multi-system flexibility and suitability 

for self-paced use. Since thes~ devic~s employed essentially two

dimensional pictnt·ia1, g1·aphic and/n· schematic representations rather 

than operationu.l cvmpnnents, they recc:i ved 11 negative t·ating on struc

tural ·fidelity. However, -those panrh that incorporated a noticeable 

number Jf operational components (meters, switches, etc.) were given 

an intermediate rati119 in tllis category: 

Type IV-B 
All of the Type IV-8 de·;ices examined were engine trainers. Two 

were in use (UH-1H/T53-L-13A Engine Trainer, UH-1H/T53-L-13A Multi

Purpose Engine Trainer); one was not being used (OH-58A/T63-A-700 

Engine Trainer) because it had malfunctioned and was considered 

"unreliable" by the instructors. 

13 
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These devices are a combination of two-dimensional displays
and simulated or actual operational equipment in the form of an air-
craft cockpit. System operation and sequencing are effected by appro-

priate log ic/relay circuitry and servomechanisms that are operated
via an instructor console and/or the simulator cockpit controls.

As may be seen in Figure 2, these devices received positive
ratings on functional fidelity , noise level , safety, cognitive skills ,
student-proof(ness), student access and lockstep use; negative ratings
were given for multi-system flexibility , update/modifiability , motor
skills , self—paced use and cost.

The two UH-1 systems received positive ratings on reliability/
maintainability and usage rate while the OH-58 system received negative
ratings in these categories.

Type IV-C
No Type IV-C devices (programable panel type simulators ) were

included for direct inspection and evaluation . However, as will be
discussed later concerning the state of the art in training technology ,
these devices represent cost-training effective alternatives/supplements
to many of the 28 devices reviewed .

3.3 Review of the State of the Art in Training Technology.
Most of the training devices reviewed in the present study

were at least five years old and many were produced prior to 1970.
In the last three to four years, however , sign i ficant advances have
been made in information processing and display technology that, when
applied to training , afford a substantial gain in cost-training effec-
tiveness over previous designs (1, 2, 3, 4). - *  -

Modern technology can provide training systems and devices
with virtually any features desired. Microprocessors can store vast
amounts of information and comp lex programs for tra ining. Graphi c
and alp hanumer ic data from the computer can be presented on p lasma

-i - and CRT di sp lays , augmented by high speed, random access transparency -~
projections. Realis tic panels that incorporate actual components ,
displays and controls are available. These panels permit direct



interaction beti-Jeen the student and microrwocessor/mini-computer in 

the presentation of problems and feedback of the results of student 
inputs. 

In addition to two··dimensir>nu.l disp'ltys, simulated field 

equipment and test ~quipment can be utilized to any de~ircd level of 

fide1ity in tl1e student .. equiprnent .. d·isr,iay· r.omp~tter 1oop, Single or 

multiple training station.:; can b0 OfJr.:r ,leri in conjunction with an 

instructor stat·ion for pt'oper syst1:.!!11:: control anJ instructional 

sequencing. Modular design permits expansion or contraction of the 

system to accommodate varying training rcquirc!ments. 

Specific system conf·i gurations r·an9e from d~sk-top models to 

large complexes <>uch as that of thr. ir.teg\~nted rndio room of the 

Trident Submarine. With the progranmable computers, training systems 

can be modified or updated to ma·intain correspondence with operational 

equipment. These moderr. systems are usually safer, quieter and less 

expensive than the corre~0onding actual equipment. And, there is an 

increasing amount of research evidence (11-34) that simulations 

employing these statQ of ~he art techniques are ~ess expensive and 

are at least as training-effective as actual equipment, mDl'e so in 

certain applications. 

The specific advantages provided uy modern training technology 

bear directly on thos,:! char<.~cter·istics for which ma·w--{)f the 28 devices 

reviewed in this study re~eived negative ratings, i.e., fault insertion, 

programmab·ility, u;Jdate/mo.Jii~iability, student input and feedback to 

student input, multi-system flexibility, ~uitability for self-paced 

use and cost. Table 4 prP.sents s·ix exnr1ples of contemporary, inter

active training devices th~t incorporate the foregoing desirable 

training features. (Note: These examples ilre intended to be repre

sentative of available tl'aining t<::chnology and their inclusion here 

is not to be considered as t:n endo;·::;t'men::). These devices fall into 

category IV··C as defineu in Tab1e 1 (pruyrammi'\ble systems using two

dimensional displays). As may be seen in Table 4 the range of sophis

tication and complexity of such devices is substantial and their cost 
varies accordingly. 

BEST AVAILABLE COPY 

15 
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From the definitions of device types presented in Table 1
and the ratings presented in Figure 2, a generic profile for each
device category was prepared as shown in Figure 3. These general-
ized profiles provide a basis for comparing the characteristics of
device types and reveal direct implication s for improvement in cost!
training effectiveness,

Most apparen t dre the limi tations of t~ie traditi~nai panel
devices (Type IV-A) in comparison to the interactive systems (Type IV-C)
such as the. Educational Computer Corporation EC-3 , the Burtek Adaptive

- 1 Learning System and the General Electric Company GETS system . In

- 

- terms of overal l cost-training effectiveness the interactive systems
make the traditional , non—interactive panel boards obsolete .

A further implication is the potential for reducing the number
of large composite trainers (Type I) needed for maintenance training .
Where multiple copies of large composite tra i ners a rl associated
supporting media might normally be ei~ployed, a eost/t~’ain~ng effective
alternative would be to replace part of the compo~it€~ trainers and
most of the ancillary med i a (slide-tape , etc.) with ~rogramable ,
microprocessor type devices . For example , an array of 3 composite
trainers (Type I), 3 systems t’-ainers , (Type I I ) , 3 hard-wi red panels
(Type IV-A) and 6 different slide-tape programs at an estimated cost
of $2 million could be replaced by 2 composite trainers , 2 systems
trainers , and 5 microprocessor (Type IV-(..~ devices at an estimated
cost of $1.5 million , or a savings of $.5 million . W hile , in actuality ,
the exact number of devices of one type er another would vary , this
example illustrates the order of magnitude of cost savings that could
be achieved while at the same time greatly increasing the training
capability and flexibility of the overall inventory of training devices .

5
•_ 3.4 Hel i copter Mishaps Related to Maintenance.

Helicopter mish ap data from :‘eporcs published by the U. S.
Army Agency for Aviati on Safety (USAAAIS) were analyzed to identif y
implications for improvement in helicopter maintenance train ing devices.
The reports covered 13,037 mishaps (for the AH-IG , UH-l , OH-6A, OH-58,

17
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*
DEVICE TYPE

CHARACTE RISTICS I II III A B C

1. Structural fidelity (J C) Ci • () •2. Functional fidelity c 
~D ~~ ‘0 E~ E~3. Rel jab iii ty/ (Th (~ (3maintainability 

____ 

‘—‘ ‘—‘

4. Faul t insertion C) 
_____ 

C) () ()
5. Programabi 1 ity • • • • C) ()
6. Mu1ti -s~’stem • • • • • (37. Noise level!

environmental 
_____ _____ _____ _____ _____ _____

8. Update/modify • • (~j  • • ()9. Safety ( () (I) C) (I) C)
10. Avail ability • () ~D ~D C) C)11. Motor skill s C) () • • •12. Motor/cognitive (J C) (J • (J ~~
13. Cognitive skill s C) C) C) C) C)
14. Student proof C) c3 C) C C)
15. Student access C) ( 0 0 c~ C16. Student input • • C) ~ C) 0
17. Feedback to • • • • C) C
18. Sel f-paced use 

- • • C) • • C)
19. Lockstep use C) (J () 0 ~I) C)
20. Usage rate C) (3 C) () (

~ 0
_ _ _ _ _ _ _  

• C ) O O S C )
Figure 3 --Generic profiles of device types. I

* As defined in Table 1. 
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CH-47 and CH—54 helicopters) compiled over various reporting periods
from 1 July 1969 through 31 December 1975. Additiona l data as reported —

in Flightfax , from March through August , 1976 , (12-29) were also
examined .

The overall proportion of mishaps attributed to maintenance
error was found to be only 5.7 percent. Because of this and the
diversity of specific mishap causes reported , no pattern or constel-

— lation of parameters could be identified that would bear directly on
modification or improvement of maintenance training devices. A summary

of the mishap data and accident reports examined is presented in
Appendix B.

4.0 DISCUSSION

The object of this study was to develop specific recomendations
for improvement of helicopter maintenance training devices . One question
was whether existing devices could be modified to improve their
training effectiveness, In reviewing each of the 28 training devices ,

the instructors were asked specificall y how the device could be
altered to improve its usefulness. With the exception of improving
visual access to components of the large , composite trainers by removing
sections of the skin and replacing them with plexiglass , no modifi-
cations of any consequence were identified .

Large items of electrical and hydraulic equipment were found
to have high operating noise levels that interfered with comunication
during training. This problem had been reduced in part by encapsulating
the noise sources with sound absorbing material either on the trai ner
or in adjacent enclosures . Where major remodeling of existing AET ’s,or

future procurements are contemplated , acceptable operating noise levels

L should be specified. A reasonable upper l imit of operating noise is
55 decibels. This would permit conversing in a “very loud voice 5’ at

- 
- 

~~~
. distances of up to 12 feet (30).

• : A second avenue explored for training device improvement was
that of augmentation , i.e., using addi tional equipment in conjunction

•1~ ¶
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with the primary training device , Here , any significant alternatives
would have to extend beyond the ancillary devices such as slide-tape
programs , video tape , etc., already in use at the training schools.
One such device was identified . It is the Audi-Pointer system described
-1 n Table 4. The device is -Interactive , prograninable and is designed
for self-paced instruction on schematic diagrams , charts and drawings.
It would be an excellent supplement to maintenance training where
students work with large items of AET or on a bench with operational
components.

A third alternative for improvement of training devices is
that of substitution , i.e., using a different type of training device
in place of one or more already in use. In effect this would be to
replace items of actual equipment for training wi th simulations and/or
to replace existing simulations with others that are more cost—training
effective. Certainly from a cost standpoint it is desirable to reduce
the number of large, composite (Type I and II) training devices needed.
And , as was pointed out in section 3.3 of this report, traditional ,
hard-wi red panel devices (Type IV-A) are prime candidates for replace-
ment by Type IV-C programmable, interactive devices (which are of
comparable cost at today ’s prices). In thus replacing (phasing out)
the traditional panels there will be a concurrent reduction in the
need for AET ’s because the interactive systems will absorb a significant
amount of the training now done on the AET ’s. At a minimum , time now
spent on AET ’ s for student orientation , familiarization , procedures
training, and theory of operation will be covered more efficiently on
an interactive simulation system.

This is not to say that such systems should replace all AET.
On the contrary, AET is necessary at some point in the training cycle.
The issue is to determine where that point is and which training
objectives are best achieved by it. As training requirements move
from “nuts and bol ts ” toward the more cognitive aspects of understand-
ing electronic, electrical and hydraulic systems, and the acquisition
of diagnostic and troubleshooting skills , the programmabl e Interactive
training devices become more appropriate than actual equipment. Such

-~ ---- --~~~~~~~~~—~~~~ .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- -~~~~~~--- - 
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devices integrate into a single system much of the media that are
traditionally used in an ancillary manner (e,g,, slide—tape programs ,
programed texts, etc.) while affording a s-jbstantia l degree of
student—system interaction and feedback of ;‘esults. Furthermore ,

-

- 

- 

since such systems are designed for self—paced use , they free the
instructor to concentrate on critical areas and to provide more one-
on-one instruction .

An argument against replacing operational equipment with
simulation is that a certain amount of “realism ” or structural
fidelity is lost. However , in view of the limited hands-on practice ,
diagnosis and troubleshooting afforded by existing AET ’s, as refl ected
in the device profiles presented earlier (Fig. 2, 3), the gains in
cost—training effectiveness far outweigh any loss accruing to reduced

• structural fidelity.
In summary, the c4evices currently used for helicopter main-

tenance training can be improved by substituting modern programmable
simulators for some of the large composite trainers , systems trainers
and hard-wired panels. in so doing , the following benefits would
accrue :

(1) greater opportunity for self-paced instruction
with immediate feedback of rL cults ,

(2) more effective instruction of procedures ,

diagnosis and troubleshooting.

(3) more efficient use of instructor time .

(4) integration of various media cj rrently
used separately.

(5) increased safety to students and instructors .

(6) reduced ambient noise.

(7) reduced power requirements .

(8) greater flexibility in training presentations
including updating and modification .

(9) no loss of capability to teach motor skills
provided adequate complement of AET is retained .

(10) reduced cost.
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5.0 CONCLUSIONS

The following conclusions are drawn with regard to U. S. Army
hel icopter ma intenance tra ining dev ices:

1. The existing devices have several shortcomings
including hig h cost and limited capability to implement
established principles of learning theory, e.g., self-
paced instruction , student-device interaction , and
feedback of results.

2, Possible improvements through modification of
existing devices are very limited and take the form of
greater visual access by replacing sections of housings ,
skin , etc., with plexiglass; reduction in operating noise

levels , and updating by replacement of appropriate
components.

3. Current Instruction with AET typically requires
use of ancillary media such as tape-slides , video , hard-
w ired panel boards , breadboards and misce l laneous printed
materials. This contributes indirectly to the overall
cost of training based on AET.

4. Use of large, compos i te tra iners for or ientation,
familiarization and training on components/subsystems is
not cost effective In view of alternatives provided by
simulation .

- 

- 
5. Use of AET for training electronics troubleshooting

and maintenance is not cost effective in view of alternatives ]
provided by simulation .

6. Physical fidelity of AET does not automatically -,

guarantee optimal tra ining effec ti veness or transfer of
training to the field. Procurement of AET should be sub- -

jected to the same criteria/justification of cost/training

- 
- I effectiveness as currently placed on simulation .

7. Recogn izing the need for the devel opment of basic
motor skills in the use of tools and installation , remova l ,

-

~~~
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-: etc., of equipment/components , some amount of AET will

remain essential , However, AET should not be used at
the expense of other vital aspects of training such as
the opportun ity for repeated practice of skills , contin-

uous testing of knowl edge gained , self-paced training
- and feedback of results ,

8. The state of the art ~n training technology offers
significant alternatives or sup~1ements to AET . The key
elements ot the state of tne art are its microprocessor
technology ; interactive display s including plasma panels ,
CRT ’s and programmable , hi gh speed , random access projection
systems; modular design for system expansion or contraction ;
and multi—system capabi lity via interchangeable display
panels and computer/microprocessor programmability .

9. The single best approach to improvement of helicopter
maintenance trai-ilng devices is to expand the utilization of
programmable , microprocessor simulators in conjunction with

• properly selected items of AET. Such systems:

L (1) cost roughly one-tenth that of a large ,

F composite trainer.

- (2) si gnificantly reduce the need for
traditional , hard-wired panels and
ancillary tape-slide programs .

- .  

(3) opera ce in accordance with established
principles of training/instruction.

-. (4) are safer and quiete r to use.

j - 

(5) require less space and power than
actua l equipment trainers .

(6) are easier and less expensive to
modify and up-date .

6.0 RECOMMENDATIONS

~ 4 :1 -
The fol l owing recommendations are made with respect to the

I 
- 28 helIcopter maintenance training devices studied .

4:
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Type I
1. AH-1G Composite Trainer and AH-1Q Composite Trainer
It is recomended that each copy of this trainer procured

in the future be supplemented with four or five interactive panel type

simulators with the object of reducing the total number of composite

tra iners needed , i.e., where two copies of the composite trainer
might otherwise be procured, substitute one copy of the trainer and
four or f i ve s imulators . It i s further recome nded that, if and when
the student load exceeds the present capacity of existing composite
trainers and additiona l equipment is contemplated , the aforesaid
simulators be obtained in lieu of additional composite trainers .

2. AH-1G Armament Systems Tra iner
While this device Is capable of firing a live ammunition it

is not so used. It is utilized primarily for pilot orientation and
preflight checks. Considering it s min imal presen t use for mai ntenance
training and the fact that maintenance personnel have l imited access
to weapons systems under operational conditions (typically during and

imediately after firing) where they might improve their skills on the
job, it is recommended that basic training and orientation be relegated
to an appropriate, less cos tly s imu l ator ,

3. AH-1G Armament Systems Maintenance Trainer
This device is used to train electronic and electrical trouble-

shooting and correction. Much of the internal circuitry of the
operational/test equipment is not necessary for training purposes.
Student-system -Interfaces can be appropriately simulated at a substantial
savings in cost, with concurrent improvement in training device reli-
ability/maintainability.

4. OH-58A Composite Systems Trainer
The recommendations made above for the AH-1G Composite Trainer -

apply equally to this device : each copy should be supplemented with
4 - 5 Interactive simulator (Type IV-C) devices to reduce by half
the number of composite trainers needed.

_ _  
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Type II

1. AH-1G Electrical and Hydraulic Systems Trainer
This device was found to be non-cost/tra ining effective. It -

i s lar ge, extremely noisy (ear protect ion is required) and expensive.
It has little provision for student practice or interaction , and
minima l capability for fault insertion . At ~he time it was examined

- 
- it was inoperative due to mal func .ions.

- - 
It is recommended that the training objectives for this device

-
- 

1 be reviewed and reallocated to less expensive , more effective oper-

ational part-task trainers or simulators . It is recommended further
- 

- that major refurbishment of the device or procj,~rement of additional

copies not be undertaken without a detailed consideration of the fore-

going alternatives.

2. UM-1A Flight Contr and Trans’cissior Trainer
This device is usad for demonstrating operation of the flight

controls and transmission system . It should be improved by providing

greater visual access to the gear assemblies and other unexposed
componen ts.

3. UH-1D Fuel~~Lstem Trainer
This device demonstrates effectiv~ly the operation of the

UH-1D fuel system. However , it is essentiall y a demonstrator and

students do not disassembl e, adjust , or otherwi se physically interact

wi th it. The device cost approximately $50,000 when it was purchased

-; in 1968. If and when it is to be replaced it is recommended that its

training functions be allocated to an interactive panel type simulator.

4. UH-1D Maintenance Trainer
This device is judged to be appropriate . No reconinendations

L i  for modification or replace~ent are mdde .

5. UH-1D Power Plant T-53-L-11 Trainer
This device is a dynamic model of the T-53-L-11 engine . It is

ii



considerably less expensive than the operational equipment and , because
of Its complexity and dynamic features, it could not be effectively

replaced with a two-dimensional representation . Its configuration is
judged to be appropriate for its training objectives .

6. UH-1H Electrical Systems Trainer
No modifications or substitutions are reconinended for this

device. Its configuration is judged to be appropriate for its training
objectives.

7. OH-6A Fuel Systems Trainer
No modifications or substitutions are recomended for this

device. Its configuration is judged to be appropriate for its training
objectives.

8. OH-6A Fuel Systems Trainer
This device is a three-dimensional static display comprised

of actual and simulated fuel system hardware. It should be phased
out in favor of a hig h quality two-d,mensional representation .

9, OH-6A Power Plant T63-A-5A Trainer
This device is a dynamic model of the T63-A--5A engine. It is

considerably less expensive than the operational equipment and,
because of its com p lex ity and dynam ic fea tures , it could not be
effectively replaced with a two-dimensional representation. Its
configuration is judged to be appropriate for its training objectives.

10. CH-47A Tubular Utility Hydraulic Systems Trainer
The design and use of this device are judged to be appropriate.

No recommendations for modification or substitution are made.

11. CH-47C Electrical Systems Trainer
The design and use of this device are judged to be appropriate .

No recommendations for modification or substitution are made. 
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Type III
1, CH-47A Hydraulic Board Trainer
To the extent that this device is used by students to practice

Installation , removal and adjustment of components it is judged to be -

appropriate . To the extent that it serves only as a demonstrator, it

should be phased out and replaced by a dynamic , two-dimensional , repre-

sentation retaining only those three—c~imensional actual equipment

components deemed necessary.

Type IV-A

All of the following tradit ional panel devices should be phased
out and replaced with interactive , programmable systems employing sing le

or multiple (-interchangeable) panels:

1. AH— 1G Electrical Systems Display Panel (1-79)
2. AH-1G Hydraulic Systems Display Panel Trainer (1-80)

3. UH—1B Electrical Systems Panel Trainer (1-70)
4. UH-1B Fuel Systems Trainer (1—69)
5. OH—58A Electrical Systems Panel Trainer (1-83)

6. OH—58A Instrument Systems Panel Trainer (1-84)

7. OH-58A Fuel Systems Panel Trainer (1-85)
8. 0l-f-58A Engine Oil Systems Trainer (1-86)

As shown previously (Figures 2, 3~, interactive devices (Type IV-C)

are superior to the traditional panel devices (Type IV—A) in fault

insertion , programmability , update/modifiab ility , student input , feed-

back to student input , multi-system flexibil ity , self-paced use and
-in teaching motor/cognitive skills. While the initial procurement
of an interactive system may be somewhat higher than a single traditional
panel device , the cost—train ing effectiveness would be significantly
greater for the interactive system. In some instances , the initial
cost of the interactive system would be less than that of the traditional

panel device since the latter cost about b40,000 to $75,000 per copy .

L
- .

— 

~
- 27



— ir~~

H 

-

Type IV-B
1. UH-1H/T53-L-13A Engine Trainer

2. UH-1H/T53-L-13A Multi-Purpose Engine Trainer

3. OH-58A/T63-A—700 Engine Trainer
The three devices reviewed in this category were engine trainers ,

used primarily to train pilots in proper engine starting and oper-
ating procedures and to tra i n ma intenance personne l to reco gn i ze and
troubleshoot mal functions. The UH-1H Trainers received very favorable
comments from instructors . The OH-58A Trainer was reported to be

— functionally unreliable and was not in use .
These devices cost approximately $250,000 each when purchased

in 1968. Although a simulated cockpit is provided with each , whereby
a student can interact wi th the system, they are essentially classroom
demonstration devices. Whether or not the cost of such devices is
justified on the basis of pilot training is beyond the purview of the
present study . As a procedures trainer for maintenance personnel ,

however , their cost can not be justified in relation to the training
benefits provided . If such devices are to be continued for use with -

pilots , it is recommended that the present practice of including main-
tenance personnel be continued. However, from the standpoint of train-
ing maintenance personnel apart from pilots , or in the absence of access -

to these lar ge engine training devices , the starting, operating and
troubleshooting procedures can be trained more effectively, and at
70% to 80% less cost (of equipment) with smaller programable systems. 

-

Accordingly, the latter alternative is recomended if and when the fore-
going conditions occur.

Type IV-C -,
No training devices in this category were reviewed on-site .

* * *

H

_ _ _ _ _  
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A P P E N D I X  A

Pictures of the Training Devices Selected for Study

— Device No. Page

AH-1G Composite Trainer 1-31 a-i

AH-1Q Composite Trainer (no picture) -- --
AH-1G Armament Systems Trainer 1-34 a-i

AN-1G Armament Systems Maintenance Trainer 1-33 a-i

- 

- OH-58A Composite Systems Trainer 1-81 a-2
AH-1G Electric & Hydraulic Systems Trainer 1-32 a-2
tJH-1A Fl ight Control & Transmission System

Trainer 1-68 a-2

UH-1D Fuel System Trainer 1-71 a-3

UH-1D Maintenance Trainer 1-72 a-3
UH-1D Power Plant T53—L-11 Trainer 1—37 a-3
UH-1H Electrical System Trainer 1-73 a-4
OH-6A Composite Trainer 1-63 a-4

OH-6A Fuel System Trainer 1-65 a-4
OH-6A Power Plant T63-A-5A Trainer 1-36 a-5

CI-l—47A Tubular Utility Hydraulic
Systems Trainer 1-47 a-5

CH—47C Electrical Systems Trainer 1-46 a-5
CH-47A Hydraulic Board Trainer 1-50 a-6

- 
- AH— 1G Electrical Systems Display Panel 1-79 a-6

AH-1G Hydraulic Systems Display Panel Trainer 1-80 a-6
UH-1B Electrical System Panel Trainer 1-70 a-7
UH-1B Fuel System Trainer 1-69 a-7
OH-58A Electrical Systems Trainer 1-83 a-7
OH-58A Instrument Systems Panel Trainer 1-84 a-8
OH-58A Fuel Systems Panel Trainer 1-85 a-8
OH-58A Engine Oil Systems Trainer 1-86 a-8
UH-1H/T53-L-13A Engine Trainer 1-89 a-9
Uh-1H/T53-L-13A Multi-Purpose Engine Trainer 1—90 a-9
OH-58A/T63-A-700 Engine Trainer 1-99 a-9 -

_
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Hel icopter Mishap Data Related to Maintenance
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Appendix B
Hel icopter Mishap Data Related to Maintenance

Helicopter mishap data compiled from reports published by
the U. S. Army Aviation Agency for Aviation Safety (USAAAVS) is
presented in Tabl e B-i. The reports (references 6.11) were for
varying periods between 1 Jul y 1969 and 31 December 1975 for the
AG-1G, tJH-i, OH-6A, OH-58, CH-47 and CH-54 aircraft ,

As shown in Table B—i , of a total of 13,037 mishaps reported ,
738 (5.7%) were attributed to maintenance error, 6803 (52,2%) to
material mal function /failure , 3772 (28,9%) to crew error and 1724
(13.2%) to ‘1other ”. The total misha ps Included 1043 fatalit Ies ,
2053 injuries and an estimated financial (material) loss of
$269,641,333.

Table B-2, compile d fro m mishap reports published in Flightfa x ,
for March through August, 1976 (references 12 - 28) illustrates the
diversit y of specific causes associated with helicopte r mishaps .
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