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I N T R O f l U C T  I O N

This report documents Phase I of this AIRTASK and presents a plan for Phase
I I .  Dur ing Phase I , discussions were held with ~‘A TRAGRU ILQ ., CO~~AVA1Rl 4A.C ,
and COMASWW INCPAC Staffs , NAMTRADET 103b and ~‘S-4l F RAMP personnel. Each of
these provided useful suggestions and meaningful insight s which helped guide the
conduct of Phase I and the development of plans for Phase II. Specifically the
discussants provided valuable guidance on the selection of aircraft systems for
study.

The following items were accomplished during Phase I:

1. Task Identification Matrices (TIM5) were developed for organizational
maintenance of the following S3A subsystems :

(a) Automated Flight Control System,

(b) Environmental Control System,

(C) Fuel and Inflight Refueling System, and

Cd) Auxiliary Power Unit.

2. The capabilities of existing maintenance trainers for the above systems
and their use in teaching were documented .

3. The FRAMP curriculum was reviewed .

4. The procedures used by Lockheed for the development of existing courses
were reviewed .

5. Detailed observations were made of technicians performing maintenance.

6. A complete library of S3A organizational maintenance manuals was
assembled and those dealing with the selected systems were reviewed .

7. A Phase II plan was developed and is presented in appendix B.

The TINs are included in appendix A. These tasks will be provided as a
baseline for the Phase II contractor to use in the development of trainer/media
specif ications.

CURRENT NAMrP.ADET/PP,MfP TRAINING AND TRAINERS

Automatic Flight Control System Trainin2—Most of the two weeks spent
in the AFCS training involves using handouts and technical manuals , primar ily
schematics, to review interfaces between the AFCS and other aircraft systems .
The instructors feel that the trainees need to know more about interfaces to
be able to identify problems caused by other systems , but reflected through
the AFCS. The AFCS trainer shows what the components look like, but not how
the components are installed in the aircraft. Most of the components indicate
failure symptoms through the flight control system , so there is a “si lhouette

”1
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of the aircraft on a pedestal attached to the trainer with miniature cor.trol
surfaces that move in response to control inputs. The trairser has a partial
cockpit mockup that permits trainees to “fly ’ the silhouette. Both trainees
and instructors expressed the feeling that , although the trainer is fun to fly,
it is of little value as it relates to the job of mair .tainir .g the AFCS. The
instructors wish that the AFCS trainer were connected to the Fiight Contrul
System trainer , so that the trainees could see the real flight controls mcve
instead of just the si lhouette , but they agreed that even this addi t icna l  level
of sophistication in the trainer would not substantially affect the 1e~trning of
troubleshooting and repair. ‘bst of the flight line level troubleshooting per-
formed on the AFCS is achieved through a built -in test panel in the pilot ’s
instrument panel. For the past 1-1/2 years, all of the aircraft systems have
had this automatic built-in test equipment , but the “autobite’ modification
was just being iiistalled in the trainer during our visit. This means that for
the last 1-1/2 years, the trainer has been incapable of supporting practice of
the primary automated troubleshooting task that forms the bulk of the organi:a-
tional level troubleshooters ’ activities .

While more detailed task analysis will he required to arrive at a firm
conc lusion , it seems reasonable to assume that a trainer using actual aircraft
components can be replaced using less costly media and/or a simulation based
trainer . Avionics systems such as the S3A AFCS with effective BIT and good
maintenance manuals would seem to be likely candidates for cost savings in
maintenance training hardware.

Fuel System Training —At the NANTRADET, about 2-1/2 days are spent on Fuel
System, of which about 5 hours are spent star.ding around the Fuel System trainer.
The instructor indicated that the trainer is used exclusively for “show and tell. ”
There is no hands-on practice with any of its components , since it would leak a
lot and require excessive maintenance if it were manipulated in this way. The
trainer is the only training equipment in use for Fuel System training .

The trainer has a capability for insertion of several faults through the
instructor ’s panel , but the faults do not produce the sane symptom in the trainer
that they do in the aircraft, so none of the instructors use this feature. The
trainer is a scale model using mostly actua~, components , but it also uses some
trainer-peculiar components. The instructor said that principles of operation
and the traditional kind of troubleshooting discussion are supported mostly by
handouts and technical publications, and that little or no time is devoted to
discussion of removal , installation , or other maintenance procedures.1 The in-
structor expressed admiration of the ECS Environmental Control System trainer,
and wished that he had a similar means of depicting what goes on in the Fuel
System to aid in teaching principles of operation and troubleshooting . Since the
trainer conceals most of the things that it does, other than filling up various
cells (which can be watched through windows in the cells) it doesn ’t really help
much in describing how the system operates.

The Fuel System trainer seems to be a prime example of a traditional approach ,
via existing Military Standards, which is inappropriate to the teaching require-
ment . More detailed task analysis in Phase II should allow the determination of
more appropriate training support requirements. It seems clear at this point,

1This is a hardwired panel which is similar in appearance to the EC II 12
.2
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however , that any future procurement of similar fuel system trainers should be
scrutinized to insure there is a specific need to support identifie’~ instruct.~cr~ l
requirements which cannot be met hith less costly approaches.

Auxiliary Power Unit— Maintenance of the AF~ at organizat~ona1 1e~el is e~t rere~1:
limited . The service ir. the aircraft consists ci. tightening connection ! If leaks
are observed , r e f i l l i n g  the oil tank , and removing and installing the ent . re API .
If  an API.! i s  removed , it is taken back tc the shop. If it needs any th i ng  other
tha n cleaning of f i l t e rs , it is generally sent back to the in t e rmed ia te - l eve l
shc~o. — 

‘ only hands-on practice associated with the APU is removal and installa-
tion • the aircraft , using a trainer that consists of an ac tual APU and a mockup
of the compartment in which the APU is installed in the aircraft . Twc-man teams
can practice disconnecting the lines, sliding the APU out on its tracks , and
removing it from the trainer. h andouts and technical manuals are used for limited
discussions of principles of operation and troubleshooting .

Trainer support for APU maintenance seems adequate. Only limited savings
seem promised through a more detailed analysis of API) maintenance tasks. It is
recommended that , if adequate funding is available, the “0” level power plant
maintenance tasks be analyzed , since it seems that requirements for hands-on
practice might be achieved in the FRAMP with NAI.ITRADET theory training supported
by media other than trainers.

Environmental Control System — Existing technical publications for the
Environmental Contro l System assume the use at organizational level of a test
set that no one actually uses. It was discoverec~ that the tester did not test
a number of things that it was supposed to , and it was nearly impossible to use
because of space limitations in the aircraft . As a result , almost all of the
troubleshooting performed at the organizational level is “shot-gunning,” (without
the use of the tester) a term offered by the people interviewed in the shop .
Rather than expand the NAMTRADET course to try to give troubleshooters additional
background to make up for the failure of the tester , the course was Cut almost
in half when they found that the tester was not usable at the organizational
level. The students were given handouts consisting of workbooks with questions.

Theory of operation, operational checks, and troubleshooting (deriving
symptoms from known component failures) were all taught using a large training
device called “the panel.” This device is a large graphic depiction of the
system schematic, with back-lighted data flow lines and little rotating valves
that can be used to show sequences of operation. The panel responds like the
system to instructor inputs on a mockup of the flight cruise controls for the
ECS. The instructors are extremely fond of and complimentary to the panel , but
several of the people in the shop volunteered that they felt they hadn’t learned
much in the course that turned out to be of value on the job.

There is an additional ECS trainer that is used for hands-on practice of
certain remove-and-install tasks for the ECS. This trainer consists of a mockup
of the ECS compartment in the aircraft with a number of ECS components installed .
The mockup includes fuselage foriners and stringers, but no skin. Two-man teams
practice several remove-and-install tasks, but for some of the more difficult
operations one of the team members is occasionally permitted to stand outside the
trainer and ass ist by reach ing through the aircraf t ’ s skin , a condition that 

is3
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p h y s i c a l ly  impossible in the real world.  Nevertheless , a nurber of t rar .sferab le
skills are probably learned during practice with this device.

The instructor could recall only one ECS system nod.ficaticr. that had to be
installed tn both of the training devices , and h~ indicated that .his was done
without much difficulty, requiring approximately one day to modify both t r a ine r s .
The panel accommodates minor changes in data flow fairly easily.

It is expected that the detailed analysis of ECS maintenance tas .s will
yield specifications for a maintenance trainer which w ill use a great deal of
simulation and allow the practice of troubleshooting . Additionally, this trainer
should serve as an evaluation tool for the development of revise.i maintenance
procedures to reduce the current reliance on “shot-gun” or trial-and-error
troubleshooting.

Troubleshootipg — Some time was spent talking with instructors about the
distinction between troubleshooting as it is presently taught and troubleshooting
as an activity that has to be performed on the job. All of the ~A~i”RADET in-
structors take essentially the sane approach : they teach the system thoroughly,
then talk their way through the system one component at a time , failing each
component and showing how to figure out what the symptom of that component
failure would be. This writer believes that troubleshooting , as an activity
performed on the job , is a different activity that involves different mental
processes: a symptom , that could be caused by any of a number of different
failures, is brought to the man ’s attention and he must apply some process, hope-
ful ly a logical or.e, to isolate the cause of the symptom . Trainers incorporating
simulation technology provide opportunities to teach troubleshooting viewed this
way.

Rev iew of Ex isting Task~ SkilL Knowledle (TSK) Data — The TSK data from which
the original S3A NAMTRADET courses were developed seems to be comprehensive and
thorough. This was due in large measure to the assignment of four of the
NAMTP.ADET Chief Petty Officers to Lockheed for several months. They instructed
the Lockheed course developers in the use of NAi TP%AGRU 1540.B and reviewed the
products. Unfortunately, increasing pressure has been put upon the NA~!TF~ADET to
reduce course length. In revising courses to reduce training time , the course
objectives, SO Carefully developed, have been revised into less specific , theory-
oriented statements. For those systems studied in Phase II , task and training
analyses will assist course managers in making courses job-specific and will
provide supporting logic for course durati ”n .

FRAMP PRACTICAL JOB TRAININ G (PJT)

The FRAI’IP PJT curriculum was developed from the basic concept , expressed by
CWO3 Larson, that they were training men to work in a maintenance department .
To achieve this, a mini-maintenance office was set up with VIDS/IIAF boards and
a work assignment supervisor. Parts salvaged from a crashed S3A were used to
create “bad” parts. A part, with known defects, was inserted in an aircraft
assigned to the FRAMP and a gripe was entered on a VIDS/HAF NAVMACLANT TEST
FORJ.1 4790/4lE. A total of 386 JOB PLANS, each with a different gripe, was
created. On the face of it, this PJT looks like the most appropriate, well-
thought-out training plan for maintainers. Because this PJT package is believe

d4



NADC-77291-60

to be un ique in i ts completeness and in it s  approach , a thorough eva lua t i on
should be conducted. This evaluation is recomn.ended as a follow-on to Phase II
of this pro jec t .  In many cases, an augmented Fi~fJT, using th i s  PJT approach ,
can adequately handle a l l  organiza t iona l level  maintenance t r a i n i r ~ .

Phase II of this effort has the following three goals:

1. Develop a trainir .g system specif ication for t ra ining organizationa l
level maintenance technicians for the S3A :

(a) Environmental Control System ,

(b) Automatic Flight Control System , and

Cc) Fuel Control System .

2. Develop maintainer performance evaluation criteria to measure the
effectiveness of training .

3. Develop decision logic and criterion values for evaluating the
adequacy of existing maintenance training units (MTUs) .

The first goal will be accomplished under contract. The proposed statement
of work is attached (appendix B).  It is anticipated that this work can be
completed 3 to 5 months after award of contract.

The second goal will be developed , using data developed during the
accomplishment of the contract , by in-house effort . These performance
criteria wi l l  be used as acceptance criteria for the MTUs . This task will
be coordinated with the f i rs t  goa l and wi l l  be completed in 7 months.

The third goal would be accomplished as a joint in-house contractor e f fo r t
with NAVAI R 413 designated personne l , NAVTRAGRU , and NTEC . The third goa l w i l l
be pursued concurrent with the f irst  and second goals , wi l l  be completed in draft
form in 7 months, and wi l l  be validated and f inal ized af ter  the procurement and
evaluation of the specified maintenance trainers.

Phase II should be undertaken only if it is planned to buy the specified
maintenance trainers and conduct an evaluation of their usefulness.

S
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APP ENDIX A

TASK IDENTIFICAT ION ~~TRIX (TIM) REPORT

prepared by

Applied Science Associates
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APPE~.I)IX A

TAS K WENTlF1~ATL\ ~
.‘YR IX (‘1 !~l) I~.tUO! ~T

This report ar.d its att~chmer.:s dccu~er~ .~~~~~~~~
‘ S :iurt~ in ~~r.st ructtr .g

ar.d ~alidat:ng Task I~ c:~~tficati on ~a r i~ (fl’s). The f~ur subsystems s’~lectcd
for TIM ~.evelopmer.t were the Auxili~u . F~~ cr Unit , ~he i r:;~rcr .mc:t.~l Co~.tro l
System , the Automatic Flight Control Systc~ . and the 1.~ i ar.L In-F’~ight Pefuel~ r.~System . Tachnical pub licatior.s available to use here in Valencia were USed t o

develop prelimir .ary T11 s for all of the systei~.o except t~’.c Autor:ati c Fli ght
Control System , for which we had insufficier.t documentatior.. The TIM for the
AFCS was constructed at  ~AS , ~.crth Is land .

Preliminary TIM Deve1op~ent — In ccr.szructir.g the T M  icr each subsystem ,
we began by going through the Illustra ted Parts Breakdown and ider.tifyir .~; all
fur.ctianai components in the system that were au thor i z e d  for any maintenance at
the organizational level. ~c specifically excluded frc~ the TiM such things ar
electrical and hydraul ic  connectors , hy draulic and pneu m atic  l in es , and atta~-
ing hardware such as nuts , bol ts , screws , washer s , gaskets , brackets .  kher.ever
it was unclear f r om the IPB or from associated work pa~ka~es whether a l’~rticular
hardware item was functional or not , the item was inc l uded as a line item in the
T M .

All line entries in. the TIM qualified for remove-and-install tasks at the
organizational level , at least, and were so noted . The maintenance and trouble-
shooting work packages for each of the systems were examined , and additional
TIM cell entries were made to cover all tasks for which there were work packages
or for which instructions were provided in work packages for other hardware items .
When items were specifically mentioned at the terminal points of troubleshooting
procedures, that fact was also noted in the TIM . Whenever work packages existed
for more than one task for a given line item , references to the specific work
packages were ir.~ luded in the “Notes” column in the TIll, and the cell entries
were given subscripts corresponding to the notes. The letter ‘C’ in a cell
demotes the judgment that such a task is performed at the organizational level.
A dash (-) in a cell indicates the judgment that no such tosk is performed at
the organizationa l level. A “W” denotes both the existence of such a task and
the presence of instructions for the task in a work package . As mentioned above ,
numerical subscripts to the “W” entries were used when a hardware item was
covered by more than one work package. Page numbers and callout numbers from
IPS or work packages were included with the line items in the TIM .

TIM Validation — Validation of the preliminary TIM was conducted at the North
Island Naval Air Station in San Diego. The process followed in validating the
TIM involved spending time ‘;ith senior maintenance personnel in the s!~ops res-
ponsible for maintenance of the systems with which we were concerned . I~e
assembled the relevant technical publications and , as we proceeded through the
TI M , we simultaneously tracked the IPB and the maintenance and troubleshooting
work packages. Whenever questions arose that our experts couldn ’t answer , they
would call in other people or we would resolve the question by examining the
hardware involved , either in the shop or on the aircraft . For each line item in
the TIM, every cell was investigated . In cases where we had inappropriately

A- 2



NADC-7729l-60

included or excluded a cell  entry (according to the expert),  the entries were
corrected to conform to the expert ’s judgment .

Note that the construction of the TIM for the AFCS did not identify any
troubleshooting tasks in connection with 0-level replaceable components. Trouble-
shooting of the AFCS is accomplished at the whole system level using comprehensive
Eli.

A- 3
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APPENDIX B

STATEMENT OF WORK

Develop , usi ng Navy-provided task identification list (augmented by on-site
contractor observations),  a training system specification for organizational
level mai ntenanc e t raini ng for the following systems of the S3A:

1. Envirorun enta l Contro l System.

2. Automatic Flight Control System .

3. Fuel Control System.

The following sub-products must be developed and delivered, af ter approval:

1. Skills and knowledges analysis - identifying S~K required for per-
form ing described tasks:

(a) S~ K in students repertoire and

(b) S~K to be acquired in training .

2. Specific Behavioral/Performance Obj ectives for training system
graduates.

3. Curriculum Outline .

4. Media/Method selections .

5. Functional and , where possible , material specifications for required
MTUs .

6. Suggested entry level and completion tests to detert~ine whether SBOs
have been achieved .
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