
*D—AOeO 596 UNITED TECHNOLOGIES CORP STRATFORD CT SIKORSKY A IRCR—— ETC F/s 1/3
ANALYSIS OF HELICOPTER MAINTENANCE FAULT ISOLATION CRTTERIA/TEC——ETC (U)
OCT 79 T N COOK DAA ..JG2—77—C—0071

UNCLASSIFIED SER—510022 USARTL,—TR—79—2j NL

_ _ _ _  _  

a
I ____ _

_____ 
!E!i Uli S 

__  

I



I 0 ~II2~ ~~L ~~~~~~~~~
_ _ _ _  

~ 32 tIIII~
2

~ 
Ii ~

I OIH~11111’ .25 IIIU~. nui~
4

MICROCOPY RESOLUTION TEST CI-I~~T
NATIONAL RIJREAU OF STA NDARDS-~963-~



___ - —

USARTL-TR-79-21 ~~

ANALYSIS OF HELICOPTER MAINTENANCE FAULT ISOLATION
CRITERIA/TECHNIQUES

Thomas N. Cook 
D ~ C

Sikorsky Aircraft Division ¶
1:3C~ United Technologies Corp. FEB 7 1~~

~fj Stratfor d, CT 06602

E
r:L~October 1979

Final Report for Period October 1977 - April 1979

Approved for public release;
distribution unlimited.

C-’

~.11

1.3
~~~ Pr.par.d for

APPLIED TECHNOLOGY LABORATORY
U. S. ARMY RESEARCH AND TECHNOLOGY LABORATORIES (AVRADCOM)
Fort Eustis , Va. 23604

80 2 3 0.1:1



_ _  • - -_ _ _ _ _ _  
~~~~~~~~~~~~~~ 

APPLIED T~~HNOLOGY LABORATORY POSITION STAT~ 4~~T

This report presents the results of a detailed investigation designed to
identify and quantify specific deficiencies with fault isolation main-
tenance of Army helicopters. Although the investigation confirmed that
fault isolation maintenance is a significant factor in the cost of opera-
ting Army helicopters, the frequency of occurrence of over 85 percent of
the 542 individual failure symptoms identified was no greater than once in
2,000 flight hours. The deficiencies relating to fault isolation mainte-
nance data were considered for further investigation in Task II because
their elimination would provide the greatest overall improvement to fault
isolation maintenance. As a result of this investigation, the fault isola-
tion analysis technique (FIAT) was developed, which greatly facilitates
the identification of symptom/cause relationship and the collection, pro-
cessing and organization of information and data required for the prepa-
ration of fault isolation procedures for maintenance manuals.

This Laboratory concurs with the findings of this program and that FIAT is
considered to be a significant improvement in the way fault isolation pro-
cedures are developed. The reader is cautioned that this investigation
did not analyze the avionics and armaments subsystems of the helicopter
and no attempt was made to relate the findings of this program to those
subsystems. The USA 1]~RCOM Materiel Readiness Support Activity is plan-
ning follow-on efforts to refine and possibly integrate the FIAT methodo-
logy in the logistic support analysis programs.

Ifr. John Ariano, Aeronautical Systems Division, served as technical
monitor for this contract.
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The findings in this report are not to be construed as an official Depertment of the Army position unless so
designated by other authorized documents.

When Government drawings, specifications, or other data are used for any purpose other than in connection
with a definitely related Government procurement operation, the United States Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the Government may have formulated, furnished.
or In any vesy supplied the said drawings, specifications, or other data is not to be regarded by implication or
otherwise es in any manner licensing the holder or any other person or corporation, or conveying any rights or
permission, to manufacture, use, or sell any patented Invention that may in any way be related thereto.

Trade names cited in this report do not constitute an official endorsement or .pproval of the use of such
commercial hardware or software .
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SUMMARY

The object i ves of this program were to investigate the problems wi th fault
isolation maintenance in Army aviation and to develop soluti ons for future
improvements. By direction , the study covere d all systems of Army aircraft
except avionics and armament.

Prob lem Invest igat i on

The CH-54 helicopter was selected as the model for the study. Among the
more sophisticated of the Army ’s current a i rcra ft , the CH-54 possesses a
number of subsystems not found on smaller helicopters in the inventory ,
maki ng it a particularly good choice for the study of fault isolation main-
tenance. In the late l960~s, the U.S. Army contracted with Sikorsky Air-
craft to collect R&M data on CH-54 helicopters operating here in the United
States and at overseas bases in Europe and Southeast Asia. Called the ORME
(Operations Reliability/Maintainability Engineering) Program , i ts objectives
were to assess the R&M performance of the CH 34 in the field , to i den ti fy
problem areas and to develop recommendations for improving the desi gn of.
the aircraft and its supporting resources.

The ORME data was processed and analyzed. Records of maintenance involving• fault isolation were extracted from the ORME files , and structured descri p-
tions of the reported symptoms were prepared. A computer file containing
5,500 corrective maintenance actions known or believed to have involved

• some type of fault isolation was developed , and a detailed statistical analy-
sis of the data was conducted. An analysis was also conducted to evaluate
troubleshooting data contained in the maintenance manuals for the CH-54
hel icopter. Troubleshooting data extracted frQm the rnanuá~s were compared
with the symptoms and causes actually experienced with the CH-54 in the
field.

Field Surveys

Surveys were conducted to investigate the experience of Army field personnel
with fault isolation maintenance. The surveys covered the CH-54 and two
other Army helicopter models: the AH- l and CH-47. Six helicopter operating
activities were visited , and a total of 41 mechanics , technicians , p ilots
and maintenance administrators were interviewed. Included in the field
surveys was a visit to the U.S. Army Av iation Maintenance Training School
at Fort Eustis , Virginia where training in fault isolation maintenance was
discusse d. Visits were also made to three Army agencies and one defense
contractor to survey current technology in the development and publication
of fault isolation data for the new-generation Army systems.
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Results of the Prob lem Investigation

The investi gation confirmed that fault isoltation maintenance is a signi-
ficant factor in the cost of operating Army helicopters. For the CH-54
helicopter , it was determined that approximately 1 in 3 corrective mainte-
nance actions on nonavionics systems of the helicopter i nvolves some type

• • of fault isolation. The average troubleshooting task was found to consume
approximately 1.4 man-hours. The direct cost of fault isolation maintenance
on nonavionics systems of the aircraft , includ ing the cost of documented
errors in troubleshooting , was estimated at $25 per flight-hour. Signifi-
cant findings were obtained with respect to:

Failure symptoms and causes

Training and experience of field personnel

• . Frequency and cost of troub leshooting errors

Man-hour , downtime and logistics cost of fault
• isolation maintenance

• Combat versus noncombat experience

Contract versus Army maintenance experience

• Availa bility and quality of fault isolation
resources in the field

One of the complaints most frequently voiced by Army personnel in the field
concerns the generally poor quality of fault isolation maintenance data on
present-day Army systems. Major criticisms include widespread omissions
of significant symptoms and causes , poor organization and i ndexing of infor-
mation and inefficient troubleshooting procedures. Problems with l anguage
and communication are also frequently cited. In the latter part of the
program , an effort was undertaken to develo p an improved approach to the
development of fault isolation maintenance data for complex systems.

Fault Isolation Analysis Technique (FIAT)

Called FIAT (Fault Isolation Analysis Technique), the evolved method greatly
facilitates the identification of symptom/cause relationships and the collec-
tion, processing and organization of data required for the preparation of
maintenance manuals. It reduces the task to a series of small , independent
judgements and decisions which , when brought together , provide a working
guide for preparation of system troubleshooting procedures . Most important,
by allowi ng the engineer or writer to deal indivi dually with discrete items
of information , it relieves him of having to formulate an overall trouble-
shooting logic from the outset and lessens the demands on his personal ex-
perience and knowledge of the system.

4
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The FIAT approach applies primarily to nortavionics systems whose modes and
symptoms of failure do not generally lend themselves to automated test and
the more sophisticated forms of diagnostics. The methods could be applied
to avionics systems, however, either to provide a backup for the prmary
diagnostics system or in applications where diagnostic hardware is not
considered cost-effective.

FIAT involves four major tasks that culminate in the generation of outline
fault isolation procedures for the system:

1. A system functional analysis

2. A system failure modes analysis

3. Description of fault isolation task candidates

4. Review , consolidation and editing of procedures

A system functional analysis is performed to establish the criteria for nor-
mal system performance and to identify potential modes of abnormal perfor-
mance (the system malfunctions). Next , a system failure modes analysis is
conducted to identify failures with a potential for causing each type of
malfunction. This establishes a framework of symptom/cause relationships
for the system.

A computer file of fault isolation task candidates is constructed. For each
symptom/cause candidate , information pertinent to the fault isolation task
is recorded. This includes the expected frequency of occurrence , methods
of fault confirmation and fault isol ation , and the estimated time to fault
isolate. A computer program processes the data and generates two outputs
that are used in the preparation of fault isolation maintenance data for
the system. The first output is a comprehensive listing of symptoms and
causes, the Fault Isolation Task Candidate List , which the analyst reviews ,
condenses and assigns to logical groups that will each form the content
of a troubleshooting procedure.

After editing, a troubleshooting procedure number is assigned to each symp-
tom/cause set, and the computer program outl i nes the content of each trouble-
shooting procedure. An algorithm defines the preferred troubleshooting
strategy based on protmoilitl es of failure and expected fault isolation times.
rhe computer-generated Outline Fault Isolation Procedures List , the final
product of FIAT , provides a worki ng guide for the technical writer in the
preparation of the maintenance manual.

The FIAT methodology is viewed as technically and procedurally compatible
with existing Army program requirements in the areas of R&M, Logistics
Support Analysis and Technical Publications.

5
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INTRODUCTION

Previous inves tigati ons con ducted by the Army 1 ’2 have determine d that
faul t  i so la t ion  maintenanc e is a s ign if ican t contri but or to the cost of
main ta in in g Army aircra ft . It has been shown that much of th is mainte-
nance is performe d incorrec tly an d that trou b lesho ot i n g tasks are often
repeated many times in the process of isolating system malfunctions.

Substanti al costs may be associated with improper fault isolation. At the
operating l eve l , maintenarce actions that must be repeated waste man-hours ,
equipment and facilities and degrade operational readiness. When such
mainten ance caus es the unnec essary rep l acement of good componen ts , added
costs are suffere d in supp ly an d in  componen t processing at the h ighe r
maintenance levels. Mission reliability may also be affected. Frequently,
confirma tion that a faul t  sti l l  exis ts occurs after the aircraft  i s air-
borne.

Improper fault isolation is known to have many causes. Sometimes it is
caused by the reluct ance of maintenance personnel to fo l low prescri bed
troubleshooting procedures and to work instead by trial and error methods.
Skills and training may be i nadequate. Equipment and test points may be
i naccessible. Aircraft indicators and fault warning devices may be in-
accurate or mislea ding. Troubleshooting instructions and test equipment
may be complicated and difficult to use.

This program was un dertaken to i nves tigate the prob lems associate d with
fau l t  isolat ion maintenance in Army aviat ion an d to develo p solut ions
for future improvements.

1 Cook , T. N., Young , R. L., and Starses , F. E, MAINTAINABILITY ANALYSIS OF
MAJOR HELICOPTER COMPONENTS , Kaman Aerospace Corporation , USAAMRDL-TR-
73-43, U.S. Army Air Mobility Research and Development Laboratory , Fort
Eustis , VA , August 1973, AD 769941 .

2 Hol bert , C. , and Newport , G., HELICOPTER MAINTENANCE EFFECTIVENESS ANALY-
SIS , Sikorsky Aircraft Division , USAAMRDL-TR-75-14, U .S. Army Air
Mobility Research and Development Laboratory , Fort Eusti s, VA , May 1975 ,
AD A0l2225.

13

--

~

• • ~~~~ ._ .~~~~~•_ ___ _ •  ~~~~~~~~~~~~~~~ •• • - - - •- —4



_________ 
•. —. ••• .~

- •.-. - •  ________
.. ..~ 

• -. -— —- ...—• - -—.— .,—.Th’~.——•- .--• —•—-— —•

NATURE OF FAILURES AND FAILURE SYMPTOMS

TYPES OF FAILURES

Fai lures  in a system are discovered in one of two ways : They are v i sua l ly
• observed in  the course of ins pect ion s or other act i vi t ies  on the a i rcraf t ,

or they cause some type of malfunction or abnormal system performance.
When the same mal func tion can be pro duced by di f fe r ent fa il ures , or the
rela tions hi p between the mal funct i on an d the fai l ure i s obscure , the mal-

• function is said to be a symptom of the failure , an d trou b leshooting i s
necessary.

Visu ally Observed Failures

Cer tain fa i lures  are d iscov ered only by sight , never causing a malfunction
of the aircraft. Airframe skin cracks and worn tires are examples of this
type of failure. It is very im probab le that e i ther of these con dit ions
coul d ever progress to the poin t of affect in g the performance of the a i r-
cra ft , an d if they d i d, there woul d be no need to fau l t  isolate ; the cause
would be obvious.

There are cases , however , where a discrepant condition normally found by
ins pecti on progresses to the point of causin g a system malfunc tion . Cor-
ros i on of control rod bearings would normally be detected by inspection
lon g before the stage that it began to cause b in d in g or control travel re-
strictions . However , it is poss ib le that such a d iscre pancy mi ght escape
ins pection and , particularly in an extreme environmen t, be the cau se of
a problem requiring fault isolation.

Symptom-Producing Fai l ures

Most fau l t  isol ati on involves f a i lu res  that cann ot be detected vi sua l ly ,
only sensed as some type of malfunction. Failure of i nternal components
of electronic devices is typical of this type. Failed resistors and
transistors cannot be seen , althou gh in  some cases it may be possi b le to
test for the onset of f a i lu re  an d correct the condit ion before system
performance is affected.

Of those failures normally detected via the occurrence of malfunctions or
abnormal system performance , some are manifeste d in a symptom unique to
that par t icu lar  f a i lu re  or in a symptom that can be easi ly i nvestigate d
by a sim p le ins pection . A mechanical lock for a swive l ing  nose wheel or
tai l  wheel is of this  class . If the lock f a i l s  to engage , either the lock
pin is broken or there exists some binding or i nterference in the control
l i n k a ge , either of which coul d be found simply by inspection. Failures of
th is type are relat ivel y easy to faul t isolate .

14



- • The more obscure the relat ionship between the f a i l u r e  and the evidence of
failure (the symptom), an d the greater the num ber of possi b le causes of
that same symptom , the more complex the fault isolation problem becomes:

Sim ple Fault  Isolat ion Pro b lem Comp lex
— Visu al ~~ Metho d of Fa i lure Detection ~~ N onvisual

Uni que ~~ Failure-to-Symptom Relationship —b. Ambiguous

One ~~ Number of Pos si b le Symptom Causes ~~ Many

PROPERTIES OF SYMPTOMS
-
• A symptom is an observation of abnormal system performance. These obser-

vations , made by either the f l i g h t crew or maintenance crew , may consist
of as many as four separate observations:

1. The observed system or component (what? )

2. The observed malfunction (how?)

3. Nature or degree of th e malfunc t ion  (how much? )

4. Conditions under which it occurs (when?)

Observed System or Component

An i ntrinsic property of symptoms is the system or component of the air-
craft observed to be ma l func t ion in g or , in the case of instrument- i ndicated
symptoms , conveyin g the message of a malfunction. This is the “what”
property of the symptom. Typical systems or components that might be
cited as th e subject of a f a i l u r e  symptom ar e:

Aircraft

Cyclic Stick

Rotor Brake

Hydraul ic  Pressure Gage

• Etc.

In some cases , the observation is of the fa i led  i tem i tself , as when a
l amp bulb burns out. Here , the symptom and the failure are the same , al-
though fa i lu re  of the bulb  to i l l umina te  may also be a symptom of other
fa i lures  (fuse , switch , wiring , etc.).

15
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With most fault isolation prob l ems , the system or component of the aircraft
observed to be malfunctioning, or through whic h an i ndication of malfunc -
t ion is conveyed , does not denote the fa i lure . An example i s a pressure
swi tch failing , which prevents a valve from opening , which prevents the
engine from starting (the symptom). Here, only an in d i rect association
exists between the observed malfunction and the failure . Failures of this
type consti tute the mor e dif f i cu l t  troub leshooting prob lems .

Observ ed Malfunc tion

The observed malfunction is the second intrinsic property of a symptom.
This is the “how” property. Observed mal functions can usua l ly  be descri bed
in a few words. Typical descriptions are:

Vi brates

Creeps

Fail to release

Fluctuates

Etc.

The observe d malfunct ion , in combi nation with the observe d system or corn-
ponent , descri bes a symptom :

Aircra ft - vi brates

Cyclic  st i ck - creeps

Rotor brake - fails to rel ease

Hydraul ic  pressure gage - fluctua tes

Etc .

It is im portant to separate the description of the basic symptom from the
nature or degree of the symptom and the conditions under which it occurs.

Nature or Degree

Some types of symptoms may vary in nature or degree , e.g. , d irection ,
speed , frequency or severity . Vibration , for example , is a general
type of symptom , the specific nature or degree of which i nvolves a num-
ber of varia b les , i.e., location (engine , tai l , etc.), direction (lateral ,
vert ical ) , fre quency (low , high), amp l i tude  (moderate , severe ) . Other
types of symptoms are not variable in nature or degree but are rather of
a go/no-go character. “Rotor brake fails to release” is an example.
Here the symptom is completely described by the observed component (rotor
brake) and observed ma l function (fails to rel ease).
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Symptom Con d i tions

The fourth factor that may be needed to describe a symptom is the conditions
under wh ich i t occurs . Condi t ions may rela te to weather (temperature , wi nd ,
etc.), aircraft configuration and weight (fuel load , s l i ng  l oad , etc.), and
aircraf t  f l i ght mode (att i tu de , speed , type of man euver , etc.). Conditions
may also re l ate to the operat i on or nono pera tion of par ti cu la r  equipment
(automatic flight controls on or off , etc.) . Like nature or degree , condi-
tions do not pertain to every type of symptom. “Winds hield wipers i nopera-

• tive” is an example. The only “condition ” is an implied one (when the switch
is thrown), and it need not be specifically stated to describe the symptom.
A sample of symptoms illustrating the four elements is presented in Table 1.

• TYPES OF SYMPTOMS

A symptom is basically an observation of abnormal performance. These
observations may be of three types:

1. Observable System Malfunction

2. Instrument Indication

3. Other Crew Sensory Perception

Observ ab l e System Malfunc tions

A system malfunct ion is witnessed by the operator when a system func tion
ei ther fails to occur or occurs abnormally. Engine fails to start, rotor
brake f a i l s  to release , wheel brakes chatter are examples of observe d

• system malfunc tions. In each case the operator observes directly that a
system function has not transpired normally, al though the problem may be
one of operator procedure rather than a fault in the system.

Instrument Indications

In the case of an instrument or warnin g light indication , the operator
receives a signal tha t a system has fa i le d , is in the process of failing ,
or is performing abnormally; but unless the instrument indication is
accompanie d by an observab le system malfunction , he cannot be certain
of this , since the indication may be false. Examples of instrument m di-
cations are : hydraulic pressure gage rea ds low , engine tach indicator
f luctuat ing , fuel pressure warning light illuminated.
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Other Crew Sensory Perce pt ions

Other crew sensory percept ions re l ate to unusual s ights , soun ds , odors ,• etc. , that may be indicative of a system failure or malfunction. Vibration ,unusual noises , and fuel odors are examples.

A symptom will consist of one or more of these three types of observations.
For examp le :

Symptom: Engine Oil Temperature Gage Reads High

Symptom: Engine Fails to Start
and Fuel Pressure Light Illuminated
and Engine Fuel Odor
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STUDY CANDIDATE AND HISTORICAL DATA BASE

STUDY CANDIDATE

Fault isolation maintenance may reasonably be expected to vary with the
relative complexity of an aircraft as reflected by the number of subsystems
it comprises and the number of i nterfaces between them. Among the Army ’ s
current f l e et of a i rcra ft, the CH-54 (Figure 1) is a particularly good
choice for the study of fault isolation maintenance. A single main rotor/
tail rotor aircraft , the CH-54 is more representative of the Army ’s next
generation of helicopters--Black Hawk and AAH--than either the two-bladed
teetering rotor or tandem rotor aircraft that comprise a large part of the
current fleet. Also , the CH-54 possesses a number of subsystems not found
on most of the smaller , le ss sophis t ica te d a i rcra ft i n the inventor y,namely:

- Multiple Engines
Engine Air Particle Separators
Aux i l iary Power Plan t
Wheele d Land i ng Gear
Multiple Hydraulic Systems
Rotor Brake

- Car go Hoist
External Pod and Load Leveler System

• Automatic Fli ght Control System (AFCS)
- Aft P i lot’ s Controls
- Vo ice Warn ing System

These add i t ional  su bsystems also require more extensive electrical networ ks ,
• p lum b in g and aircraft  in strumentation , making the CH-54 among the most so-

phisticated of the Army ’ s current aircraft.

HISTORICAL DATA BASE

In the late 1960’s the U. S. Army contracted* wi th Sikors ky A i rcraf t to
collect R&M data on CH-54 helicopters operating here in the United States
and at overseas bases in Europe and Southeast Asia. Cal led the ORME (Oper-
ations Rel iability/Maintainability Eng i neering) Pr ogram , its objectives
were to assess the R&M performance of the CH-54 in the field , to identi fy
prob lem area s, and to develop recommendations for improving the design of
th e aircraft  an d its supporting resources . Sikorsky technicians stati oned
at various Army fiel d units collected data on CH-54A and CH-548 helicopters
over approximately a 6-year period , beg inn ing  in  1968 an d endin g i n 1974.
More than 57 ,000 aircraf t  operatin g hours wer e monitore d and more than
50,000 maintenance actions were documented. Table 2 gives important statis-
tics on the ORME Program .

* U. S. Army Aviation Systems Command Contracts No. DAAJO1-68-C-O5l2 and
DAAJO1 -71 -C-064l
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TP~BLE 2. ORME DATA BASE

CH-54A CH-54B Total

Period Covered (Months) 33(1) 36(2) 69

Average Number Aircraft 63 25 88

Flight—Hours

Conus 10,800 8,047 18,847

RVN 34,966 - 34,966

Europe 2,227 1,124 3,351

Total 47,993 9,171 57,164

Maintenance Actions

Corrective 13,536 4,665 18,201

Preventive 26,445 6,184 32,629

Total 39,981 10,849 50,830

(1) January 1968 - September 1970

(2) April 1971 - March 1974

• Under the ORME Program , all corrective maintenance on the aircraft was docu-
mented , i nclu d in g t he removal of a l l  parts and components from the aircraft.
Records were also kept of flight activity on the aircraft and all preventive
mai ntenance inspections performed. Figure 2 shows the Discrepancy/Corrective
Acti on Report used to record corrective maintenance events.

L
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Information recorded on the Discrepancy/Corrective Action Report provides a
complete description of the failure and corrective maintenance , i n c l u di ng:

Reporting Organization

Date

Aircraft

Model
Serial Number
Fli ght Time

Failed Item

Nomen c la ture
• Part Number

Federal Stock Number
Quantity
Time in Service
Disposition

Failure Description

Mode
Symptom
When Discovered
Probable Cause

Maintenance Action Descri ption

Type of Action
Man-Hours
Elapsed Maintenance Time

Personnel

MOS
Number of Men

Aircra ft Downtime

Mission Effect

Because it was collected by full-time , factory-trained data collectors , the
ORME data is of excellent quality . Of special significance to the analysis
of fau l t isolat ion maintenance , this data , unlike field-type data generally
availa bl e (TAMMS , 3-M , etc.), records both the mode of failure and the symp-
toms of failure . The presence of symptom descri pti ons enab led a h istory of
faul t isolation maintenance experience with the CH-54 to be constructed.
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DATA PROCESSING AND ANALYSIS

The ORME data on the CH-54, described in ~iw pre’ t .lin g ~-~#~~t ion of the re-
port , was processed and analyzed to constr ict ~ histor . 0’ ta u l t isolation
maintenance on the aircraft. The task was accomp Hs ’ ed in two phases. In
Phase I records of mainten-~nce involving f i ult iso ’~.t on were extracted
from the ORME files and structured descri ptions ot t r~~ reported symptoms
were prepared. In Phase II the structureUl .ymptom desc r iptions were added
to the set of ori ginal ORME records , selected data was converted to coded
form for processing by computer . and a computer program was written to
generate statistical tabulations of the data f o r  ana l y s i s .

PHASE I DATA PROCESSING

Figure 3 illustrates the flow of the Phase I data processing. The ORME
data had been computer-processed by Sikorsky under the ori ginal contracts
with the Army . At the conclusion of the ORME program , all of the data had
been placed on magnetic tape files and stored in Sikorsky ’ s data processing
facility . The corrective maintenance records were stored on two magnetic
tape reels , one covering the CH-54A and the other the CH-54B. Contained on
the two reels of tape were records covering approximately 18,000 corrective
maintenance actions on the aircraft.

It was recognized initiall y that only some of these actions could have in-
volved some type of fault isolation maintenance. Many of the failures oc-
curring in service , particularly with mechanical systems , are discovered
by visual inspection. These are failures that either produce no observable
malfunction of the aircraft when they occur or are found by visual means
before they reach that stage. The first task of the analysis was to ferret
out the corrective maintenance actions i nvo lving some type of crew-reported
system malfunction and to ascertain which of these i nvolved troubleshooting.

Computer Screening of the ORME Data

In order for a correctiv e maintenance acti on to have invo l ved troub le-
shootin g, it was reasoned that it would have had to occur as a result of a
malfunction discovered during operation of the aircraft or ground operation
of equipment. Screening rules were developed to extract from the ORME files
records of maintenance meeting these criteria. First , a screenin g was con-
ducted on the “Reason for Report” code , and records containing the following
codes were removed from the file:

-
, 3 - Damaged Accident

5 - Damaged Combat
6 - Scheduled Removal
7 - Cannibalization
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ORME ORME OPJIE
Corrective Maintenance CH-54A CI1-54B (18,200 Records)

Data Fi les FILE FILE
(Magne tic Tape)

Screen by: I~~~en and

System Code M!rge into

Reason for Report Code 
Single File

When Di scove red Code

Fault Isolation
( Task Candidate ( (12, 100 Recotds)

F i l e

Sort and

(12 ,100 RecOrds )
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Prepare structured
faul t symptom and ~ Syrnptoe/
fa i lure mode Mode Da ta (5 ,500 Records )
descriptions . Sheets
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Figure 3. Phase I Data Processing and Analysis
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Next , the “When Discovered” code was screened and records containing the
fo ll owing co des were remove d from the file :

4 - Daily Inspection
7 - Special Inspection
8 - Acceptance Inspection
9 - Transfer Inspection

Records of maintenance to correct failures discovered during Intermediate
and Periodic inspections were retained , because both of these inspections
include power-on checks during which malfunctions requiring troubleshooting
might have occurred.

Fina lly, since the con tract statemen t of wor k exclu ded cons iderat i on of a i r-
craft avionics , records containing the avionics system codes were removed
from the file. Records covering aircraft instruments and the avionics por-
tion of the AFCS (Automatic Flight Control System) were retained.

The two tape files were screened and simultaneously merged into a single
file - . As a result of the screening , the number of records was reduced by
approximately 1/3 , creating a file containing 12 ,100 corrective maintenance
events potentially involving some type of fault isolation. A computer pro-
gram was wri tten to sort and print th i s group of records , called the Fault
Isolation Task Candidates File. Figure 4 shows the format of the report.

Manual Screening of the ORME Data

Each record in the file of fault isolation task candidates was examined to
determine whether fault isolation was i nvo l ved w ith the mai ntenance action
being reported. This determination was made on the basis of the symptom
described and the failure reported. The process was basically one of re-
movin g from further cons iderati on those maintenance events that correc ted
failures discovered by visual evidence. Worn tires , cracked fairings , and
scratched windshields are examples of failures that obviously are seen
rather than found by troubleshooting. Although other types of faults are
not as obvious as these , the determination of whether or not troubleshoot-
ing was involved in locating the reported fa i lure was usu all y straigh tfor-
ward. There was no way of ascertaining , absolutely, that troubleshooting
was involve d in a maintenance act ion , however. A fluctuating pressure gage
shoul d have required troubleshooting to determine whether the gage was at
fault or the sensor , the pump , etc . It is conceiva bl e that the mechanic
guessed at the cause and ar bi t r a r i l y  rep l aced a component w ithout trouble-
shooting , but there was no way of ascertaining that fact from the data.

Development of Structured Fault Symptom Descri ptions

One of the important features of the ORME data was the inclusion of sym-
ptom descriptions in the corrective maintenance reports. These descrip-
tions and descri ptions of failure modes when recor ded were containe d
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in narrative text included in each of the records. The narratives con-
formed to no spec i f i c  cons truct i on and containe d varied descri pt ions of the
same or similar symptoms and failure modes. In order to be able to process
these elements of data by computer , it was necessary to convert them to a
structured and consistent format.

As discussed in the section entitled “Nature of Failures and Failure Symp-
toms~ , a symptom may consist of as many as four separate observations:

1. The observe d system or component

2. The observed malfunction

3. Nature or degree of the malfunction

4. Conditions under which it occurs

For each of the mai ntenance events determine d to have i nvo l ved troub le-
shootin g, the reported symptom was translated into a structured form con-
sist ing of as many of these four observations as were applicabl e. The
struc tured fault symptom descr ipt ions were recorded on forms for key-
punching , together with several additional elements of data.

Where the narrative text contained in the ORME record described the mode
of f a i l u r e  of the i tem repaire d or rep l aced , the failure mode descri ption
was extracted from the text and recorded. Three-digit codes identifying
the aircraft subsystem in which the symptom was obs erved and the aircraft
subsystem in which the failure was found were also recor ded. Append ix A
lists these codes. The last element of data recorded on the form was the
ORME report number , a unique key by which the transcri bed data woul d later
be matched to the original ORME record.

Review of the Fault Isolation Task Candidates File resulted in the ex-
traction of app roximat ely 5,500 corrective maintenance actions known or
believed to have involved some type of fault isolation. The structured
symptom descr ip tions and supp lemental data just descri bed were prepared
for this group of actions , the data was key-edited into a computer file ,
an d the f i l e , called the Symptom/Mode Descri ptive Data File , was stored
on a direct-access storage device.

PHASE II DATA PROCESSING

Figure 5 illustrates the flow of the Phase II ORME data processin g and
analysis . A computer program was written to merge the Symptom/Mode Des-
criptive Data File with the Fault Isolation Task Candidates File , creating
a new file contain ing the 5 ,500 selected maintenance act ions , calle d the
Fault Isolat ion Task Data File. In the process of creating this new file ,
selected fields of data from the original ORME records were comb i ned with
the data contai ned in the Symptom/Mode Descriptive Data File records and
merged into a single recor d 269 characters in length.
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Figure 5. Phase II Data Processing and Analys is (1 of 2)
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Figure 5. Phase II Data Processing and Analysis (2 of 2)
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Table 3 shows the format of the Fault Isolation Task Data record and indi-
cates the source of each fiel d of data. Fi ve fields of the record whose
source i s shown as “File Edith were padded with constant data at this point
as shown below.

Initial
Field Value

Event Sequence Code 11

Troubleshooting Time Fraction 050

Observed Malfunction Code 000

Observed Component Code 00

Fail ed Component Code 00

These el ements of data were later modi fied selectivel y and edi ted in to the
file via a time-sharing computer terminal . A computer program was written
to generate listings of the fault Isolation Task Data File. Figure 6 shows
the report format.

Identification of No-Defect Actions and Fault Isolation Errors

A smal l number of the original ORME records contained statements to the
effect that the reported ma i ntenance actions were not successful in
correcti ng the reported faul ts. Wordin g such as “Problem Not Solved” re-
cor ded in  the commen ts section of the ori gi nal record identi fied these
few events. The vast majority of records provided no indication that the
reported main tenance acti on s wer e other than succ essful  f i r s t attempts at
correcting the reported faults. It was suspected that many other errors
in troubleshooting had occurred that were ei ther unrecognized or un-
reported by the ORME data collectors , and an analysis was conducted to
identify them.

The Fault Isolation Task Data File was sorted chronologically by aircraft
serial  num ber an d date , and a l istin g of the fi le was produced. An air-
craft maintenance anal yst from Sikorsky 1 s Product Support Department , ex-
perienced in maintenance of the CH-54, was assigned to analyze the data and
identify no-defect reports and cases of repetitive troubleshooting.

No-defect actions , i.e. , reports of symptoms that coul d not be confirmed by
mai ntenance personnel , were identified by either or both of the followi ng
conditions :

1. Failur e Disposit ion Code

O (Checked On-Aircraft - Tested OK) or
G (Removed - Tested OK - Made RFI) 

-
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TABLE 3. FORMAT OF THE FAULT ISOLATION TASK DATA RECORD

Field Source Length

1. ORME Report Number ORME Record 5
2. Event Sequence Code File Edlt* 2
3. Troubleshooting Time Fraction File Edit 3
4. Observed Malfunction Code File Edit 3
5. Observed System Code S/M Record ** 3
6. Observed Component Code File Edit 2
7. Failed System Code S/M Record 3
8. Failed Component Code File Edit 2
9. Ai rcraft Model ORME Record 6

10. Aircraft Serial Number ORME Record 5
11. Reporting Organization Code ORME Record 4
12. Date ORME Record 6
13. Aircraft Total Time ORME Record 5
14. Reason for Report Code ORME Record 1
15. When Discovered Code ORME Record 2
16. Mission Effect Code ORME Record 1
17. Organizational Level Man-hours ORME Record 3
18. Organizat ion Level Elapsed Time ORME Record 3
19. Direct Support Man-hours ORME Record 3
20. Direct Support Elapsed Time ORME Record 3
21. Total Aircraft Downtime ORME Record 4
22. Personnel MOS Code No. 1 ORME Record 5
23. Personnel MOS Code No. 2 ORME Record 5
24. Failed Assembly Part Number ORME Record 16
25. Failed Assembly Nomenclature ORME Record 16
26. Failed Assembly Quanti ty ORME Record 2
27. Failed Assembly Failure Mode S/M Record 20
28. Failed Assembly Disposition ORME Record 1
29. Sub-Assembly Part Number ORME Record 16
30. Sub-Assembly Nomenclature ORME Record ~ 16
31. Sub-Assembly Quantity ORME Record “ 2
32. Sub-Assembly Failure Mode S/M Record 20
33. Sub-Assembly Dispositi on ORME Record 1
34. Observed System or Component S/M Record 20
35. Observed Malfunction Description S/M Record 20
36. Nature/Degree of Malfuncti on S/M Record 20
37. Symptom Conditions S/M Record 20

269

* Edited into the record via computer terminal.

**Symptom/Mode Descriptive Data Record
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2. Failure Mode Description contains the statement
“Checked OK” or sim i lar language

When events of thi s type were encountered by the maintenance analys t,
he was instructed to change the Event Sequence Code to 110011 on the com-
puter listing with which he was working.

The analyst also studied the listing looking for reports of symptoms that
were not properly corrected by maintenance personnel , as evidenced by
either or both of the following:

1. Failure Mode Descri pt ion contains the statement
“Problem Not Solved~ or similar l anguage.

2. The same or a similar symptom was reported on the
same aircraft within a few flight-hours .

When ei ther of these condi tions was encountered , the analys t was i ns truc-
ted to change the second digit of the Event Sequence Code to zero on the
computer listing. Further , when repetitive occurrences of the same symp-
tom were detected , the analyst was instructed to change the first digit 

-

of the Event Sequence Code to indicate the chronological sequence of events
after the first. For examp le , if three maintenance events related to the
same malfunc tion were detected , the fi rst digit of the Event Sequence Code
for the f i r s t  action in  the series woul d be le ft unch anged at ~ 111 an d the
first digit of the Event Sequence Code for the second and third actions
would be changed to 11 211 and 113 11 respectively. Upon comp letion of the
analysis , the Event Sequence Codes provided a numerical key by which no-
defect actions and faul t isolat ion errors were identi fied , and by which
repetitive actions related to the same symptom were linked. Examples of
modified codes are shown bel ow:

Event Sequence Code Interpretation

0 0 No-Defect Action

1 0 Unsuccessful Fault Isolation Task
1st Event

1 1 Successful Fault Isolation Task -

1s t Event (All events i nit ially
assigned this code.)

2 0 Unsuccessful Fault Isolation Task —

2nd Event

3 1 Successful Fault Isolation Tas k -

3rd Event
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Analysis of Troubleshooting Time Factors

The original ORME data reported the total man-hours and elapsed maintenance
time expended on each maintenance action. No breakdown of maintenance time
was g i ven , however , and i t was not poss ib le to separate faul t isola tion time
from the repa i r , rep l ace , and checkout portion of i ndi vi dual mai ntenance
tasks. All of the 5,500 corrective maintenance events that surv i ved the
screening to be included in the final file were known to have involved , or
were suspected of having involved , some type of fault isolation. Therefore ,
it was assumed that some fraction of the total maintenance time reported on
each action was devoted to troubleshooting. An analysis was conducted to
estimate these troubleshooting time fractions.

The Fau lt Isolation Task Data File had a field reserved in each record
for the Troubleshooting Time Fraction , the estimated part of the total
ORME reported man-hours expended on troubleshooting. Initially, al l  of
the 5,~OO records in the file were assigned a Troubleshooting Time Frac-
tion of .50, i.e. , an initial estimate that half of the reported man-
hours wcre expended on troubleshooting. These estimates remained un-
changed unless analys i s i nd icated that a higher or lower fraction shoul d
be assigned to a given task.

Allowa ble Troubleshooting Time Fractions ranged from a minimum value of .1
to a maximum value of .9, except in the case of no-defect actions which
were assigned a value of 1.0. Assignment of the value .1 indicated the
analyst1 s opinion that most of the reported man-hours (90%) were expended
on performing the final  correct i ve action , i. e., on repair ing or rep lacing
the failed i tem. It reflected the view that the faulty item was probably
found rather quickly or that the item was repaired or replaced without
troubleshooting. Assignment of a .9 Troubleshooting Fraction , on the other
hand , in dicated the opinion that only a small part of the reported man-hours
was expended performing the final correct i ve action and that the fault was
probably difficult to locate. Fractions between .1 and .9 reflected the
analyst’ s judgement of the relative difficulty of the troubleshooting task
between these limits .

The listin g of the Fault Isolation Task Data File was organized by common
faul ts and failed items , so that al l  repairs  or rep lacements of a given
component related to a specific symptom were grouped together. The an-
alyst scanned each grouping to determine whether some or all of the ac-
tions in the group shoul d be assigned Troubleshooting Fractions higher or
lower than the .50 value initially assigned . Guidelines for maki ng these
estimates were provided to him. Troubleshooting Time Fractions were re-
vised for more than 3/4 of the records in the file , and the revised esti-
mates were edited into the file via a computer terminal.

Addi ti on of Observ ed Component Codes

As explaine d earlier , during creation of the file of 5,500 ma i ntenanc e
act i ons , three-digit codes were added to each record to identify the air-
craft system in which the malfunction was observe d and the system in which
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the failure was found. Space was reserved in each record to expand these
codes by two digits to identify (where possible) the specific component of
the aircraft observed to be malfunctioning and the specific component that
had failed. The purpose of these additional codes was to facilitate com-
puter processing of the data. It was later decided that the part numbers
of the failed components recorded with the orig i na l ORME data were su ffi-
cient for computer processing and that the addition of a failed component
code would be unnecessary .

The file of 5,500 maintenance actions was sorted by Observed System Code
and Observed System or Component Description , and a listing of the file was
produced. An analyst reviewed each record and , wherever the described fault
cited a specific component of the aircraft , marked the listing with a two-
digit code identify i ng that component . If the reported symptom cited only
a system of the aircraft , no entry was made. The Observed Component Codes
were added to the file via a time-sharing computer terminal. Appendix A
contains the list of codes that were used.

Addition of Malfunction Description Codes

During crea ti on of the f i le of 5,500 maintenance actions , the symptom des-
cr ipti ons recor ded in  narrat ive form with the or i ginal ORME reports were
translated i nto a structured format consisting of four individual obser-
vations , one of which was the type of malfunction observed. The observed
malfunction was recorded in each record in a 20-character field called
Observed Malfunction Description. To aid computer processing of the data ,
a three-character field was reserved in each record for the addition of a
numerical malfunct ion description code.

The file was sorted by Observed Malfunction Description and a listing of
the file was produced. An analyst reviewed each entry and marked the list-
ing with a three-digit numerical code corresponding to the described ma l-
function. Appendix B lists the Malfunction Description Codes. When
slightly different descriptions of the same malfunction were encountered ,
the analyst combi ned them under a single code. The codes were added to the
file via a computer terminal.

Generation of Reports

The computer program used to generate file listings for the various ana-
lyses just descr ibed was mod ified to print the fo l lowing totals at speci-
fied changes in key fields as shown in Figure 7.

Total Organizational Level Man-hours (OHRS)

Total Direct Support Man-hours (DHRS)

Total Aircraft Downtime (DOWN)

Total Mission Aborts (ABT)
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When the f i l e  ed i t i n g was comp lete , a ser ies of reports was genera ted for
analysis of fault isolation maintenance experience on the CH-54.

ANALY SIS OF FAULT ISOLATION PROCEDURES

An analy sis was con ducte d to evalu ate trou b leshootin g data con taine d in
the maintenance manuals for the CH-54 helicopter. Troubleshooting data
extracted from the manuals were compared with the symptoms and causes
actually experienced with the CH-54 in the field , as docum ented i n the
ORME records. Each symptom reported in the ORME data was cross-referenced
to the troubleshooting table(s) in which it was covered. Symptoms listed U

in the manuals but not experienced in the field were noted. A population
of symptoms experienced in the field was examined in detail to determine
the extent to which significantly occurring causes are covered by the
manuals and the efficiency of the troubleshooting instructions relative
to isolating the most probable causes.
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FIELD SURVEY METHODS

The or igi nal p l an for this program cal le d for surveyin g faul t isola tion
mai ntenance experience with the CH-54 helicopter at representative field
operating activities. The objective of the surveys was to obtain infor-
mation on fault isolation maintenance problems with Army aircraft in the
field. After the CH-54 field surveys were completed and the results of
the surveys were analyzed , it was concluded that the CH-54, because of
the exceptionally high experience level of the crew chiefs and flig ht
engineers doing the majority of troubleshooting on the aircraft , may not
have been representative of other helicopters in the Army inventory . It
was decided at that point to modify the program to include surveys of
two other current- i nventory helicopters. The AH- l and CH-47 helicopters
were selected for these additional surveys because these two models are
expected to remain in the i nventory for many years. The purpose of the
additional surveys was to attempt to determine if the conclusions about
helicopter fault isolation maintenance arrived at through study of the CH-54
were applicable to the Army helicopter fleet as a whole.

Table 4 lists the dates and locations of the surveys and the number of
people interviewed at each survey. Interviews were conducted with a total
of 35 maintenance personnel and 6 pilots. Table 5 lists the - MOS and rank
of the survey participants. ‘

TABLE 4. FIELD SURVEY SCHEDULE

Acft . Acft. Persons
Date Location Unit Model Qty. Interviewed

Apri l Fort Sill , 273rd Transportation CH-54B 9 7
18-20 Oklahoma Company

May Fort Rucker , Northrop Worldwide CH-54B 3 3
3—4 Alabama Aviation Services

May Topeka, 137th Aviation Co. CH-54A 9 7
15-18 Kansas Army National Guard .

June Fort Wainwright , 343rd Aviation CH-54B 4 9
5-8 Alaska . -

‘ Detachment

October Fort Campbell , A Company , 159th CH-47C 16 8
11-12 Kentucky Aviation Bn , 101st

Airborne Division

October Fort Bragg , A and B Troops, 1/17 AH-1G/ 5 7
18—19 North Carolina Air Cavalry , 82nd AH-1S 13

Airborne Division
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TABLE 5. MOS AND RANK OF FIELD SURVEY PARTICIPANTS 
U

Pay Grades
Military Occupational E-4 E-6 Cap- Civil-

• Specialty (MOS)/Job Title E-5 E-7 CW-4 tam ian

35K Avionics Mechanic 1

35L Avionics Coninunications 1
Equipment Repairman

35P Avionics Equipment 1
Maintenance Supervisor

67U Medium Lift Helicopter 2 4
Repairman

67W Aircraft Quality Control 2
Superv isor

67X Heavy Lift Helicopter 4 9
Repairman

67Y Attack Helicopter 1 1
Repairman

67Z Aircraft Maintenance 2
Senior Sergeant

68B Aircraft Power Plant 1
Repairman

68F Ai rcraft Electrician 3

Master Mechan ic 1

Avionics Technician 1

100 Pilot 5 1 1
Total 12 20 5 1 3
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GENERAL SURVEY METHOD

Each interview was attended by a group of from two to three maintenance per-
U sonnel. Most sessions were attended also by at least one pilot. At the

start of each session with a new group , the objectiv es of the program were
explained. The participants were advised that the purpose of the i nter-
views was to learn what the experience of people working in the field had
been re l ativ e to certain main tenance prob l ems w i th the aircraf t , and that
the questions they would be asked were not i ntended to test their knowledge
or ability . Further , it was explained that many of the symptoms to be dis-
cussed were known to occur infrequently and that they may , therefore , not
have experienced a given problem or may not have experienced it recently
enough to recall the needed information. Whenever they felt unsure about
discussing a particular area of maintenance , they were ins t ruc ted to state
so, and that topic would be omitted.

Prior to the start of each session , a personnel data sheet was f i l l e d out
for each person in the group. Shown in Figure 8, the data sheet recorded
information relative to each individual ’ s training , maintenan ce experience ,
and present job assignment.

CH-54 SURVEY QUESTIONNAIRE

The CH-54 surveys were organized i nto three sections. The first section
con sume d a major part of each survey and covered a detail ed d i scussion of
typical symptoms and their causes and the problems i nvolved with trouble-
shooting these symptoms . The second section required much less time and
explored the participant 1 s knowledge of symptoms associated with the fail-
ure or malfunct ion of various aircraft components. At the close of each
survey , a brief period was spent with some general questions related to
f a u l t  i sola tion maintenance . Overa l l  concerns an d recommen dat ions were
also solicited.

In preparation for the surveys , the processed ORME data on the CH-54 was
examine d , an d a popu lati on of symptoms havin g a hi gh fre quency of occur-
renc e, a signi fi cant trou b leshoot in g error rate , and/or requiring a high
average number of man- hours to fault isolate were selected for study.
Several infrequently occurrin g symptom s were inc lu ded in the sample to test
the ab i l i t y  of f iel d personnel to recognize prob lem frequency . A total of
36 symptoms comprised the selected sample.

CH-54 Survey, Part I

A three-page ques tionnaire , shown in Appen d ix C , was develo ped to collect
data on the sample of 36 symptoms. Each symptom was covered by a separate
questionnaire . Part A of the questionnaire described the symptom. Part B
cont aine d s i x questi ons relate d to the detection and report ing of the symp-
tom and its frequency of occurrence. Questions pertaining to confirmation
of the symptom and the occurrence of no-defect reports were covered in Part
C.
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PERSONNEL DATA

Name : __________________________ MOS : — Rank: __________

Unit: _________________________ Location: ______________________

TRAINING :

All Helicopter: _______________________________________________________

Survey Model : _________________________________________________________

MAINTENANCE EXPERIENCE (YEARS):

All Helicopter : ____________ 
Survey Model : _________

TROUBLESHOOTING EXPERIENCE (YEARS):

All Helicopter : - Survey Model : _________

SYSTEM EXPERIENCE:

0 Airframe El Rotors El Fuel

LI Landing Gear LI Power Plant EIIJ Hydraulics
LI Flight Controls 1~ Drives U Electrical

LI Utilities Instruments [3 Avionics

CURRENT ASSIGNMENT:

L IAVUM LI AVIM Function : ____________________________

Figure 8. Personnel Data Sheet
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In Part 0, f ie l d personnel were aske d to l ist , in order of probability ,
known causes or possible causes of the symptom. As many as five causes
(failed or defective components) could be listed , and the partici pants were
asked to rank the relative ease or difficulty of diagnosing each cause.
The ranking considered both the ease of checking the component in place or ,
in the absence of a method of checking the component , the ease of replacing
it as a method of confirmi ng or elimi nating the cause. Al so in Part 0 the
participants were asked to judge from their own experience whether the fault
isolation error rate related to that symptom , as reflected by the ORME data ,
was hi gh , low , or average.

Part E of the questionnaire asked the participants to describe their
approach to troubleshooting the symptom and to estimate the rel ative diffi-
culty of the task and the time involved. Part F covered resources used in
the troubleshooting task and asked the participants to assess their ade-
quacy.

The questionnaire s wer e filled in by the Sikorsky engineer conducting the
in terviews . Questions were asked in the context of an informal discusssion ,
and the participants were encouraged to volunteer opinions and to make re-
commendations.

CH-54 Survey, Part II

Part II of the CH-54 survey was concerned with assessing the ability of
fiel d personnel to recognize symptoms associated with the failure or mal-
function of speci fi c aircraf t component s. Prior to the start of the sur-
veys, the p roce ssed ORME data was searche d for components which had cause d
varied malfunctions of the aircraft , i.e. , had exhibited multiple symptoms
in service. A sample of 30 components was selected.

Forms were prepared on which to record the nomenclature and part number of
the 30 components , an d the symptoms of fa i l u r e  related to eac h that were
suggested by field personnel during the i nterviews . The form is shown in
Appendi x C . Illustrations taken from the ai rcraf t parts catalo gs were
shown to the people being interviewe d when they had trouble recogni zing a
particular component from the nomenclature and part number.

CH-54 Survey, Part III

The concluding part of each CH—54 survey involve d a general discussion of
U fault iso l ati on maintenance during which the participants were encoura ged

to comment on any subject of concern or i nterest to them. In addition , two
general questions designed to assess field personneUs perception of fault
isolation work , relat i ve to their other duties , were asked :

1. On average , what percentage of your work i ng time is
spent on troub leshootin g versus all  other types of maint-
enance (servicing , inspection , repair , replacement , etc.)?
People experienc ing difficulty arriving at a percentage

- 
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value were as ked to estimate in suc h terms as the
number of hours per week , num ber of days per month ,
etc.

2. What percentage of the total failures (repairs and
replacements) occurr i ng on the a i rcraf t  woul d you
estimate are discovered v ia i nspection versus
troubleshooting?

Visit to the Aviation Maintenance Training School

Included in the CH-54 field surveys was a visit to the U. S. Army Av i ation
Maintenance Training School at Fort Eustis , V i r ginia , to discuss training
in fault isolation maintenance. Interviews were conducted with two instruc-
tors teaching the Heavy Lift Helicopter Repairman ’ s Course (MOS 67X), one of
whom was a former CH-54 flight engineer and the other a former CH-54 crew
chief. Discussions covered the scope of training in fault isolation mainte-
nance , the nature of the training , an d the use of tra i n i ng a ids and mater-
ials. Opinions concerning deficiencies with current instruction and meth-
ods of improving fault isolation skills in the field were solicited. The
prospect of creat i ng a troub leshooting spec ial ist MOS for Army aviat ion
was explored.

AH- l AND CH-47 SURVEY QUESTIONNAIRE

The study of fault isolation maintenance experience with the CH-54 involved
both an analys is of recorded maintenance data on the aircraft and surveys
of representative CH-54 operating bases. The field surveys were structured
alon g spec i f ic  l ines  of in quiry that analys is  of the h is torica l data had
in dicated were fault isolation problem areas. Lacking an equivalent source
of data for the AH-l and CH-47 helicopters , i t  was necessary to dev el op a
more general survey method for these aircraft.

The primary objective of surveying these two aircraft was to determine whe-
ther the sco pe of nonavion i cs systems troub leshooting established for the
CH-54 and its cost to the Army in terms of man-hours , error rate and improper

U parts replacements were typ ical of other helico pters i n the inventory . There
was reason to suspect that the exceptionally high experience level of the
CH-54 crew members minimized the problems they had with troubleshooting.
The second objective was to determine whether criticisms voiced by CH-54
maintenance personnel related to such top ics as technical manuals and train-
ing were shared by maintenance personnel assigned to other aircraft in the
inventory.

Assess ing the magnitude and cost of fault isolation maintenance on the AH- l
and CH-47 helicopters presented a greater problem than it had on the CH-54,
since it required that all of the quantitative data be obtained through in-
terviews. (With the CH-54, the interv i ews were used only to supplement
quantitative data developed through analysis of the ORME recor ds .) It was
known at the outset that fiel d personnel would have difficulty making quan-
titative estimates of problem frequency , error rates , etc. An effort was
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made to facilitate this task by requesting that the estimates be g iven in
terms to whi ch field personnel coul d most eas i ly rel ate , such as the num-
ber of times they woul d expect to perform a given tas k in a month or a
year , and by bracketing estimates in terms such as the percentage of tasks
requi r i ng more than 8 hours , less than 1 hour , etc. The second objective
was one that could be met using basically the methods that had been used
to survey maintenance experience on the CH-54. Because the surveys of
the AH-l and CH-47 were to be less detailed than the survey of the CH-54,
it was possible to expand somewhat that part of the survey dealing with
these topics.

A copy of the AH-l/CH-47 field survey questionnaire is conta i ned in Appen-
dix C. The questionnaire contains 50 questions organized i nto eight general
topic areas. Part I covers statistical data on the numbers and utilization
of aircraft at the survey site. Parts II and III address the detection ,
reporting and troubleshooting of symptoms experienced on the aircraft.
Instrument-related symptoms were found to be a significant contributor to
fault isolation problems on the CH-54, and Part IV of the AH-l/CH-47 ques-
tionnaire contains several questions on this subject. Troubleshooting re-
sources (technic al data , training and test equipment) are covered in Parts
V through VII. Part VIII concludes the questionnaire with questions re-
lated to two major recommendations evolving from the CH-54 surveys.

STATE-OF-THE-ART SURVEY

Visits were made to three Army agenci es and one defens e contractor to survey
current tec hnology in the devel opment and pub lication of fault isolation
maintenance data for the new-generation Army systems. The following offices
were visited:

U.S. Army Material Readiness Support Activity (MRSA),
Lexington , Kentucky

AAH Program Of fice, St . Louis , Miss our i

U.S. Army Tank-Auto~notive Readiness Command (TARCOM),
Sterlin g Heights , Michigan

Warren Defense Division , Chrysler Corporation, Warren , Michigan

Di scussions centered on the SPA (Skill Performance Aids) concept in the
technical pub lications fiel d , and specifically the extent to which the
Front End Analysis (FEA) technique required by SPA was affecting the scope
and content of troub leshoo ting procedures. MRSA , the agency with cognizance
over SPA , was visited first to discuss the overall concept and its app lica-
tion. The effects of SPA on troubleshooti ng procedures for the Army t s
Advanced Attack Helicopter (AAH) and XM- 1 Tank were investigated in the
remainin g three visits.
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RESULTS OF THE ORME DATA ANALYSIS

ANALYSIS AND TABULATION OF SYMPTOMS

The first step in analysis of the ORME data was to sort the file of 5,500
mai ntenance actions by Observed System Code , Observed Component Code, and
Mal function Description Code. This sequenced the file by symptoms and
collected together the ORME records associated with each symptom.

The file was listed and analyzed , and a tabulation was made of the recorded
symptoms . Whenever the same symptom , or essenti ally the same symptom , was
found described in different ways, the two or more descriptions were corn-
bined into a single symptom description. As reported earlier , some comb in-
ing of differently described symptoms had been accomplished when the Mal-
function Description Codes were being assigned during creation of the file.

Each of the tabulated symptoms was l isted i n the standard format as fol lows:

Observed System or Component/
Observed Malfunction; Alternate Malfunction Description*
(Nature, Degree , Conditions)*

*where app licable

Typical symptom descriptions derived from the ORME data are listed below :

Aircraft!
Vi bration (High Frequency)

Col lective Stick!
Creeps; Light; Heavy

EPR Indicator!
Fluctuating; Errat ic

Cargo Hook!
Will Not Release

Symptoms were then grouped according to general types of system malfunc -
tions , and tables summarizing the principal ORME-recorded statistics were
prepared. A section from one of these tables is shown in Figure 9. The
ri ght-most column of the table contains the number of different causes re-
corded in the ORME data for each symptom.
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Type of Symptom: Wheel Brake Malfunctions

Maintenance Event Man-Hours Acft
No Fault Down Missio~ Io.ofSymptom Total Defect Error Total Isol . Time Aborts ;auses

Wheel Brakes!
Soft; Spongy 10 18 5 11 2

Wheel Brakes!
Binding ; Grabbing ; Chattering 15 2 58 16 54 2

Wheel Brakes!
Locked Up; Will Not Release 11 1 5 37 9 25 1

Parking Brake!
Inoperative; Will Not Hold;
Will Not Release 19 1 42 13 31 6

Total 55 3 6 155 43 121 11

Figure 9. Sample Fault Symptom Table

Symptom Grouping and Classification

An effort was made at two different stages of the analysis to group together
multiple descriptions of the same symptom. In many cases it was obvious
from the descriptions themselves that exactly the same symptom , or essen-
ti al l y the same symp tom , was being reported. “Collective stick stiff” and
“collec tive sti ck b in d in g” are two different descriptions of essentially
the same malfunction. It may be assumed in cases such as these that the
two descriptions woul d be used interchangeably and that fiel d personne l
woul d view either report as the same troubleshooting problem.

In many other cases it was suspected that different descriptions were be-
ing used to report the same symptom , but there was no way of establishing
that fact from the data . A typical example is the symptom “engine surg-
ing ’1 and the symptom “engine tach indicator f luctua tin g”. It is logical
to believe that a surging engine would be detected by, or accompanied by,
fluctuat ion or surgi ng of the tach i ndi cator. But it cannot be conclu ded
definitely that the symptoms are the same. If the pilo t observed a fluct-
uat in g tach , he woul d probably report the problem that way, not knowing if
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he was experienc i ng a surging engine or a faulty indicator. The report
“engine surging ” can almost definitely be regarded by maintenance personnel
as an engine problem , whereas the report “tach indicator fluctuating ” may
be either an engine problem or an instrument problem. Of course some
pilots may have reported known engine surging as a fluctuating tach.
In these cases the reports should properly have been included under the
engine surging symptom , but there was no way of separating these events
from the others.

Another example wherein two symptoms may be describing the same malfunction
but sufficient evidence is lacking to combine them occurs with the symptoms U

“low hydraulic pressure” and “hydraulic pressure gage reads low” . Here, in
addition to observing an instrument indication , the pilot may have known
that h is hydrau l ic pres sur e was l ow , due to slow or sluggish operation of
some system or equipment , or may have merely observed a low pressure read-
ing on the gage. In one case the problem is definitely with the hydraulics
system , whereas in the other it may be a problem with either hydraulics or
instruments. Again , there is no way of telling from the description given
whether the symptoms being reported are the same or different. U

Rather than err by grouping together similar_ sounding but different symptoms ,
when doubt existed they were treated separately. To some extent this may
have resulted in the appearance of more symptoms than were actually experi-
enced with the CH-54 and may , as a resul t , have in fluenced some of the sta- U

tistics generated from this analysis. This will be commented upon l ater in
the report when the respective data are presented and discussed.

A total of 57 general types of symptoms and 542 individual symptoms were
found reported in the ORME data for the CH-54. Table 6 summarizes overall
stati stics for the 57 general types of symptoms , whic h are tabulated in
descending order by average frequency of occurrence.

Distribution of Symptoms by Aircraft System

During creation of the Fault Isolationi Task Data File , codes were inser-
ted i nto each record to identify the aircraft system in which the symp-
tom was observed and the aircraft system in whic h the fai lure was found.
Table 7 shows the distri bution of symptoms by observed system and faile d
system .

• The cause of approxim ately 1/3 of all symptoms was
found i n an aircraft system other than the one in
which the symptom was observed.

The aircraft systems having some modes of failure appearing as symptoms in
other systems are i ndicated by the column entries in Table 7. Drives ,
Powerplant Installation , Electrical and Hydraulics are four systems with
symptoms of failure appearing in more than 50% of all aircraft systems.
The aircraft systems having some symptoms of failure traced to failure
modes in other systems are i ndicated by the row entries in Table 7. Air-
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craft General , Flight Controls , Eng ines and Instruments are four ai rcraft
systems exhibiting symptoms of failure whose cause was found in other air-
craft systems 50% or more of the time . Of greatest significance:

• Approximately 50% of all symptoms observed via aircraft
i nstrume nts and warni ng devices indicated a f ai lure of
the i nstrument or warn i ng device rather than a fa il ure
of the monitored system.

• Approximately 20% of all symptoms exhibited by nonavionics
systems of the helicopter were caused by the failure of
aircraft instruments and warning devices.

Distribution of Symptoms by When Discovered

Symptoms were tabulated by when-discovered category with the following
result:

% o f
When Dis covered Symptoms

APP Start to Takeoff 10.9
APP Start to Takeoff (Abort) 5.6
In-flight 49.9
In-flight (Abort) 4.4
On— ground to Engine Shutdown 9.0
Inspection 7.9
Other 12.3

100.0

• More than 50% of all symptoms were exhibited during
flight of the aircraft.

• Ten percent of all symptoms resulted in an aborted
mission.

FREQUENCY AND COST OF FAULT ISOLATI ON MAINTENANCE

Frequency of Fault Isolation Maintenance

More than 80% of the ORME data covers the CH-54A aircraft. The mean time
between corrective maintenance actions on the CH-54A , as calculated from
the ORME data , is approximately 3.5 flight-hours. Army published statis-
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tic s (Reference 3) for a more recent peri od of operat ion reveal a mean
time between corrective maintenance of 2.2 flight-hours for the CH-54A.

In order to reflect the frequency of maintenance demonstrated by the more
recent Army stati stics , a scaling factor of 1.6, representing the ratio be-
between these two values , has been applied to the frequency-related factors
developed from the ORME data. The effect of app lyi ng thi s factor is to in-
crease the calculated frequency of ma i ntenance by 1.6 times the value ob-
served in the ORME data.

The ORME files for the CH-54 contained records covering a total of 18,200
corrective maintenance actions on the aircraft. Of these , approximately
7-1/2% or 1 ,385 actions were involved with the Navigation and Communications
Systems of the aircraf t, neither of which the Army required to be evaluated
under this contract. Screening and analysis of the remaining 16 ,815 cor-
rect i ve maintenance act ions reve aled that 5,495 of them involved some type
of fault isolation.

• Approximately 1/3 of all corrective maintenance
action s on nonavionics systems of the CH-54
helicopter i nvolved some type of fault isolation.

The ORME data on the CH-54 represents a period of operation during which
57 ,164 flight-hours were accumulated. Based on the 5,495 fault i solat ion
maintenance events and the 1.6 maintenance frequency adjustment factor:

• Approximately every 6.5 flight-hours , a fault
isolation maintenance acti on was conducted on
nonavionics systems of the CH-54 helicopter.

Figure 10 shows the distribution of frequency of occurrence for the 542
symptoms derived from the ORME data , as adjusted by the maintenance fre-
quency factor.

• Fewer than 15% of the symptoms experienced
wi th nonavionics systems of the CH—54 occurred
more frequently than once in 2,000 flight-hours.

• Over 55% of the symptoms experienced with
nonavionics systems of the CH-54 occurred
more frequently than once in 8,000 flight-
hours.

MANAGEMENT SUMMARY REPORT , VOLUME III , ORGANIZATIONAL AND SUPPORT
MAINTENANCE OPERATION AND COST , Report Number RCS AMCQA-1l3 , Product
Assurance Directorate , U. S. Army Aviation Systems Command , St. Louis ,
Mo., September 1973.
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Fi gure 10. Distribution of Symptoms by Frequency
of Occurrenc e

Symptom Cause Frequency

The number of di fferent causes (failed or def ect ive parts and components)
associated with each symptom were identified. The 542 symptoms recorded
in the ORME data were tabulated by number of reported causes as shown i n
Figure 11 .

• Almost 40% of the symptoms experienced wi th
nonavionics systems of the helicopter had
only one reported cause.

• Approximately 25% of the symptoms experienced
with nonavionics systems of the helicopter
had four or more reported causes.

In almost every case , the number of ORME-reported causes for the symptom
are probably fewer than the number of possi ble causes of the symptom.
A l arger data base would probably i ntroduce not only a greater number
of symptoms but also other causes for symptoms that were reported.
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Figure 1 1. Distri bution of Symptoms by Number of
Reported Causes

Symptoms Causing Aborts When No Defect Was Found

Only 17 instanc es were d iscovered where a mission was aborted for a symptom
for which no failure or defect could be found .

• Symptoms causing aborted missions of the CH-54
for which no defect coul d be found occurre d less
frequently than once in 2 ,000 flight-hours.
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Man-Hour Cost of Fault Isolation Maintenance

During the perio d cov ered by the ORME program , a total of 59 ,660 man-hours
were expended on corrective maintenance of nonavionics systems. The 5,495
corrective maintenance actions involving fault isolation consumed a total
of 20 ,550 man-hours. Of this total , an estima ted 7 ,680 man-hours were ex-
pended on troubleshooting.

• Approximately 13% of the corrective maintenance
man-hours on nonavionics systems of the CH-54
were expended on troubleshooting.

• The average troubleshooting action consumed 1.4
man- hours.

• On average , troub leshooting consumed 37% of the
corrective maintenance task.

• An average of 215 man-hours were expended on
nonav ion i cs systems troub les hoot ing every 1 ,000
fli ght—hours (frequency adjusted).

Fi gure 12 shows the distribution of average troubleshooting task t imes for
the 542 symptoms recorded in the ORME data.

• Approximately 94% of the troubleshooting tasks
on nonavionics systems wer e accomp lished in
4.0 man-hours or less.

• Only 1% of the troubleshooting tasks on nonavionics
systems consumed over 8.0 man-hours .

Man-Hour and Downtime Cost of No-Defect Actions

A tabulation was made of the man-hours and aircraft downtime associated with
no-defect actions , i.e ., symp toms reported by the flight crew that coul d not
be dup licated or confirme d by the ma i ntenance crew . The results are shown in
Table 8.

• A reported symptom for which no defect could be
found was reported against nonavionics systems of
the helico pter approximately every 220 flight-hours.

• Approxima tely 87 man-hours were expended every
10 ,000 flight-hours to check reported symptoms
for which no defect could be found.
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Fi gure 12. Distri bution of Symptoms by Average
Fault Isolation Time

FREQUENCY AND COST OF FAULT ISOLATION ERRORS

Frequency of Fault Isolat ion Errors

Of the total 5 ,495 fault isolation maintenance actions on the CH-54 , 468
were determined to have been improperly performed.

• Approximately 8-1/2% of all fault isolation
maintenance actions on nonavionics systems
of the CH- 54 were accomplished incorrectly.

Based on the 57 ,164 flight-hours in the ORME data base and the maintenance
frequency adjustment factor:

• An improperly performed fault isolation task on
nonavionics systems of the helicopter occurred
approx imately every 76 flight-hours.
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TABLE 8. MAN-HOUR AND DOWNTIME COST OF NO-DEFECT
ACTIONS (PER lO~ FLIGHT-HOURS) ___________

Ai rcraft System in Actions Man— Hours Downtime
Which Symptom Discovered

Airframe 0 0 0

Landing Gear .104 .059 .703
Flight Controls .260 .619 .209
Rotors .312 .729 2.187
Engines .364 1.494 2.733
Auxiliary Powerplant .157 .576 .364
Drives & Transmi ssions .442 .716 .989
Powerplant Installation .364 1.182 2.290

Ice Control .026 .006 0
Electrical Power .078 .065 0
Lighting .026 .010 0
Hydraulic Power .183 .258 .183
Fuel .157 .209 .104
Miscellaneous Utilities .183 .210 .078
Instruments 1.093 .589 .104
AFCS .858 2.007 2.134

Total 4.607 8.729 12.078

These stat istics are much more si gnif icant than they appear , since they
account for only a portion of the errors made. There are two types of
fault isolation errors. The first are those made in the process of trouble-
shooting that are recognized immediately by maintenance personnel when the —

repair or replacement fails to correct the problem . Errors of the second
type are those made in the erroneous bel ief that the troubleshooting task
has been successfully completed and not discovered until the same symptom
is reported again. The ORME data essentially records errors of the second
type only.
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In the process of troubleshooting , maintenance personnel will frequently
swap suspect parts in an effort to correct a problem , particularly when
there is no method of testi ng the parts i n place . Usuall y a check or test
is made at that time and the mechanic discovers immediately if the rep laced
part has corrected the problem. If not , after reinstall i ng the or iginal
part or turning it in to supply, he continues troubleshooting. Errors of
this type are believe d to be very common but are rarely documented , since
the record prepared at the conclusion of the mai ntenance action has no pro-
visions for recording parts replaced in the process of troubleshooting.
The final part replaced (the one concluded to have caused the problem) is
the only one recorded.

Except in a very few cases the ORME records disclosed no errors of this
type. The vast majority of the 468 fault isolation errors found in the
ORME data were identifie d through analysis of recurrin g symptoms on the
aircraft. These are errors that were made primarily when maintenance per-
sonnel believed that a prob lem had been corrected and cl eared the aircraft
for flight , only to have the problem recur in subsequent operation. While
these are the more significant of the two types of fault isolation errors ,
since they present a risk to mission reliability and safety , the in-process
errors that th is program was unab le to document are als o costly in terms
of man-hours , downtime , and unnecessary parts replacements.

Fi gure 13 shows the distri bution of fault isolation error rates for the 542
symptoms recorded in the ORME data.

• Slightly more than 25% of the symptoms associated
wi th nonavionics systems of the CH-54 involved one
or more errors in troubleshooting.

• Approximately 17% of the symptoms experienced fault
isolat ion error rates of up to 20%.

• Approximately 5% of the symptoms experienced error
rates exceeding 30%.

•
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Fi gure 13. Distribution of Symptoms by Fault
Isolation Error Rate

Fault Isolation Errors Resulting in Aborts

Fault isolation errors resulti ng in aborted mi ssions were i dentifie d. A
total of 54 such events were discovered as shown in Table 9.

• Approximately 12% of fault isolation errors
resulted in aborted mis sions.
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TABLE 9. FAULT ISOLATION ERRORS RESULTING
IN ABORTED MISSIONS

Type of Symptom Nurn~er -

‘

Events 
—

APP Starting and Engagement Problems 11

Engine Speed and Power Losses 9

Aircraft Vibration 7

Cargo Hoist Ma l functions 6

Engine Contro ls Malfunctions 5

Abnorma l Engine and Drive Train
Instrument Readings 4

Flight Controls Malfunctions 3

Engine Fire Warning Lights 2

Inoperati ve Generator 2

Main Rotor Droop Stop Engagement Problems 2

Flight Instrument Malfunctions 1

Low Hydraulic Pressure

AFCS Hardover 1
- 54

Man-Hour and Downtime Cost of Fault Isolation Errors

The man-hours and aircraft downtime associated with fault isolation errors
are shown in Table 10.

• Approximately 62 man-hours were expended every
1 ,000 flight-hours on fault isolation errors
related to nonavionics systems of the helicopter.

• Approximately 75 downtime hours were incurred
• every i,000 flight-hours on fault isolation

- errors related to nonavionics systems of the
hel icopter.
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TABLE 10. MAN-HOUR AND DOWNTIME COST OF FAULT
ISOLATION ERRORS (PER ~~ FLIGHT-HOURS )

Aircraft System in A t~~ 
Man-Hours Downtime

Wh ich Symptom Discovered C i S Total Fault Iso.

Airframe .052 .099 .081 .078
Landing Gear .364 1.363 .413 .703
Flight Controls .494 5.523 3.750 10.124
Rotors 1.250 8.471 1.496 6.870
Engines 1.431 9.181 4.521 10.566
Auxiliary Powerplant 1.301 2.688 1.504 3.956
Drives & Transmissions 1.093 8.187 2.754 5.986
Powerplant Insti. 2.239 10.457 7.276 17.905
Ice control 0 0 0 0

Electrical Power .338 1.705 1.288 1.614

Lighting 0 0 0 0
Hydraulic Power .832 2.756 2.023 5.258
Fuel .286 .619 .226 .442
Miscellaneous Utilities .858 4.257 2.348 3.097
Instruments 1.536 4.902 3.157 6.922
AFCS 1.146 1.988 1.286 1.405

TOTAL 13.220 62.196 32.123 74.926

Dollar Cost of Fault Isolation Errors

From analysis of the ORM E data , it was poss ible to identify aircraft parts
and components that were suspected of bein g unnecessarily repaired or re-
pl aced because of fault isolati on errors. A total of 525 such repairs and
replacements , i nvolving 192 different parts and components , were identified.
An analysis was made to estimate the cost of l abor and materials expended
on fault isolation errors.

H The sellin g price to the Army of each part and component was retrieved from
historical records at Sikorsky Aircraft. In some cases these prices dated
back several or more years , and it was necessary to escalate them to 1978
price levels. A 10% per year inflation factor was used. Prices were un-
available for some of the 192 parts and components. Price estimates were
obtained for these items by comparing them to similar items for which prices
had been obtained.
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A code contained in the ORME records showed the disposition of each of the
525 repairs and replacements made as a result of fault isolation errors.
The breakdown by disposition is as follows :

% of Total

On-aircraft Repair 19.8
Local Shop Repair 31.4
Depot Repair 29.6
Scrap 19.2

100.0

The presumption is that these parts and components were improperly diag-
nosed as failures and that this fact was discovered when items removed from
the aircraft were checked at a higher maintenance level . For those nondefec-
tive items repai red on the ai rcraf t, it is presumed that some parts were re-
placed , probably consumables such as seals and bearings , although i n some
cases the “repair ’ may have consisted simply of an adjustment of some kind.
For the nondefective components removed from the aircraft and sent to a high-
er mainten ance l evel for repair , it i s presumed al so that some worn and mar-
ginal parts were replaced before returning the component to supply. In ~omecases the component, although not faile d , may have been sufficientl y deteri-
orated to have required major rework or overhaul to restore it to an RFI
(Ready for Issue) condition. For the nondefective parts and components re-
moved from the aircraft and scrapped , it is presumed that the i tems were
either consumables or that they showed evidence of damage or deterioration
that caused local maintenance personnel to judge them uneconomic al to repair.

To assess the l abor and material costs of fault isolation errors , it was
necessary to develop factors that coul d be app lie d to the purchase price
of the parts and components to reflect the expenditures assumed above. For
the on-aircraft repairs , the ORME records provided a separate accounting
of man-hour s, and it was necessary to develop a factor for the average ma-
terial costs only. In Table 10 the man-hour cost of fault isolation errors
was estimated at .062 man-hours per flight-hour , exclusive of the trouble-
shooting time which is accounte d for separately in a later part of this
analysis . An average hourly rate of $15 per man-hour was used to derive
the dollar cost of this labor.

The ORME program did not cover off-aircraft maintenance , so the factors
developed for shop repair , depot repair , and scrap had to account for the
average cost of labor and materials. For the depot repairs , the cost of
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packaging and transportation also had to be included. The followi ng cost
factors were used :

% of Purchase Price

On-Aircraft Repair

Material s 10

Local Shop Repair

Labor and Materials 20

Depot Repair

Packaging and Transportation , 30
plus Labor and Materials

- Scrap

Labor plus Unused Service Life 50

The above factors multi plie d by the purchase price of each item and the
number of repairs and replacements of each disposition yiel ded a per
flight—hour cost of fault isolation errors:

Dollars per Flight-Hour

On-Aircraft Repair 2.50

Shop Repair 6.15

Depot Repair 12.05

Scrap .50
- 21.20

• The estimated l abor and material costs of fault
isolation errors on nonavionics systems of the
CH-54 helicopter are approximately $21 per flight-
hour .

This is a conservat ive estimate . It does not include the costs of air-
craft downtime and aborted missions and such added costs as in di rect labor

- • and spares pipeline requirements. Nor does it include the cost of in-process
troubleshooting errors which may be as significant as the errors that have
been documented by this analysis . The true cost of faul t isolation errors
may therefore be several times the cost estimated above.
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Total Cost of Fault Isolation Maintenance

The total cost of fault isolat ion mai ntenance includes , in addition to the
cost of faul t isolat ion errors , the cost of the man-hours expended on trou-
bleshooting. Earlier , the main tenance tim e expended on troubleshooting
nonavionics systems of the CH-54 was calculated at .215 man-hours per
flight- hour. At an average hourl y rate of $15 per man-hour for field- l evel
maintenance , the per flight- hour cost of troubleshooting is estimated at
$3.25.

• The total cost of fault isolation maintenance on
nonavionics systems of the CH-54 is estimated at
approximately $25 per flight-hour.

Again , thi s estimate i s conservative , includi ng only the d irect costs that
could be measured with the available data.

INVESTIGATION OF COMBAT AND CONTRACT MAINTENANCE EXPERIENCE

Combat Versus Noncombat Maintenance

Approxin’~tely 60% of the ORME data was collected on CH-54 helicopters opera-
tin g in Viet Nam during the war. An analysis was made to determine whether
fault i solation maintenanc e performed under combat conditio ns di ffers si g-
nificantly from that performed under noncombat conditions. Table 11 sum-
marizes the results of this analysis.

The combat aircraft show a significan tly l ower frequency of maintenance
and man-hours per flight-hour for fault isolation maintenance than is
shown for the noncombat aircraft. This is believed to be due to differ-
ences in the l evel of reporting rather than to any real difference i n the
amount of maintenance the respective aircraft required.

Earlier in this section of the report , a main tenance frequency adjustment
factor was i ntroduced to account for the difference in corrective mainten-
ance frequency observed between the ORME data and more recent data on the
CH-54 collected by the Army . It is believed that this difference is due
primarily to less than 100% maintenance reporting from combat zones during
the ORME program. At some of the CH-54 units operating in Viet Nam , a sin-
gle data collector was assigned to cover a l arge number of aircraft flying
a heavy mission schedule. Under these conditions , 100% reporting was im-
possible , and the ORME data collector concentrated on documentin g the most
important failures and maintenanc e actions. It was comparatively less dif-
ficult to record the flight time on the aircraft , and this very l i kely
accounts for the low ratio of maintenance actions to flight- hours for the
combat aircraft .

69



TABLE 11. COMBAT VERSUS NONCOMBAT MAINTENANCE

Combat Noncombat

Flight-Hours 34,966 22,198

Fault Isolation Actions/Flight-
Hour .115 .219

Fault Isolation Man—Hours !
Flight—Hour .157 .275

Mission Aborts/F light— Ibur .01 3 .021

No-Defect Rate (No-Defects/
Action ) .006 .053

Average Fault Isolation Task
Time (Man—Hours ) 1.45 1.33

Downtime Hours/Flight-Hour .635 1.387

Fault Isol ation Error Rate
(Errors/i ,000 Actions) 73 95

The combat aircraft exhibit an abort rate that is substantially lower than
that exhi bited by the noncombat aircraft. This might be explained by the
reluctance of pi l ots to abort urgent combat mis sions for the less serious
types of symptoms that woul d prompt them to abort routine miss ions such as
trainin g.

-~ The no-defect rate (frequency of unconfirmed crew reports ) is also sub-
stant ially lower for combat aircraft than for noncombat aircraft. Here
again, pilots in combat are probably much less inclined to report mi nor
problems than they woul d be if they were flying routine missions .

A comparison of combat and noncombat maintenance experience shows no sig-
nificant difference wi th respect to average fault isolation task time .
Downtime is appreciably lower for the combat aircraft , however , due prob-
ably to the high priority attached to keeping aircraft ready in combat.

The faul t isolation error rate is also lower for the combat aircraft. While
this may be due to normal statistical deviation with the sampled data , it
may reflect the higher skill level and efficiency of maintenance personnel
assigned to combat units.
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Contract Versus Army Maintenance

Approx imately 15% of the ORME data was collected on CH-54 helicopters be-
ing maintained under a contract maintenance system. An analysis was con-
ducted to determi ne whether fault isolation maintenance performed by con-
tract maintenance personnel differs significantly from that performed by
Army personnel. Table 12 summarizes the results of this analysis.

TABLE 12. CONTRACT MAINTENANCE VERSUS ARMY MAINTENANCE

Contract Army

Flight-Hours 8,141 49 ,023

Fault Isolation Actions/Flight-Hour .299 .131

Fault Isolation Man—Hours/Flight—Hour .342 .179

Mission Aborts/Flight-Hour .030 .013

No-Defect Rate (No-Defects/Action) .041 .029

Average Fault Isolation Task Time
(Man-Hours ) 1.22 1.44

Downtime Hours/Flight-Hour .862 .939

Fault Isolation Error Rate (Errors! —

1000 Actions) 103 78

A ircraft maintained by contract personnel show a significantly higher task
frequency and man-hours per flight- hour for fault isolation maintenance
than do aircraft maintained by the Army. This again is believed to be due
to less complete reporting from the combat zones. Nearly 3/4 of the data
covering Army maintenance act ivities came from combat operations in Viet
Nam where conditions precluded 100% reporting under the ORME program. The
higher maintenance frequency and man-hours associated with the aircraft
maintaine d under contract maintenance is attributed to the more comp lete
maintenance report ing that existed at these activities.

The miss ion abort rate and no-defect rate are also substantially higher for
the aircraft maintained under contract maintenance. These rates mirror the
respective maintenance frequencies; here also , the higher values are at-
tributed to more complete reporting rather than to any differences in
performance.
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Average fault isolation time and downtime per flight-hour are significantly
lower for a i rcraft maintaine d under contract than they are for aircraft
maintained by the Army . The downtime ratio is oppos ite to what would be
expected based on the level of reporting discussed before. The data appears
to in dicate that contract personnel accomplish fault isolation work more
eff ic iently than do Army personnel. This is not unexpected in view of the
greater pressure on eff iciency in a commercial , profit-mak ing operation.

In apparent contradiction to this conclusion is the high fault isolation
error rate experienced under the contract maintenance system. This may be
due entirely to statistical deviation , especially in view of the relatively
small sample of events that comprises the contract maintenance experience.
There is no other obvious explanation for contract maintenance personnel to
be more error-prone than Army maintenance personnel. In fact, consi dering
the typically greater skill level and experience of contract personnel , just
the opposite shoul d be expected .
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RESULTS OF THE TROUBLESHOOTING PROCEDURES ANALYSIS

Handbook-Covered Symptoms Experienced in Service

Troubleshooting tables in the Aviation Unit and Intermediate Maintenance
Manual for the CH-54A Helico pter (TM 55-1520-217-23-1) were analyzed and
compared with actual fault isolat i on maint enance exper ience as document ed
by the ORME program . Ta b le 13 g ives a b reakdown of the maintenance manual
by chapter , showing the percentage of symp toms reference d in the manual
that were reported from the field during the period of the ORME program .

• Approximately 2/3 of the symptoms covered by the main-
tenance manual were experienced in actual service.

The ORME data base represents 57,000 flight-hours of operation with the
CH—54 over a period of roughly five years. Although this is a substantial
amount of experienc e with the aircraft , it still represents an incomplete
sample of system failures and maintenance events. Many symptoms develop
only with a particular kind of failure under a particular set of conditions.
It is probable , therefore , that 57,000 flight- hours did not provide the
opportunity for some symptoms to occur . A larger fl i ght-hour base would
likely have incre ased the number of handbook-covered symptoms experienced
in service.

Coverage of Service-Experienced Symptoms in the Handbooks

The handbook troubleshooting tables were examined for the presence of symp-
toms reported under the ORME program . The following results were obtained:

% of Reported % of Covere d
Symptoms Symptoms

Not listed in troubleshooting tables 67.7

Listed in two tables 24.7 76.5

Listed in two tables 5.9 18.3

Listed in three or more tab les 1.7 5.3
100.0 100.1

• Approximately 2/3 of the symptoms reported under the ORME
program were not found listed in the maintenance manual

• troubleshooting tables .

• Approx imately 25% of the symptoms reported under the ORME
program and covered by the maintenance manual were found
listed in two or more troubleshooting tab les .
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TABLE 13. COMPARISON OF ORME-REPORTED SYMPTOMS WITH SYMPTOMS
LISTED IN CH-54A TROUBLESHOOTING TABLES 

___________

No. of No. of No. of % of
Chapter of the Symptom Symptoms ORNE Handbook
Maintenance Manual Tables/ Covered Reported Symptoms

Chapter in Tables Symptoms* Reported

Ai rframe 0

Landing Gear 2 7 4 57

Power Plants 5 35 26 74

Rotors 2 3 2 67

Drive Train 10 34 20 59

Hydraulics 13 90 56 62

Instruments 21 71 66 96

Electrical** 4 39 9 23

Fuel 5 22 15 68

Flight Controls 0

Utility Systems 5 19 14 74

- Env i ronmental Control 1 8 4 50

Hoists and Winches 2 23 12 52

Auxiliary Power Plant 1 15 14 93

AFCS 1 26 16 62

Total 72 392 260 66

* Number of symptoms covered in handbook tables actually reported
under the ORME program.

**Excluding lighting.

In the discussion of the results of the ORME data analysis , it was explained
that in some cases the informat ion provided -in the ORME records was not ade-
quate to determine whether similar-sounding descriptions were in fact de-
scribing the same symptom. When this determination could not be made , the
symptoms were judged to be different. The total number of symptoms recorded
in the ORME data may therefore be larger than the number of symptoms act-
aully experienced. Were it possible to interpret each symptom description
precisely, the list of recorded symptoms would probably be reduced, increas-
ing the percentage of symptoms found in the handbook troubleshooting tables.

74

~ 

-.

~

— - -  - -



______________ . - -_.- -- - . — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-1
Coverage of Fault Causes in the Handbooks

A group of 20 symptoms , each occurring with relat ively high frequency in
the ORME data and each reportedly having been caused by the failure of
di fferent components , was compared with the respective troubleshooting
procedures in the maintenance manual . A typical analysis is shown in
Figure 14. With respect to the coverage of symptom causes reported in the
ORME data , the follow ing results were obtained:

% of Symptoms
Examined

The most frequently reported cause 50.0
in the ORME data is among the
possible causes listed in the manual.

The two most frequently reported 30.0
causes are among the possible causes
listed in the manual .

The three most frequently reported 15.0
causes are among the possible causes
listed in the manual .

• For 50% of the symptoms in the selected sample ,
the most frequently reported cause was not
found listed in the maintenance manual.

• For 85% of the symptoms in the selected samp le ,
one or more of the most frequently reported
causes were not found listed in the maintenance
manual .

Fault Symptom: EPR Indicator Inoperative

Discovered Fault (Failed Item) Number Fre- Handbook
of quency Table

Part Number Nomenclature Reports Rank Step No.

6445-61207-101 Transducer 18
6445-61234-101 Damper, Fluid Pressure 9 2
6440-61206-101 EPR Indicator 5 3 2
6430-62087-053 Tube Assembly 1 4

Figure 14. Sample Tabulation From the Analysis of the Coverage of Symptom
Causes in the Maintenance Manual Troubleshooti ng Tables

75 

—‘-- - •~~
--

~~::~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



a— - -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

These results are based on a very small sample of symptoms and may there-
fore not represent accurately the overall content of the comp lete set of
troubleshooting tables contained in the manual. Not only is the sample of
symptoms small but also the number of occurrences of some of the symptoms
in the sample (as few as 21). A larger number of maintenance events would
probably have introduced other caus es of the symp toms , al tering their res-
pect i ve rankings and possi bly increas i ng the percentage of symptom causes
found in the manual. The results obtained from the examination of 20 symp-
toms may also be distorted by the possibility that some of the causes re-
corded in the ORME data are invalid. The sample of 20 symptoms was also
examined with respect to the placement of poss ib le causes i n the mainte-
nance manual troub leshooting tab les , relative to their probability of
occurrence as reflected by the ORME data. The following results were
obtained:

% of Symptoms
Examined

T he mos t frequently reported cause 35.0
is among the first three pos sib le
causes liste d in the manual.

The most frequently reported cause 15.0
is the first possi ble cause l isted
in the manua l.

With respect to the poor correspondence of symptom cause frequency with the
ordering of possible causes -in the manual , two comments are appropriate .
First , for reasons just g iven , the data may not accurately represent the
true fre quency of the reported caus es . Second , the most efficient fault
isolation procedure is not necessarily the one that lists the possi b le
causes of a symptom in exactly the or der of their probab ility of occur-
rence . The ease and confidence wi th which eac h of the possi b le causes can
be checked must also be considered.

For all of the above reasons , this study of 20 fault symptoms provides only
a very general ind ication of the quality of the handbook troub le shooti ng
procedures .
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RESULTS OF THE FIELD SURVEYS

TRAINING AND EXPERIENCE OF PERSONNEL

In the course of the CH-54 field surveys , 4 CH-54 operating bases were visi-
ted, 4 weeks were spent in the field and a total of 22 maintenance personnel
and 4 pilots were i nterviewed. Table 14 shows the formal training and experi-
ence level of the fi eld personnel participating in these surveys.

TABLE 14. FORMAL TRAINING AND EXPERIENCE LEVEL
OF CH-54 SURVEY PARTICIPANTS

Formal Training 
- 

Experience

Number — 

(Weeks ) (Years )
of Other Other

Function Persons CH-!4 Helo. CH-54 Helo.

Crew Chief 6 9 11 6 5

Flight Engineer 8 16 10 7 2

Electrical/Avionics 7 1 6 4 4
Repairman

Technical Inspector 1 - 
- 

11 8 -

Avg . Maint. Personnel 22 8 9 5 3

Pilot/Test Pilot 4 6 52 7 6

The survey of the CH-47 helicopter at Fort Campbell , Kentucky , included
i nterviews wi th 8 aircraft maintenance personnel over a period of 2 days.
The survey of the AH-l , also 2 days in duration, included interviews with
4 maintenance personnel , 3 pilot/maintenance superv isors , and 1 maintenance
officer. Tables 15 and 16 show the formal training and experience l evel of
the AH— l and CH-47 survey participants.
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TABLE 15; FORMAL TRAINING AND EXPERIENCE LEVEL OF
AH-1 SURVEY PARTICIPANTS

Formal Training Experience
Number (Weeks) (Years )

Functi on of Other Other
Persons AH-]. Helo. All-i Helo.

Maintenance Offi cer 1 2 26 2 2

Maintenance Supervisor 2 2 16 7 8

Techni cal Inspector 1 8 8 3 14

QC Officer/Pilot i 40 4 -

Maintenance Technician! 1 4 36 4 7
Pilot

PE Team Leader 1 11 - 2 -

Average 7 5 20 4 6

TABLE 16. FORMAL TRAINING AND EXPERIENCE LEVEL
OF CH-47 SURVEY PARTICIPANTS 

_________________

Formal Training Experience
Number (Weeks) (Years)

of Cli 47 Other CH-47 Other
Function Persons Helo. Helo.

Platoon Sergeant 2 8 22 6 7

Technical Inspector 1 16 6 8 -

Flight Engineer 4 6 2 5 5

Engine Repair Shop 1 11 - - -
Supervisor — — — —

Average 8 9 7 5 4
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The training and experience level of the AH-l and CH-47 field survey parti-
ci pants is very c lose to that of the personnel who partici pated in the
CH-54 surveys. However , while the CH-54 participants were said to be typ-
ical of all personnel maintaining the CH-54, the AH- l and CH-47 participants
were among the more senior peop le in their res pective organizations . At the
two units surveyed , the average experience level of crew chiefs on the AH- l
and CH-47 helicopters was estimated by the participants to be between one
and two years. Crew chiefs and flight engineers on the CH-54 average over
fiv e years experience with the aircraft and have more than ten years of to-
tal helico pter experience.

CH-54 Skills and Experience Level

The experience level of pil ots and maintenance personnel in CH-54 units is
concluded to be on average much higher than that of personnel assi gned to
other types of aircraft. There are two basic reasons for this. First , the
population of CH-54s in the Army inventory is small and the per sonnel who
operate and maintain them form a relatively small , close- knit community .
When personnel are transferre d or rotated , they tend to move from one CH-54
unit to another , a si tuation less prevalent with other types of aircraft.
Secondly, the CH-54 carries two enlisted personnel in the aircraft flight
crew : the flight eng ineer and the crew chief , both having rank in the E-5
to E-6 pay grades. The additional crew member position creates greater op-
portunity for advancement , retaining a larger number of peop le i n the main-
tenance organization and resulting in a high ratio of senior personnel.

Except for electrical and avionics problems , aircraft troub leshoo ting is
done mainly by the CH-54 crew members. Since the CH-54 has both a flight
engineer and a crew chief , each aircraft has two primary troubleshooters.
Couple d with the experi ence level of the people, this gives the typ ical
CH-54 unit a much better capability in fault isolation maintenance than pre-
vails with other Army aircraft. The experience level of CH-54 pilots en-
hances this capability , since it is the p ilot who usually observes and re-
ports the problem and assists his crew members with troubleshooting. These
factors tend to make fault isolation maintenance on the CH-54 somewhat un-
typical of Army aviation in general .

AH- l and CH-47 Skills and Experience Level

At both the AH-l and CH-47 units it was reported that the crew chiefs were
primarily responsible for troubleshooting on their aircraft and that they
were encouraged by their superiors to do as much troub leshooting as they
coul d. However , because of the limited experience of most of the AH- l and
CH-47 crew chiefs , they were ab le to accomplish only the simp ler , more rou-

• tine troubleshooting tasks themselves and almost always referred the more
difficult problems to their supervisors or the TI (Technical Inspector).
This differs substantially from the situation with the CH-54 , where the
crew chiefs and flight engineers are all high ly experience d and do mos t of
the nonavionics systems troubleshooting themselves.
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It was also discovered with the CH-47 and AH-l units , contrary to findings
with the CH-54, that the TIs do get actively i nvolved with troubleshoo ting.
At the CH-47 unit , the TI was a principal troubleshooter. At the AR- i unit ,
TIs were involved with troubleshooting to vary i ng degrees and , when asked
why some were more involved than others , indicated that is very much a mat-
ter of personal initiative . It was explained that troubleshooting is not a
specifically defined responsibility of the TI , and only those that wished
to got actively involved with it .

Key troubleshooters were asked how often they called for assistance by
maintenance specialis ts in power plants , hydraul i cs , etc. Estimates ranged
between 20% and 30%. It was pointed out by some of the respondents that
component specialists often could not help with on-aircraft troubleshooting
because they lacked an overall understanding of the operation of the system .

COMPARISONS WITH CH-54 STATiSTICS

One objective of conducting the AR- i and CH-47 surveys was to determine
- whether the scope of nonavionics systems troubleshooting on the CH-54 as

documented in the ORME records was typical of other helicopters in the
i nventory .

Fault Isolation Maintenance Frequency

One part of the AH- l and CH-47 surveys attempted to establish the frequency
of fault isolation maintenance related to nonavionics systems of the air-
craft. The purpose was to compare the frequency of maintenance on these
aircraft with the 6.5 flight- hours between fault isolation tasks calcula-
ted from the ORME data for CH-54. The results of these inquiries are pre-
sented in Table 17.

TABLE 17. ESTIMATES OBTAINED FROM THE AH-1 AND CH-47 SURVEYS RELATED
TO FAULT ISOLATION MAINTENANCE FREQUENCY

AH.1 CH-47

1st Group 2nd Group 1st Group 2nd Group

Estimated percentage of flights 75% 75% - 90% 90% - 95% 100% approx.
involving crew—reported discrepancies

Estimated average number of dis- 2 2 3 - 4 2 - 3
— crepancles reported per fl ight

Estimated percentage of dls- 75% 75% 5O~ - 75% 65%
crepancies related to avionics

• and weapons



The original estimates for the frequency of problem writeups by AH- l flight
crews were much l ower than the 75% to 90% values given in Table 17 , aver-
aging more in the range of 30% to 50%. When questioned , the participants
sai d that most of the AH- lS models were new aircraft (the high-time air-
craft having flown just over 200 hours) and that relatively few problems
were being experienced compared with the older AH-1G models they had been
operating. It was felt that insufficient experience had been acquired with
new AH- 1S to provide representative statistics , so the respondents were
asked to give estimates for the AH-lG with which they were more familiar.

Average utilization of the AH-l at Fort Bragg was said to i nvolve two basic
types of flying: garrison missions , consisting of local area (airport to
airport) flights at altitudes over 500 feet, and field missions , consist-
ing mainly of nap-of-the-earth flying with hot refueling . Garrison missions
were estimated to involve 2 to 4 flight-hours and field missions 6 to 8
flight-hours . Using 5 hours as an average mission length , and the es timated
frequency of flight crew writeups given by the survey participants , a crew-
reported discre pancy might be anticipated on nonavionics systems of the
AH-l approximately every 6 to 8 flight-hours.

Utilization of the CH-47 at Fort Campbell was said to involve missions of
4 to 5 hours duration . Based on the estimate d frequency of flight crew
writeups given by the CH-47 survey partici pants , a crew-reported discrepan-
cy might be anticipated on nonavionics systems of the CH-47 approximately
every 5 flight—ho urs.

When asked what percentage of crew writeups involve discrepancies that are
either seen or whose cause is known by the flight crew , most participants
estimated 10% to 20%. Assuming the higher value , a nonavionics system
troubleshooting action might be anticipated on the AH- l every 7 to 9 flight-
hours and on the CH-47 every 5 to 6 flight-hours. These are admittedly very
crude estimates , but based on the relative complexity of the aircraft , they
appear to be consistent with the 6.5 flight-hour frequency of nonavionics
system troubleshooting calculated for the CH-54.

Time of Occurrence of Symp toms

The AH-l and CH-47 survey participants were asked to estimate the percentage
of crew-discovere d problems occurring in each of three mission phases: (1)
engine start to takeoff , (2) in—flight , and (3) on ground to engine shutdown.
ORME data on the CH-54 indicated that approximately half of all reported
symptoms occurred in flight. Widely vary i ng responses were obtained. Air-
craft crew chiefs tended to place the majority of symptoms in the engine
start to takeoff category , presumably because these are the types of prob-
l ems with which they are most directly involved. Maintenance supervisors
and Technical Inspectors tended to place the majority of reported symptoms
;~ the in-flight category , the category comprising the more difficult trou-
bl eshooting problems referred to them by the crew chiefs. It is apparent
t hat the position of the individual in the maintenance organization greatly
I ~t uences his percept-ion of when problems with the aircraft most often
occur . Nu valid conclu sions could be drawn from the survey responses.
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Abort Rate

The AH- l and CH-47 survey participants were asked to estimate the frequency
of crew-reported malfunctions of nonavionics systems that result in aborted
missi ons. Approximately 10% of the ORME-reported symptoms on the CH-54
were found to have caused aborts. For the CH-47, fewer than one percent of
malfunctions were estimated to cause aborts. For the AR- i , estimates of
five percent or less were given. The l ower abort frequency estimates for
the CH-47 may be related to the amount of time that the maintenance crew
i s allowed to correct a problem beforE. cancelling or aborting a mission.
The CH-47 personnel said that they would often spend up to an hour correct-
ing a malfunction before or during a mission without recording an abort.
Abort frequency estimates given for the AH— l and CH-47 are both substan-
tially lower than the 10% rate calculated for the CH-54. This may be due
to dif ferences in local policy concernin g the criteria for recor di ng aborts
and/or to misjudgements on the part of the survey participants.

No-Defect Rate

An estimate of the percentage of flight crew reports for which no failure
or defect can be found was requested. Estimates ranged from one to five
percent, with the majority under two percent. Vibration and abnorma l flight
performance were ci ted as the most fre quently reported problems of this
type. The estimates given by the All-i and CH-47 survey participants agree
wel l with the 3% no-defect rate calculated for the CH-54 from the ORME data.

Troubl es hooting Error Rate

The AR- i and CH-47 survey participants were asked to estimate how often the
average troubleshooter makes an error in troubleshooting. The word average
was stressed to avoid having people make jud-gements that were critical of
themselves. Error rates of 25% were estimated for the average crew chief ,
whil e error rates of 10% to 25% were estimated for senior troubleshooters.
Asked what percentage of troubleshooting errors are undetected unti l the
aircraft is operated or fl own again , estimates ranged from 2% to 5%. It is
somewhat difficult to compare the AH-l and CH-47 estimates with the 8 1/2%
error rate calcula ted for the CH-54, since the partici pants were includ ing
in their estimates the in-process troubleshooting errors that the ORME data
was unable to document.

Instrument—Relate d Symptoms

Estimates were requested of the percentage of all flight crew reported symp-
toms on the aircraft that were observed either as abnormal instrument read-
ings or as caution li ghts or warning lights in the cockpit. Instruments
and warning lights were estimated to be the source of from 2/3 to 3/4 of all
fli ght crew reported symptoms on the aircraft. This compares with an ap-

• proximate ratio of 40% calculated for the CH-54 from the ORME data. Asked to
estimate the percentage of abnormal instrument read ings that are traced to a
failure of the instrument or its sensor rather than a failure of the moni-
tored system , estimates of 65% to 90% were given . This compares with an ap-
proximate ratio of 50% calculated for the CH-54 from the ORME data.
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Warning lights and caution lights were said to be much more reliable than
the aircraft instruments , with false indications occurring less frequently
than 5% of the time . Estimates of instrument- related symptoms supplied by
the AH—l and CH-47 survey participants tend on average to be significantly
higher than the equivalent values calculated for the CH-54, but confirm
that instruments and warning devices are a major factor in the fault iso-
lation maintenance of nonavionics systems of the helico pter.

POLICIES AND PROCEDURES IN THE FIELD

One portion of the fiel d surveys of the three aircraft models was concerned
with policies and procedures in the conduct of fault isolation maintenance.
The responses to this area of inquiry are summarized in the following para-
graphs. The quantitative tabulations are derived mainly from the CH-54
surveys , which covered in detail 36 specific symptoms selected from the
ORME reports.

F1i~ht Crew Reporting

Several of the fiel d survey questions dealt wi th the reporting of symptoms
by the fl ight crews. One question asked if the symptom being discussed
might be otherwise described by the flight crew. The responses from the
CH-54 survey of 36 symptoms are tabulated below .

Number of Suggested
Alternate Symptom Descriptions % of Responses

None 58.6

One 25.7

Two 10.0

Three or more 5.7
100.0

For more than 40% of the symptoms , at least one alternate description was
given. Two or more alternate descriptions were given for 15% of the symp-
toms . 
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Another question aske d about the accuracy and completeness of symptom des-
cri ptions provided by the flight crews. The results of the CH-54 survey

- 
are tabulated below.

Accuracy and Completeness
of Symptom Descri ptions % of Responses

Usually accurate and complete 81.5

Information frequently lacki ng 17 .1

Information always lackin g 1.4

100 .0

In more than 80% of the cases , the CH-54 survey participants rated flight
- 

crew writeups as accurate and complete . However , this response appears to
conflict with the response to a question concernin g additional information
required to troubleshoot the same symp toms , as later discussion will cover .

The AR- i and CH—47 survey participants were asked if flight crew reports
of symptoms were generally accurate and complete . The majority of respon-
ses said that they wer e, although it was felt that the quality of the reports
was a direct reflection of the experience of the pilots. At both the AH- l
and the CH-47 units , the majority of pilots were highly experienced , aver-
aging 1 ,500 hours or more in the aircraft .

When asked how often it was necessary to consult with the flight crew be-
fore beginning a troubleshooting action , CH-47 personnel estimated 5% to
10% of the time while AR-i personnel estimated up to 90% of the time. This
difference is not unexpected , since the flight engineer and crew chief of
the CH-47 are normally on board the aircraft to experience the symptoms first
hand, while the AH- l crew chiefs are not.

Aske d to name the most frequent problem encountere d wi th flight crew write-
ups , most of the participants cited the tendency of some p ilots to report
what they believed to be the cause of a prob lem rather than the symptom
i.e. , to troubleshoot by seat of the pants . This problem was also cited by
several of the CH-54 survey participants.

The participants were asked to estimate how often each of the 36 sampled
symptoms was reported but unconfirmed. The responses are tabulated below.

Frequency at Which Symptom is
Reported but Unconfirmed % of Responses

Sometimes 32.9

Rarely 30.0

Never 37.1
100.0
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The large percentage of responses indicating that symptoms are sometimes
reported when no failure or defect is found appears at odds with the low
percentage of no-defect reports found in the ORME data. One possible
explanation for the apparent discrepancy is that many unfounded gripes are
resolved between the crew chief and the pilot without being officially
documented.

Methods of Confirming Symptoms

The survey participants were aske d the methods they woul d use to confirm
that a symptom reported by the flight crew was valid. Responses from the
CH-54 survey are categori zed in Table 18.

TABLE 18. METHODS OF CONFIRMING REPORTED SYMPTOMS

Method of Confirming Symptom % of Responses

Wait unti l next scheduled flight 2.9
and see if symptom reported again

Discuss problem wi th pilot and/or 1.4
flight engineer

Ask maintenance check pilot to 1.4
discuss problem wi th pilot

Ground test 52.9

Flight test 18.6

Ground check and test fly if 17.1
necessary

Begin troubleshooting 5. 7
imed lately 

_ _ _ _ _ _

100.0

The method of symptom confirmation depends to a great extent on the nature
of the symptom and the expectation , based on prior experience , that a
pilot’ s complai nt may be invalid. In about 3% of the cases , field per-
sonnel had sufficient doubt about the validity of reports of a given symp-
torn that they would take no action unti l the symptom was reported again.
(Thi s presumes , of course , that the reported symptom had no safety impli-
cations.) In slightly more than 5% of the cases, field personnel had suf-
ficient confidence that reports of a symptom would be valid that they said
that they woul d begin troubleshooting immediately.
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For each of the symptoms covered by the CH-54 surveys, the survey partici-
pants were asked to indicate the information , in addition to the symptom
description , they would need to troubleshoot the problem. The response is
presented in Table 19.

TABLE 19. ADDITIONAL INFORMATION REQUIRED TO
TROUBLESHOOT REPORTED SYMPTOMS

Additional Information Required
to Troubleshoot Symptoms % of Responses

None 27. 1

Flight Conditions (Speed , Altitude, 28.6
Flight Maneuvers , etc.)

Weather Condit ions (Win d, Precipita- 10.0
tion, etc.)

Aircraft Configuration (Fuel Load , 11.4
Sling Load , Pod on/off , etc.)

Instrument Readings and Caution 31.4
Lights

Terrain Condi tions 1.4

Systems Operative (AFCS , Stick 27.1
Trim , Remote Controls , etc.)

Symptom Conditions (Nature, 28.6
Severity , etc.)

Other Observations (Sound , 10.0
Vi bration, etc.)

Only 27% of the responses indicated that the symptom description alone was
sufficient information upon which to begin troubleshooting. When asked
how the additional information they required would be obtained , most people
replied that they would consult with the flight crew. This response appears
to contradict the opinion that crew reports are usually accurate and corn-
plete , given in response to an earlier question.

Troubleshooting Methods

The CH-54 survey participants were asked to describe generally the methods
they would use to troubleshoot each of the 36 sampled symptoms . From their
responses specific types of tests and inspections were identified as shown
in Table 20.
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TABLE 20. TROUBLESHOOTING METHODS CITED
BY FIELD PERSONNEL

Troubleshooting Methods
Cited by Field Personnel % of Responses

Functionally check 60.7

Swap components and check 50.8

Visually inspect 34.4

Call specialist 18.0

Observe instruments and 13.1
caution lights

Listen/feel while operating 11.5

Check adjustment 11.5

Test 8.2

Bleed/service system 4.9

Measure wear or play 3.3

Check torques 3.3

Replace marginal or suspect 1.6
parts

Troubleshooti ng methods are of course dependent upon the type of symptom.
As might be expected , visual inspections and functional tests are used to
troubleshoot a large percentage of the symptoms . Of some significance is
the large number of responses that included swapping of components in the
troubleshooting procedure. When questioned , the CH-54 respondents defen-
ded this practice as being the most efficient method (in many cases the
only method) of troubleshooting a symptom.

The participants were also questioned about the practice of parts swapping
as a method of troubleshooting. Estimates of the percentage of trouble-

• shooting actions that involve swapping one or more parts or components to
isolate a fault ranged from 25% to 75%, with the majority of respondents
citing avionics and instruments as the systems with which the practice is
most prevalent. Asked if stocks of inexpensive , frequently used parts
were maintained for this purpose , only the CH-47 flight engineers acknow-
ledged the practice. Supervisory personnel in both units indicated that
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the practice was officially prohibited. Questioned about the number of
times that a swapped component fails to correct the problem , estimates
ranged from 25% to 50%. Good parts replaced during troubleshooting were
either reinstalled or returned to supply as serviceable all respondants
indicated.

FIELD PERSONNEL’S PERCEPTIONS OF FAULT ISOLATION MAINTENANCE

The CH-54 surveys concentrated on a very detailed examination of 36 symp-
toms having a high frequency of occurrence , a significant troub leshooting
error rate , and/or requiring a high average number of man-hours to fault
isolate. Because of limitations on time , it was not possible to cover all
36 symptoms at each of the four CH-54 survey sites. Further , those symp-
toms which had not been experienced by field personnel participating in a
given survey were omitted from that survey. Table 21 shows the number of
surveys at which symptoms were covered and the number of surveys at which
symptoms had been experience d by the participants .

TABLE 21. RESPONSE TO CH-54 SURVEY OF 36 ORME-REPORTED SYMPTOMS

Surveys Surveys at Which Symptom Experienced
a t  W h i c h  ________ ________ ________ ________ ________ ________

Symptom
Covered 4 3 2 1 0 Total

-

~ 4 4 5 4 6 1 20

3 1 2 4 7

2 4 4 8

1 1 1

0

Total 4 6 10 15 1 36
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• Twenty-seven of the 36 symptoms were covered at three
or more survey sites ; 35 of the 36 were covered at two
or more survey sites.

• Twenty of the 36 symptoms were experienced at two or
more of the survey sites ; 35 of the 36 were experience d
at one or more survey sites.

Perce ption of Troubleshootin g Task Frequency

At each survey session the participants were asked the percentage of the
total failures (repairs and replacements) that are discovered via trouble-
shooting versus inspection . Crew chiefs and flight engi neers on the CH-54
estimated that fewer than 10% of all failures are found by troubleshooting ,
more than 90% by inspection. Participants in the AH- l and CH-47 surveys
estimated that 10% to 20% of nonavionics systems failures are found by
troubleshooting versus inspection.

These estimates do not agree well with the ORME service experience which
indicates that more than 1/3 of the corrective maintenance actions involved
some type of troubleshooting. There may be an explanation for this dispar-
ity, however. It is more likely that a greater number of failures involv-
ing multiple parts (worn bearings , corroded fasteners , etc.) will be found
via inspection that via troubleshooting . It is probable , therefore , that
the corrective maintenance reports involvin g troubleshooting reflect on
average fewer parts repaired or replaced , which could account for the above-
noted discrepancy. Electricians and avionics specialists estimated gener-
ally that over 90% of the parts and components they replace are found by
troubleshooting, and this is consistent with the ORME service experience.

Perce ption of Symptom Frequency

One of the survey questions asked the CH-54 survey partici pants to estimate
the frequency at which each of the discussed symptoms occurred . These esti-
mates were usually given in terms of yearly occurrences per aircraf t or per
squadron and were l ater converted to flight-hours on the basis of the aver-
age aircraft utilization at that base. The purpose of the question was to
compare field personnel ’ s perception of problem frequency with actual ser-
vice experience documented in the ORME records. Figure 18 makes this com-
pan son.

• Fi eld personnel consistently overestimate the
frequency of occurrence of aircraft symptoms .

This is a predictable outcome. As reference to Figure 15 indicates , the
great majority of symptoms include d in the samp le occur less frequently
than once per 1,000 flight-hours . Only 11% of the symptoms in the sample
occur as frequently as once per 500 flight-hours . These frequencies are
indicative of the overall population of symptoms as developed from the ORME
data and discussed earlier in the report.
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Frequency Percent in Frequency Category
(Flight- Hours

Between Calculated From Estimated By
Occurrences) ORME Data Field Personnel

I I I

80 60 40 20 20 40 60 80

< 200

200 - 500

500 - 1000

> 1000

Fi gure 15. Symptom Frequency of Occurrence Estimates From Field
Survey Compared Wi th ORME-Generated Statistics

Over recent years the four CH-54 field activities covered by the survey
have averaged aircraft utilization rates of from 125 to 200 flight-hours
per aircraft per year. At this level of utilization , a symptom occurrin g
an average of once every 1 ,000 flight hours would not be expected to occur
on a particular aircraft mort~ often than once in five years. Therefore,
the majority of symptoms havE probably not been observed by even the most
experienced aircraft crews And many symptoms probably are not expeni-
enced on any aircraft in an entire unit for a year or more .

To have been able to discuss a symptom , the participants would have to have
experienced the symptom recently enough to recall the circumstances. It
is natural that people recently experiencing a given symptom would tend to
overestimate its frequency of occurrence. It was improbable that frequency
estimates as low or lower than once in 1,000 flight hours would ever be
given , since for the average crew member , this is tantamount to no experi-
ence at all .
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Perception of Fault Isolation Time

Another survey question asked the participants to estimate the average time
required to troubleshoot each of the discussed symptoms. The purpose of
the question was to compare field personnel ’ s perception of fault isolation
time with actual service experience documented in the ORME records. Figure
16 makes this comparison .

• Fiel d personnel are able to estimate fault
isol ation times that are consis tent with
actual service experience.

It is reasonable that fiel d personnel have a better perception of faul t
isolation time than they do of symptom frequency. Whereas estimating symp-
tom frequency requi res a knowle dge of all occurrences of the event ov er a
long period of time, estimating fault iso la tion time requires only a small
sampl e of events on which to base the es timate. Good time es timates can
often be arrived at through judgement alone.

Avg . Fault Percent in Man-Hour Category
Isolation Calculated From Estimated By
Man-Hours 

• 

ORME Data Field Personnel
80 60 40 20 20 40 60 80

<1 
_

1 - 4  
_

5 - 8

>8

Figure 16. Average Fault Isolation Time Estimates From Field Survey
Compared With ORME-Generated Statistics 
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At the close of each survey session , the partici pants were aske d to estimate
the avera ge percenta ge of their work i ng t ime that was spent on troubl es hoot-
in g versus all other types of maintenance. Crew chiefs and flight engineers
on the CH-54 consistentl y estimated that 10% or less of their time was spent
on troubleshooting . Only one respondent estimated as high as 20%. The elec-
tricians and avionics specialists , on the other hand , es timated almost the
opposite ratio; i.e., 80% to 90% of their time spent on troubleshooting.
These estima tes are all con sistent w ith actual serv i ce experi ence as dep ic-
ted by the ORME data.

For the AH- l and CH-47, crew c hi ef’ s estimates of the time spent on nonavi-
onics systems troubleshooting ranged from 5% to 10%, while the estimates of
maintenance supervisors and technical inspectors averaged 25% to 30%. This
difference is not unexpected since supervisory personnel have many trouble-
shooting probl ems referre d to them by the i r subord inates , while the crew
ch iefs (especially the less experienced ones) attempt to troubleshoot only
the simpler problems. This is not the case with the CH-54, where the crew
ch iefs and flight eng ineers do almos t all of the nonavionic s systems trou-
bleshooting themselves.

Knowl edge of Symp toms

As was exp lained i n the d iscussion of fiel d survey method s , one part of
the CH-54 field survey required the participants to list probable causes
of each symptom discussed. The purpose of this was to test field person-
nel ’ s understanding of various symptoms and their causes. When the sur-
vey was comp leted , the results were compare d wit h actual servic e experience
as documented in the ORME records.

• Over 50% of the symptom causes suggested by field
personnel were among the top-five causes observed
in the ORME data.

• Over 65% of the responses cited the nose frequently
observed cause as one of the probable causes.

• Fewer than 45% of the symptom causes observed in
service were cited by none of the participants .

Considering the rel ative in frequency of many of the symptoms discussed ,
these results appear to demonstrate a good understanding of symptoms on
the part of field personnel. It is important to note that lack of agree-
ment between symptom causes suggeste d by the survey participants and those
actually experienced in service does not necessarily in dicate that the

• res ponses of the participants were incorrec t. The possi b le causes gi ven
may be valid ones that simply did not occur in the period covered by the
ORME reporting. Moreover , the hi gh-ranking symptom causes observed in the
ORME data encompassed in most cases a relatively small number of events.
A larger data base would likely alter these rankings with the possi bility
that more of the symptom cau ses g iven by field personnel woul d have matched
the predominant causes experienced in service.
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After listing in order the probab l e causes of each symp tom , the survey
participants were asked to rank the probable causes on the basis of the
ease with which each could be checked during troubleshooting. An analysis
wa s made of the response s to determine whether fiel d personnel tend to cor-
relate probable causes with ease of checkout ; i.e., to regard as most
likely those causes that are easiest to check. The results seem to sug-
gest that field personnel are inclined to troubleshoot first the i tems
that are easiest to check , proceeding then to the more difficult ones ,
irrespective of the probability of each being the cause of the symptom.
Whil e thi s may be the mos t effic ient procedure in some cases , it may be
the caus e of many fault iso lation error s and improper parts replacements,
particularly when swapping of parts is the only method of troubleshooting.

Part II of the CH-54 field survey requested field personnel to list the
symptoms that they woul d assoc i ate wi th the failure or malfunction of
specific aircraft components . The purpose of this was to test field per-
sonnel ’ s knowledge of failure-to-symptom relationships. Their responses
were compared with symptoms observed in actual service as documented in
the ORME records.

• Approximately 3/4 of the symptoms suggested by
fiel d personnel were among the top-five symptoms
experience d in service .

• Approximately 2/3 of the survey responses cited
the most frequently occurring symptom as one of
the possible symptoms.

• Only 1/3 of the symptoms observed in servi e were
ci ted by none of the participants.

Again , these results appear to demonstrate a good understanding of symptoms
on the part of field personnel. For reasons mentioned above , the symptoms
suggested by f iel d personn el may be more in agreement w ith actual experi-
ence than this sampling of data woul d indi cate . It shoul d be remembered ,
however, that because of the high average experience level of CH-54 main-
tenance personnel , their knowle dge of symptoms and causes may not be typ-
ical of aircraft maintenance crews throughout the Army .

Perception of Fault Isolat ion Task Difficulty

The CH-54 survey participants were asked to rate the task of isolating
each symptom as not difficult , difficult , or very difficult. Table 22
show s the response to this question. Approximately 3/4 of the responses
rated the troubleshooting task as not difficult ; none of the troubleshoot-

• ing tasks were rated as very difficult . Classification of the responses
by fault isolation time category shows a tendency to rate the more time-
consumin g tasks as difficult. The fact that none of the troubleshooting
was judged to be -very difficult may be attributed to the tendency to view
familiar tasks as routine , desp ite their comp lexity .
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TABLE 22. PERCEIVED TROUBLESHOOTING DIFFICULTY VERSUS
ESTIMATED FAULT ISOLATION TIME (PERCENT OF
FAULT ISOLATION TIME CATEGORY)

Perceived Fault
Isolation Difficulty

Estimated PercentFault Not Di fficult Very ofIsolation Difficult Difficult Svmntoms*Time (Hrs.) ~ r

<1 100.0 - - 34.8

1 - 4 69.7 30.3 - 50 .1

5 - 8 37.5 62.5 — 12.1

>8 - 100.0 - 3.0

Percent of 74.2 25.8 - 100.0

~~ samp le

Perception of Faul t Isolation Error Rate

The CH-54 survey participants were told the average fault isolation error
rate derived from the ORME data for each symptom and were asked to judge ,
based on their own experience , whether the statistical error rate was high ,
low, or about average. Table 23 shows the response to this question.
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TABLE 23. FIELD PERSONNEL’S PERCEPTION OF STATISTICAL
FAULT ISOLATION ERROR RATES (PERCENT OF
ERROR RAT E CATEGORY )

Perception of Error Rate Percent
____________ ____________ ____________ of

Error Rate High Average Low Symptoms*

0 - 20% 44.1 44.1 11.8 54.0

21 - 40% 51.9 40.7 7.4 42.9

40% + 100.0 - - 3.1

Percent
of 49.2 41.3 9.5 100.0

Ratings

*jfl sample

Approximately an equal number of responses judged the statistical error
rates to be high or average; less than 10% of the responses judged them to
be low. Classification of the responses by error rate category shows no
significant tendency to judge l arge error rates as high and small error
rates as low . The small number of responses assessing the statistical
error rate as low may be attributed to a normal reluctance to admit mis-
takes and also to the fact that many errors in fault isolation maintenance
are not recognized as such.

FAULT ISOLATION MAINTENANCE RESOURCES

A portion of each field survey was devoted to a discussion of fault isola-
tion maintenance resources, i.e. , troubleshooting data, training and test
equipment .
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Troubleshooting Data

The CH-54 survey participants were asked to rate the accuracy and complete-
ness of the maintenance manual troubleshooting instructions related to
each symptom. The following response was obtained:

Accuracy and Completeness
of Troubleshooting Instructions % of Responses

Accurate and complete 27.1

Some deficiencies 12.9

Inadequate 21.4

Symptom not covered 2.9

Not sure/don ’t remember 35.7
100.0

The responses were given from memory and in approximately 1/4 of the cases
the instructions were remembered as being accurate and complete , although
in no i nstance could anyone recall the specific content of the maintenance
manual . Almost an equal number of responses cited the instructions as in-
adequate or missing entirely from the manual . Again , specific deficiencies
coul d not be recalled. In more than 1/3 of the cases, the respondent could
not remember if the symptom was covered in the manual and/or if the instruc-
tions were adequate.

Most of the AH-l and CH-47 survey respondents believed that the majority
of symptoms occurring on the aircraft were covered by the maintenance man-
ual ; estimates of 90% or greater were typically given. However , the manuals
were thought to be deficient with respect to how thoroughly the possible cau-
ses of typical problems were covered. Asked to rate the content of the typ-
ical troubleshooting table in the aircraft ma intenance manual , a majority
felt that only the obvious causes were covered , while a min ority thought that
most of the possible causes were covered.

The survey participants were asked to estimate the percentage of all flight
crew reported problems on the aircraft whose cause they can pinpoint con-
fidently simply on the basis of the symptom described. Estimates ranged
from 5% or less to a maximum of 10%, except for one indivi dual who estima-
ted 50%. Asked how often they would repair a suspected malfunction wi thout
troubleshootin g and without consulting the manual , most replied “very rarely” ,
although it was sensed in some cases that the respondents were merely echo-
ing Army policy . Apparently, the manuals are used consistently for trouble-
shooting despite the deficiencies that field personnel contend they suffer.

Almost everyone participating in the surveys was critical of the organiza-
tion and format of troubleshooting data in current Army technical manuals.
A frequent complaint is the random placement of troubleshooting tables
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throughout the manuals and the lack of an i ndex to these tables . To l ocate
troubleshooting data related to a given symptom , mechanics claim that it is
necessary to search page by page through one or more chapters of the mainte-
nance manual. Nearly everyone recommended that troubleshooting data be pro-
vi ded in a separate manual or in a separate chapter of the maintenance man-
ual and that the data be efficiently indexed.

Another complaint with troubleshooting data in current manuals is the fact
that it is aircraft system oriented rather than symptom oriented. When symp-
toms occur whose cause may i nvolve multiple systems of the aircraft , ma i nte-
nance personnel claim that i t i s necessary to guess wh i ch system is causing
the problem before the manuals can be used. The manuals would be much more
useful , they said , if they were oriented by symptoms rather than by systems.

Frequent complaints were also voiced about the scope and content of trouble-
shooting data i n current Army manuals . One complaint is that the manuals
cover only the most obvious symptoms and causes and never seem to get up-
dated when new knowledge is acquired through service experience with an
aircraft. The order in which possible causes are listed in many of the
troubleshooting tables was also criticized. Often the troubleshooting
sequence prescribed by the manuals is felt to improperly reflect the rela-
tive probability of the possible causes listed. Troubleshooting tables
that list possible causes of a problem without providing instructions for
checking them were also a source of criticism . Current manuals are sai d
to be inconsistent i n the way troubleshooting data is presented and to re-
quire that many unnecessary checks and tests be made in the process of trou-
bleshooting.

Fault Isolation Maintenance Trainin g

Nearly all of the participants in the surveys reported that they had little
or no formal training in fault isolation maintenance. The trainin g that
was received consisted mainly of learnin g to use the troubleshooting data
in the manual . With one exception no one had received any “hands on” in-
struction troubleshooting real or simulated faults with the aircraft. Asked
whether they thought Army aircraft maintenance personnel would benefit from
formal training in fault isolation maintenance , most said yes, although
everyone agreed that such training shoul d be given only after an individual
has several or more years of experience in aircraft maintenance .

Problems in troubleshooting also arise , according to some of the field per-
sonnel , because specialists are not cross-trained in other aircraft systems.
A frequently cited example is that of aircraft flight control malfunctions
whose origi n may be in any one or a combi nation of aircraft subsystems:
flight controls , hydraulics , or the AFCS (Automatic Fli ght Control System).
Because the AFCS specialist is not trained in flight controls or hydraulics ,
he must work closely with the crew chief or flight engineer during trouble-
shooting; because of their different backgrounds , communication is
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often a problem . In some cases the avionics repairman will troubleshoot
the AFCS , and failin g to locate the fault , turn the problem over to the crew-
chief and a hydraulics specialist who troubleshoot the other systems inde-
pendently. This is both inefficient and often unproductive. It was recom-
mended that the avionics people be trained in flight controls and hydraulics
so that they could do most of the troubleshooting themselves or at least be
able to work more effectively wi th the crew chief and other specialists .

The statements of field personne l relative to the lack of formal training
in fault isolation maintenance were confirmed by a visit to the U.S. Army
Aviation Maintenance Trainin g School at Fort Eustis , Virginia . Interviews
were conducted with two instructors teaching the Heavy Lift Helicopter
Repairman ’s Course (MOS 67X).

The 67X Course is a 14-week course attended primarily by new recruits . It
covers basic fundamentals (about 20 hours) and primarily remove-and-replace
type maintenance . A limited amount of system theory is taught, and each
student receives 6 hours of fli ght duties training inclu din g several flights
in the aircraft. Very little system troubleshooting is taught. Each block
(system) inclu des 3-4 hours of instruction in troubleshooting , all of it
in the form of lectures. The school has very little capability for simulat-
in g faults and giving the students hands-on experience with troubleshooting.
Instructi onal material for training in troubleshooting consists mainly of
the troubleshooting tables in the maintenance handbook.

With respect to improv i ng troubleshooting skills in the field , both in-
structors felt that there was little the school coul d do, especially in
view of prevailing practices in the assignment of personnel. They cited
a recent case where 45 of 50 mechanics completing the CH-54 maintenance
course were assigned to other types of aircraft . Of the five that did
make it to a CH-54 unit , they guessed that none got to actually work on
the aircraft for at least a year. Real maintenance skills are acquired on
the job over a period of several years, they contended , and it is pointless
for the school to teach anything beyond basics. Troubleshooting is a par-
ticularly difficult skill for new students to learn and retain. Attempting
to improve maintenance skills is also frustrated , it was explained , by what
both instructors perceived as a gradual decline in the caliber of mainte-
nance personnel entering the aviation maintenance fiel d.

Test Equi pment

It was learned in the course of the fiel d surveys that test equi pment ,
other than common hand-held meters and gages, is rarely used to trouble-
shoot nonavionics systems of the helicopter. Items of equipment such as
Pitot/Static System Testers , Jet Cal Analyzers and Fuel Quantity Cali-
bration Sets are often availa ble , usually at AVIM l evel , but are rarely
used to troubleshoot systems of the aircraft. Most survey participants
contended that it is easier to swap instruments or black boxes rather than
call on specialist personnel to troubleshoot with test equipment.
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Fli ght Crew Debriefin g Checklist

Deficient crew writeups were a complaint of some of the CH-54 survey parti-
cipants (although when asked about crew reports as related to specific symp-
toms, the great majority of people rated them adequate). The complaint is
that many reports are vague and i ncomplete and that some pilots tend to
report what they suspect to be the cause of faulty performance rather than
to describe the symptoms. Problems of this type are rarely encountered
with the very experienced pilots , however. One recommendation of some of
the CH-54 survey partici pants is that the Army adopt the use of a flight
crew debriefing checklist like the one employed by the Air Force. It was
suggested that a checklist woul d tend to produce consistently good writeups.

This recommendation was proposed to the AH-l and CH-47 survey participants.
No one supported the idea. The concensus is that fli ght crew reports are
generally adequate and that the debriefing checklist , while possibly pro-
vi ding some improvements, woul d i ntroduce another unwanted piece of paper
i nto the system. The fact that the maintenance personnel in the AH-l and
CH-47 units are worki ng with a cadre of hi ghly experienced pilots may have
formed this opinion , however. The quality of flight crew reports would~not be as good if green pilots were flying the aircraft, and the debrief-
in g checklist might look more attractive in these circumstances.

Troubleshooting Specialist ~iOS

The two instructors at the Aviation Maintenance Training School were asked
whether the Army , as part of the solution to current problems in fault iso-
lation maintenance , might create a separate MOS: Aircraft Troubleshootin g
Specialist, similar to that established for the Aircraft Technical Inspec-
tor (TI). This they thought was an excellent idea. If the pay grades were
high enough , they felt it would be as easy to attract people to the job of
troubleshooting specialist as it has been to attract people to the jobs of
flight engineer and crew chief to which many in the enlisted ranks now
aspire.

Part of the problem in aviation maintenance today , they contended, is that
with the exception of flight engir~eers and crew chiefs , maintenance person-
nel are not allowed to progress beyond pay grade E-6 unless they move into
an administrative position. This siphons off the most experienced and
skille d people , many of whom would prefer to stay in active maintenance .
For the professional troubleshooter idea to work, it will be necessary to
allow advancement within the MOS i nto the E-7 and E-8 pay grades , they
seemed convinced .

The instructors were asked their opinion of how many different models a sin-
gle troubleshooter might cover and the total number of aircraft he might
support. They felt that there was enough simi l arity in the troubleshooting
problems on different aircraft that a single troubleshooter might cover
several models and that the troubleshooting workl oad was such that one in-
divi dual might cover 100 or more aircraft. They were asked if instructors
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at the school were able to identify students with a particular aptitude for
troubleshooting. They said that some students were obviously brighter and
more ambitious than others , but that aptitude testing would be the only way
to ferret out promising candidates. It would be wise to require that can-
didates have several years of maintenance experience before being consid-
ered for such advanced training , however.

The recommendation that the Army create a Troubleshooting Specialist MOS
for aviation was also proposed to the AH- l and CH-47 survey participants.
Everyone supported the idea enthusiastically. In their concensus a pro-
fessiona l troubleshooter is a much more practical approach to aircraft
systems troubleshooting than attempting to train everyone in maintenance
to perform this function. Under the current system, few individuals
spend enough time with troubleshooti ng to become expert. As a result ,
many people of marginal capability are all troubleshooting and all making
the same mistakes. The survey participants confirmed the opinion of the
instructors at the training school that the job of troubleshooter would
be very appealing to many career-oriented personnel in aviation .

At the AH-l units it was suggested for the first time that creatior~ of
another MOS would not be needed if the TI’s functions were expanded to in-
clude a principal role in troubleshooting. This is already being done in
some areas, and now that the TI is being trained to specialize with a
single model aircraft rather than to be an aircraft generalist , he becomes
very knowledgeable of that mode l and could , in the opinion of the AH- l peo-
ple , act as the princi pal troubleshooter. It may be necessary to increase
the number of u s  in a unit in order to absorb this added responsibility .
One drawback to making the TI the professional troubleshooter is the amount
of time that he would probably have to spend away from the unit for train-
ing . Because the TI is such a key individual in the maintenance organiza-
tion , having him absent for even the abbreviated TI course that is now giv-
en frequently poses a hardship .

One other concern expressed by the Cobra people , which may be somewhat
unique to the Air Calvary mission , is that of creating small numbers of
specialists who may be lost or i ncapacitated in combat. When everyone is
capable of doing some troubleshooting , they observe , that skill would not
be lost when casualties were suffered by the maintnenance organization , as
could happen if a troop or aviation company relied on a single individual
for this work.

RESULTS OF THE STATE-OF-THE—ART SURVEY

Visits were made to three Army agencies and one defense contractor to sur-
vey current technology in the development and publication of fault isola-
tion maintenance data for the new-generation Army systems. The surveys
centered on the SPA (Skill Performance Ai ds) concept in the technical pub-
lications field and specifically the extent to which the Front End Analysis
(FEA) technique required by SPA is addressing the problems with fault isola-
tion data uncovered by the field surveys.
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It was found that SPA , formerly called ITDT (Integrated Technical Docu-
mentation and Training), is concerned primarily with format and the com-
munication of i nformation to mechanics and technicians . The FEA does re-
quire a more structured approach to the development of data for maintenance
manuals , but is confined mainly to the objectives to be met rather than
specific procedures. Discussions with indivi duals i nvolved with the appli-
cation of SPA to new systems disclosed that improvements in format and com-
munication have been achieved , but that the actual content of troubleshoot-
in g procedures has not been significantly affected. The concensus seems
to be that defic iencies remain with respect to the development of faul t
isolation criteria for the manuals.
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IMPROVED METHODS FOR DEVELOPERS OF FAULT ISOLATION PROCEDURES

NATURE OF THE PROBLEM

One conclusion of the surveys conducted under this program is that the
quality of fault isolation maintenance data on present-day Army systems is
generally poor. Major criticisms include widespread omissions of signifi-
cant symptoms and causes , poor organization and i ndexing of information ,
and ineffi ci ent troubleshooting procedures. Probl ems with language and
commun ication are also frequently cited.

It is not surprising , consi dering the complexity of the task, that defi-
ciencies such as these are common . The development of fault isolation pro-
cedures for complex systems is probably the most difficult task the logis-
tics engineer and writer of maintenance handbooks is required to perform.

Compl ex systems can contain hundreds of parts and components whose failure
mi ght produce a symptom requiring fault isolation. The symptom produced
in each case can vary with the mode of failure , the degree of failure , and
the conditions under which it occurs. For complex systems, simple statis-
tics will easily demonstrate the possi bility of an enormous number of com-
bi nations and permutations of these variables .

It is small wonder that an engineer or technical writer , given a set of
specificati ons , drawings , and schematics for a system , and tasked with pre-
paring fault isolation procedures , often experiences difficulty . He must
antici pate the failures the system w i l l experience in serv ice, the condi-
tions un der which they will likely occur , and their effects on the system.
The physical effects of failure must be translated i nto observable effects
or symptoms. Symptoms of the same or similar nature must be collec ted
together and a logical organization of symptoms and causes developed.

Having accomplished this task and identifie d the expected sources and symp-
toms of failure , the engineer or writer is confronted next with developing
logical and efficient troubleshooting procedures for the system. He must
weigh the relative probability of the possi ble causes of each symptom ,
devise inspections or tests with which to i nvestigate them , and organize
them i nto a procedure that will provide a high expectation of locating the
fault with a minimum expenditure of time and resources. The possibility
and consequences of error, and of i nducin g additional faults in the process
of troubleshootin g, must also be considered.

The final task for the writer is to convey instructions to the mechanic.
Since symptoms of failure are usually acquired through personal observa-
tion , the writer must anticipate how the pilot or mechanic is likely to per-
ceive and describe a symptom and attempt to communicate with him in lan-
guage he is accustomed to using. Providing well-organized , properly worded
i ndexes with which to locate data in the manual is an important part of this
communication .
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It is apparent from discussions with persons involved with the development
of fault isolati on procedures for major systems that the quality of the
product is consi derably dependent upon the skill and experience of the indi-
vidual engineer or technical writer. While it may be said that the quality
generally improves with experience , relying heavily on the experience of
the indivi dual can also lead to bias and stereotyping. In fact, it was the
opinion of some of the people in terviewed that better troubleshootin g pro-
cedures sometim es evolve when i nexperienced people are assigned to develop
them , because they tend to be more objective and more ori ginal in their
approach.

FAULT ISOLATION ANALYSIS TECHNIQUE (FIAT)

The followin g pages describe a new approach to the development of fau l t
isolation procedures for complex systems. Called FIAT (Fault Isolation
Analysis Technique), the proposed approach greatly facilitates the identi-
fication of symptom/cause relationships and the collection , processing , and
organization of data required for the preparation of maintenance manuals.
It reduces the task to a series of small , in dependent judgements and deci-
sions which , when brought together, provi de a workin g guide for preparation
of the troubleshooting procedures. Most important , by allowing the engi neer
or writer to deal in dividually with discrete items of information , it re-
lieves him of having to formulate an overall troubles hooting logic from the
outset and lessens the demands on his personal experience and knowledge of
the system.

The FIAT approach app lies primarily to the nonavionics systems of heli-
copters where the modes and symptoms of failure do not generally len d them-
selves to automated test and the more sophisticated forms of diagnostics .
The methods could be applied to avionics systems, however , either to provi de
a backup for the primary diagnostics system or in applications where diagnos-
tic hardware is not consi dered cost-effective. Some compromise in the level
to which faults can be isolated would have to be accepted , e.g. , limiting
troubleshootin g to the level of black boxes versus modules.

FIAT General Outl i ne

FIAT i nvolves four major tasks that culminate in the generation of outline
fault isolation procedures for the system (Figure 17). First , a system
functional analysis is performed to establish the criteria for normal sys-
tem performance and to identify potential modes of abnormal performance
(the system malfunctions). Next, a system failure modes analysis based
on the FMEA is conducted to identify failures with a potential for causing
each type of malfunction. This establishes a framework of symptom/cause
relationshi ps for the system.

A computer file of fault isolation task candidates is constructed. For
each symptom/cause candidate , information pertinent to the fault isolation
task is recorded. This includes the expected frequency of occurrence ,
methods of faul t confirmat i on and fault isolation , and the estimated time
to fault isolate .
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A computer program processes the data and generates two outputs that are
used in the preparation of fault isolation maintenance data for the system.
The first output is a comprehensive listing of symptoms and causes (the
candidate list) which the analyst reviews , condenses , and assigns to logical
groups that will each form the content of a troubleshootin g procedure.

After editing,a troubleshooting procedure number is assigned to each symp-
tom/cause set, and the computer program outlines the content of each trouble-
shooting procedure . This provi des a guide for the wri ter to follow in pre-
paration of the fault isolation procedures manual .

SYSTEM FUNCTIONAL ANALYSIS

A functional analysis of the system is conducted to establish the criteria
for normal system performance and to identify potential sources of abnormal
performance. This type of analysis is already accomplished to a signi-
ficant degree as part of other eng i neerin g and lo gistics activities , e.g.,
preparation of specifications and test plans and development of system
operating procedures. Under the FIAT approach , the analysis is developed
in a highly structured form and recorded in a format that facilita tes its
application to the development of fault isolation procedures.

System—Level Functions

The operation of a system is defined in terms of two types of functions:

System-Level Functions

Contributin g Functions

System-level functions descri be the principal operating states of a system
or the modes of transit ion from one principal operating state to another.
By definition , a system-level function is observable by the operator, i.e .,
he is aware that the system is operating in a defined state or is transi-
tioning between states.

F 
The system-l evel functions for simple , self—contained systems often con-
sist of a single operating mode. For a wheel brake system , the system-
l evel functions are basically two:

Rolling aircraft brought to rest

Ai rcraft held at rest

The operation of other systems is less clearly defined in terms of discrete
functions. The main rotor of the aircraft , for example , has one basic func-
tion: to provide directed thrust for lifting and propelling the aircraft.
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This overall function mi ght be defined in terms of two system-level
b functions:

Vertical Thrust

Horizontal Thrust (forward , rearward , si dewar d)

Wh i le supply i ng the required thrust is not a discrete funct i on in the sense
of the wheel b rakes operating to stop the aircraft , it is the one type of
function that can be ascribed to operation of the rotor.

The power p lan t system of the aircraft has been selected to i l lustra te the
FIAT method , and for it the following system-level functions are defined:

Engine Starting

Groun d Idle

Operation at Normal Rated Power

Engine Shutdown

Contri buting Functions

Each of the system-level functions has associated with it one or more contri-
buting functions . A contri buting functi on is a physical process or operation
performe d by the system or an interfacing sys tem , wi th or without operator
i ntervention , that is required for execution or maintenance of the system-
level function . By definition , a contri butin g function i s observable by the
operator , i.e ., he is aware that the process or operation is being executed
or is being maintained. In the case of the wheel brake system , the functions
contributing to the system-level function of stopping the aircraft are:

Brake pedal depressed

Wheel brakes engage

It is understood that other functions are executed in the process of wheel
brake operation , i.e ., actuation of the master cylin der, pressurization of
the brake lines , and actuation of the wheel cylinders , but the operator is
not specifically aware of their occurrence. He is able to observe that the
brake pedal depresses when force is applied and that the brakes engage , but
nothing more. Conversely , in the context of malfunctions the operator is
able to observe that the brake pedal will not depress or that the brakes
do not engage , but is unable to relate the malfunction to operation of
the master cylinder , wheel cylinders , etc. This is a key element of the
concept. In order for a contri buting function to be valid , it must be ob-
servable by the operator , either directly or via an instrument indication.

For the main rotor’ s system-level function “vertical thrust”, the contribu-
ting functions involve other systems of the helicopter and are in some cases

106 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _



__ - - ~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~--:~~“~ ~~~~ ~~~~ ‘~~~~~
- -- -

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

~
--

~
--

~~
—.——------- .

system-level functions for those systems. The functions contributing to main
rotor vertical thrust might be defined as:

Main rotor speed within limits

Main rotor torque within limits

Col lective sti ck posi tioned

Main rotor blades achieve uniform pitch ang le

The first two contributing functions , main rotor speed and torque wi th in
limits , are products of other system-l evel events , i.e. , engine operation
at normal rated power and the main transmission supplying the required
torque to the rotor.

Again , as was true of the wheel brake system example , other functions are
executed in the process of produci ng main rotor vertical thrust, but without
the specific awareness of the operator. He is able to observe by monitoring
the i nstruments that main rotor speed and torque are with in limits , and al so
that the rotor responds pred ictab ly to a given control input. He is not .able
to observe such functions as actuation of the main rotor servos and vertical
dis placement of the swashplate, al though the proper execution of these func-
tions is assumed if the desired main rotor response is obtained. The key
idea is that the operator is ab le only to report as a mal function one or
more of the functions he is able to observe (the contributing functions).

For the power pl ant functional analysis bein g used for illustration , the sys-
tem-level function “engine starting” is selected for further development ,
and for it the following contributing functions are defined:

APU Normal Operation

Air Source Switch Posi tioned (to “ENG”)

Fuel Selector Switch Positione d (to “XFD”)

Start Button Depressed

Power Control Lever Positione d (to “IDLE”)

Engine Fuel Flow Within Limits

Engine Oil Pressure Wi thin Limits (25 to 65 PSI Within 30 Sec)

Starter Dropout (at 48% - 55% MG)

NG Stabilized Within Limi ts

TIT Within Limits (800°F Max)
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Again , it is seen that some of the functions contributing to the system-
l evel functi on “engine starting” are in themselves system—level functions
for other aircraft systems. APU normal operation is one example.

Judgement wi l l p lay an important part in the system functional analysis , and
for that reason several iterations may be necessary to arrive at a satisfact-
ory result . Later in the procedure when failure modes are analyzed relative
to their effects on system functions , it will be shown how nct.works of symp-
tom/cause rel ationshi ps are developed and how omi ssions and anomalies in the
ori ginal functional analysis are surfaced and corrected.

Redundant Modes of Operation

A special situation exists when a system has redundant or parallel modes of
operation. This occurs when a system-level function can be accomplished via
different processes. In the case of engine starting, three modes of opera-
tion are possi b l e:

1. APU start

2. Ground power start

3. Cross bleed air start

Each of these functions contri butes to the system-l evel function “engine
starting~ but none can occur together in the same start cycle. Redundant
modes of operation such as these create parallel rather than series paths in
the system functi onal analysis network.

Parallel paths culminating in a common contributing function (three modes of
starting in dependently leading to starter engagement) create one type of re-
quirement with respect to the organization of troubleshooting procedures.
Symptoms occurring upstream of starter engagement belong to one of three
chains of events that can be treated as separate troubleshooting procedures.
A mechanic attempting to troubleshoot symptoms such as

Starter fails to engage

Starter engages l ate

Engine fails to motor

Engine motors slowly

Engine accelerates slowly

• all of which are indicative of inadequate starter cranking power, should be
queried first about the mode of starting used and directed to one of the

• three applicable troubleshooting procedures. The fault may lie with the
starter itself or wi th the engine , but ascertaining that the starter is
adequately powered is probably the logical beginning point for these symptoms.
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Redundant modes of operation are treated at this point in the analysis like
any other system functions . Later it will be shown how the contributing
function implies the condition under which the symptom occurs and effectively
separates redundant modes of operation for the purpose of constructing fault
isolation procedures.

System Malfunctions

The final task of the system functional analysis identifies possible mal-
functions associated with each contributing system function. A system mal-
function takes place when the operator observes that a contributing func-
tion fails to occur , or that it occurs early , late , i ncompletely, etc.
Consistent with the definition of contributin g functions given earlier , a
system malfunction must be observable by the operator. Malfunctions that
occur with no outward evidence perceptible to the operator are not system
malfunctions in this context. Failure of a valve in the closed position
may , for i nstance, prevent fuel flow to the engine. The operator may per-
ceive this as failure of the engine to start or , if instrumentation is pre-
sent , more specifically as a lack of fuel flow to the engine. Either of
these events woul d be classifie d as system malfunctions within the given
definition, whereas failure of the valve to open woul d not be , since the
operator coul d not perceive that specific occurrence.

The definition of system malfunctions is made initially without regard to
whether failure modes exist that could produce such malfunctions. In the
case of the function “brake pedal depressed” contri buting to the system-
level function “rollin g aircraft brought to rest” the system malfunctions
might be defined as:

Brake pedal bottoms

Brake pedal low

Brake pedal spongy

Brake pedal travel restricted

For the second contributing function , wheel brake engagement, the mal-
functions might be defined as:

Wheel brakes fail to engage

Wheel brakes grab

Wheel brakes chatter

Wheel brakes noisy

109



— ~~~~~~ . ~~~~~~~~ —tc~r_ ~~- - - .—-- .—.—-- —-- ,-.- --., . ~~~~~~~~~~~~~~~~~~~ 
.
~

It is important to note how the potential system malfunctions would differ
for the second system-level function of the wheel brakes: hol ding the air-
craft at rest. In this case,the only malfunctions the operator might ob-
serve are a loss of pedal and/or failure of the brakes to hold.

To repeat, system malfunctions are defined without regard to the existence
of failure modes or other defects that might produce them. Hypothetically ,
it might be found upon an analysis of system failure modes that no modes
exist that could cause restricted travel in the brake pedal , one of the de-
fined malfunctions . But this shoul d not be anticipated beforehand, and all
of the conceivable malfunctions should be recorded.

System malfunctions related to the function “main rotor speed within limits ”
contributing to the system-level function “main rotor vertical thrust” might
be defined as:

Main rotor RPM low

Main rotor RPM high

Main rotor RPM fluctuating or erratic

In many cases the possible ways in which functions may occur abnormally will
be obvious ; in others not. One of the ways in which this task can be aided
is to examine past experience with similar systems to ascertain whether mal-
functions occurring with those systems are pertinent to the one under de-
velopment. There are generic similarities among many aircraft systems, and
while the types of failure experienced will vary with indivi dual designs ,
the manifestations of those fai l ures in terms of abnormal system performance
will often be the same. Main rotor RPM low , engine fails to start, brakes
fail to engage, are types of abnormal performance that can occur with these
systems irrespective of their in dividual designs. That may not be true for
the failures underlying these events , however.

As part of the FIAT methodology it is recommended that the experience with
prior models be exami ned when conducting the system functional analysis.
As will be shown l ater, imp lementation of the proposed methodology creates
a data bank that can be updated over the l ife of the aircraft, providing a
well-documented history of fault isolation maintenance experience for use
on subsequent models. Caution is needed , however, when extrapolating experi-
ence with one aircraft to another to be sure that the system functions and
malfunctions are appliLable.

For our power plant example , the potential malfunctions related to engine
starting are defined in Table 24.

Nonassociated System Malfunctions

There are some types of system malfunctions that are not associated with an
expressly stated system function . Vibration is an example. There is an
impl ied requirement for the aircraft to operate vibration-free or at an

110 

.• .. . •~~~~~~~~~~~~~ .



~ •~ —~ • ~~~~~~~~~~~~~~~~ — —  . • . — -.—- ,- .--_~
- 

TABLE 24. ENGINE STARTING SYSTEM FUNCTIONAL ANALYS IS

Contributing Function Potential Malfunction

APU Normal Operation* APU Fails to Operate*

Air Source Switch Positioned
(to ‘ENG’)

Fuel Selector Positioned Fuel Selector Binding
(to ‘xFD’) Fuel Selector Travel Restricted

Start Button Depressed Engine Fails to Motor
Engine Motors Slowly

Power Control Lever Positioned Power Control Lever Bindi ng
(to ‘ I D L E ’ )  Power Control Lever Travel Restricted

Engine Fails to Start

Engine Fuel System Flow Wi thin Limi ts Fuel Pressure Light Illuminated
Engine Fails to Accelerate
Engine Accelerates Slowly
Engine Stalls
Engine Shuts Down
Engine Fuel Filter Bypass Light Illuminated
Prime Boost Pump “On” Light Illuminated
Prime Boost Pump “On ” Light Fails to

Illuminate

Engine Oil System Pressure Within Engine Oil Pressure Gage Reads Low
Limi ts Engine Oil Pressure Gage Reads High

Engine Oi l Pressu re Gage Fluctuating
Engine Oil Pressure Light Illuminated
Engine Oil Filter Bypass Light Illuminated
Engine Chip Detector Light Illuminated

Engine Starter Dropout Engine Starter Advisory Light
(at 48% - 55% NG) Falls to Exti nguish

Engine Dual Gas Generator Tach NG Tach Indicator Reads Low
Stabilized Wi thin Limi ts NG Tach Indicator Reads High

NB Tach Indicator Fluctuating

Engine Dual III Indicator Engine Oil Temp Light Illuminated
Wi thin Limi ts (800°F Max.) TIT Indicator Reads High

Engine Hot Starts

* Contri buting functions and malfunctions related to APU starting and
operation treated under the APU functional analysis.
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acceptable level of vibration. But normal or acceptable vibration is not a
discrete system function in the sense that it can be initiated through opera-
tor action as was true of the functions suggested earlier. Freedom from in-
stability and erratic performance are other examples. A surging engine is a
malfunction , but smooth running would not normall y be listed as system func-
tion.

In addition to abnormal occurrences of system functions , the dictionary of
system malfunctions therefore contains such conditions as:

Vibrates

Unstable

Fluctuates

Surgin g

Erratic

etc.

Reference to Appendix B reveals a number of malfunctions of this type.

System Functional Analysis Coding Scheme

The three types of functions described by the system functional analysis are
coded in a standard format which identifies the aircraft system or component
i nvolve d and the type of function or malfunction. A work unit code (WUC) is
used to identify the aircraft system or component , as shown by the followin g
partial listing:

22100 Turboshaft Engine

22111 Hydromechanical Unit
22 1 1 1 11 NG Governor2211112 N0 Feedback Linkage

22112 Electri cal Control Unit
2211211 Module Al
2211212 Module A2

29510 Engine Start System
29511 Engine Starter
29515 Check Valve

Work unit codes frequently are extended to six and seven digits to identify
subassemblies and modules of larger assemblies. Use of the first five digi ts
should suffice as descri ptors of system functional events , however , since in-
variably the l owest functional levels of the aircraft whose operation can be
observed are the subsystems and major components of subsystems .
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Utilizing the work unit code as part of the description of system functional
events and failure symptoms offers several benefits. As the common identi-
fier of systems and components , the work unit code is frequently used both
for maintenance and logistics planning and for reporting failures and main-
tenance in service . Hav i ng a common link with these other maintenance-
related activities provides a measure of continuity and the ability to
relate fault isolation tasks directly to i nspection requirements , test and
checkout procedures, etc. Access to spare parts requirements , test equip-
ment lis ts , etc., is also facili tated.

The first part of the system function code, the work unit code , descri bes
a system or component of the aircraft . The second part of the code des-
cribes the nature of the function. Examples are:

Code Descri ption

220 Starting

22 1 Idle

223 Shutdown

230 Accel eration

231 Engagement

232 Disengagement

240 Positioning

Etc.

The FIAT method requires that a dictionary of coded generic function des-
criptions such as these be developed.

Later in the procedure it will be explained how the coded function des-
criptions are combi ned with other elements of information to descri be the
symptoms the technical writer will address in preparation of the mainten-
ance manual . In order that the function descriptions read properly when
interpreted and printed by computer , the generic function descriptions
should be phrased as nouns. The proper construction will be assured if
the description is assumed to be prefaced by the word “during ” as follows:

Function Description

(During) (APIJ) Starting

(During) (Engine) Idle

(During) (Throttle Lever) Positioning

etc.
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Combi ned with the work unit code , the function code describes a system-
level function or contributing function:

SF-22100—220 Engine-Starting

CF-29411-240 Throttle Lever - Positioning

CF-22160-251 Engine Oil System - Pressure Within Limits

CF-2951l-265 Engine Starter - Dropout

Etc.

It is recognized that in some cases system functions will be of a rela-
tively complex nature and not easily reduced to such simple terms as a
work unit code and function code. The FIAT approach depends on relatively
strict adherence to the coding scheme, however. One of the problems with
current methods mentioned earlier is the subjective, inconsistent and often
vague and ambiguous use of terms. The FIAT method overcomes some of these
problems by requiring a consistent definition and format throughout the
analysis. If the tasks of fault isolation cannot be reduced to simple terms
at the early stages of analysis , communicating effectively to the mechanic
during preparation of the maintenance manual will probably also be difficult.

If the coding system for system functions is too restrictive to describe
some of the more complex functions of the aircraft, the problem can be
remedied when the troubleshooting instructions are written. At this time
descriptions can be altered or amplified as necessary to convey i nforina-
tion clearly.

Coding of system malfunctions follows the same format except that a mal-
function rather than a function is described. Earlier in this report
it was explained how symptoms reported in the field were transcribed i nto
a structured format, one element of which was the description of the ob-
served malfunction. Appendix B contains a list of the mal function descrip-
tions actually reported on the CH-54.

A dictionary of system malfunction codes is required. The “How Malfunc-
tioned” code lists contained in work unit code manuals cannot be used for
this purpose directly. While some of the codes in the “How Malfunctioned”
lists describe conditions that could relate to an observable system mal-
function (drifting, out of track, etc.), the majority describe conditions
of failure or physical defect (burned , cracked , shorted , etc.). The mal-
function in these cases relates to the condition of the discrepant or
failed part rather than to its effect on the performance of the system
and therefore is not pertinent to describing abnormal system performance.

The dictionary of system functions used to construct system-l evel functions
and contributing functions provides the foundation for the dictionary of
system malfunctions. A system malfunction can very often be described in
terms such as improper , inaccurate , i ncomp lete, etc., accomplishment of a
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system function. Reference to the list of observed malfunctions reported
on the CH-54 contained in Appendix B will show the vast majority to be of
this form.

Most system malfunctions can therefore be constructed as modifications of
system functions as follows:

Code Description

015 Accelerates, slowly

456 Motor, fails to

594 Pressure, fluctuating

715 RPM , low

A prelimi nary partial listing of coded malfunction descriptions is pre-
sented in Appendix B. A sample of engine starting malfunctions taken from
Table 24 is shown in coded form below:

Code Description

WUC MAL System/Component Malfunction

24000 - 508 Auxiliary Power Plant Fails to Operate

22100 - 456 Engine Fails to Motor

29411 - 082 Power Control Lever Binding

51377 - 385 Prime Boost Pump Light Fails to Illuminate

51313 - 635 Dual lIT Indicator Reads high

SYSTEM FAILURE MODES ANALYSIS

The second stage of the proposed approach entails a detailed analysis of
system failure modes and the association of failure modes with the system
malfunctions defined by the preceding analysis. All current engineering
development programs for new aircraft require as part of the R&M activity
the preparation of a Fai lure Modes and Effects Analysis (FMEA). Informa-
tion required for the system failure modes analysis required by FIAT is
derived primarily from the FMEA.
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Identification of Pertinent Modes

There are basically two types of failures experienced with a system. One
type occurs when an i tem of hardware , although performing acceptably, is
damaged , worn , or deteriorated beyond acceptable limits and must be repaired
or replaced. This type of failure usually is not a candidate for inclusion
in a troubleshooting procedure , since the failure is normally found by
inspection rather than sensed as a malfunction of the system. Normal wear-
and-tear (corrosion , surface cracks , fastener damage , etc.) typically con-
stiti tes this category of failure . The types of failures that are candi-
dates for inclusion in a fault isolation procedure are those that are dis-
covered via their effect on the system rather than by their visible con-
dition.

The immediate effect of a failure of this type is to prevent , interrupt ,
degrade, or terminate some physical process necessary for the proper opera-
tion of the system, e.g. , to cause a loss of pressure , loss of signal , low
voltage , etc. If the ultimate effect of a failure is to produce some obser-
vable malfunction or abnormal performance of the system , that failure is a
candidate for inclusion in a system troubleshooting procedure. The FMEA may
record either or both of these effects.

If the FMEA records only the physical effect of a failure , an assessment
must be made of the system malfunction that would result. Assume in the
case of a fuel valve failing closed , that the immediate effect is to pre-
vent fuel flow to the engine . If the operator is able to observe that fuel
is not flowi ng (via a warning light or gage), the immediate effect of the
failure equates directly with a system malfunction: No fuel flow. If fuel
flow cannot be observed , the abnormal system event associated wi th that
failure is less well defined , e.g. , Engine fails to start. The failure has
the same physical effect in both cases, but the observed malfunction (symp-
tom) differs.

Association of Failure Modes With System Malfunctions

The system failure modes analysis is conducted by examining the FMEA and
extracting from it all failure modes having a significant potential for
causing a system malfunction. Each of the selected failure modes is then
associated with one or more of the system malfunctions documented in the
system functional analysis. Possible effects of the failure outside of
the immediate system are considered , and no attempt is made at this stage
to eliminate failure modes on the premise that the malfunction they produce
will be so unique as to avoid the need for a troubleshooting procedure.
Such determinations are made l ater when all of the pertinent symptoms and
causes have been collected together.
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Coding of Failure Modes

Under the FIAT approach , failure modes are coded in a form similar to that
used to code system functions and malfunctions. The code consists of two
parts: the work unit code, which identifies the failed part or component ,
and the failure code, which describes the mode of failure.

For purposes of fault isolation it is necessary only to trace symptoms to
the level of on-aircraft replaceable parts and components. Repairable com-
ponents may have multiple modes and symptoms of failure , but the individual
modes of failure are not of concern except to the extent that they affect
the symptoms produced and the method of troubleshooting. Assume , for exam-
ple , that a component has 20 individual fai l ure modes. If all of these

• modes produce the same symptom and are each detected via the same test,
they can be treated collectively as an “internal failure ” of that component.
The mechanic need not know the specific failure mode that has occurred ,
provided he is able to interpret the symptom and fault isolate to that
component whenever any of the modes occur. Occasionally, however , a single
component will have variable symptoms of failure and different troubleshoot-
ing procedures will be necessary to isolate to the component depending on
the symptom.

The coding scheme for failure modes uses the same set of work unit codes
used to identify system functions and malfunctions. To identify failure
modes related to internal parts of a repairable component , the sixth and
seventh digits of the WUC are used. Often, WUC manuals will contain codes
for repairable subassemblies and modules of major components . Where fail-
ure modes relate to smaller i nternal parts of a component not covered by a
WUC , it will be necessary to expand the codes to encompass these items.
The list below illustrates a typical breakdown.

Work Unit Code Description

22111 Hydromechanical Unit
2211111 MG Governor2211113 N1.. Speed Servo
2211117 M~tering Valve2211122 Shutoff Valve

Multiple Failures and Maintenance-Induced Faults

There are two types of symptoms that cannot, as a practical matter, be
analyzed or treated in a fault isolation procedures manual . First are symp-
toms produced by multiple failures. These are cases where two or more
fai l ure modes , each having particular symptoms of their own , produce dis-
tinctively different symptoms when they occur together.

The number of multiple failure modes possible in most systems is very
large. In a system with six failure modes , there are 15 possible combin-
ations of two simultaneous failures that might occur. In a system with 10
failure modes , the combinations of two increase to 45. Not only are the
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possible combinations of multiple failures very large, but their probabil-
ity of occurrence (unless a dependent secondary failure situation exists)
is also very remote. Even if it were possible to anticipate the symptoms
of multiple failures , it would rarely be cost-effective to devote space in
the manual to them.

Most symptoms occurring as a result of maintenance error are also imprac-
tical to consider in the development of fault isolation procedures. They
are potentially very numerous and , as is the case with multiple failures ,
usually very remote. The possible exceptions are errors made in the process
of a rigg ing or alignment procedure which can be expected to occur with
some regularity and whose symptoms are relatively predictable.

Complementary Nature of the Analyses

The system functional analysis and system failure modes analysis tend to
complement each other and bring to light i nconsistencies and omissions in
either analysis (Figure 18). When , for example , failure modes are matched
against the listing of malfunctions derived from the system functional
analysis , types of malfunctions not thought of originally will often be
revealed. A number of such omissions were actually discovered in the ex-
perimental application of the method to engine starting problems. Conversely,
deficiencies in the fai l ure modes analysis may become evident when, upon
completing the work, valid malfunctions exist for which no failure modes
have been identified. Conducting the system functional analysis first and
independently provides the greatest opportunity for uncovering such errors.

CREATION OF THE FAULT ISOLATION TASK CANDIDATE FILE

The system functional analysis and system failure modes analysis just des-
cribed identify the principal symptoms and causes of system malfunctions.
The next step in the FIAT procedure i ntegrates the symptom/cause descriptions
with other i nformation pertinent to the fault isolation task. For complex
systems the elements of data involved are numerous enough to require process-
ing by computer.

Figure 19 shows the form used to enter data i nto the computer file. Each
form records data pertinent to a single symptom/cause relationship. The
information actually extracted from the form for computer storage is that
recorded in coded form in the blocks to the right of each column. Other
fields -in the form are provided for readability purposes only. Figure 20
shows schematically the source of the data used to construct the first six
blocks of information on the form. The form is completed as explained below.
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Figure 18. Complementary Nature of the Analyses

Block 1, Failure Mode/Defect. The failure mode or defect constituting the
source of a symptom , as documented by the system failure modes analysis , is
recorded in Block 1 of the form. The failure mode is described by two
codes: the work unit code (WUC), identifying the failed part or component ,
and the failure mode code. The failure mode ’s estimated rate of occurrence
derived from the reliability prediction for the system is also recorded.

Block 2, Symptom - Observable System Malfunction. The observable system
malfunction associated with the failure mode is recorded in this block.
Three codes are used: the work unit code, identifying the system or com-
ponent that the operator will observe malfunctioning, the malfunction code
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and , where applicable , the code describing the expected nature or degree of
the malfunction. A partial listing of codes for generic nature or degree
descriptions is contained in Appendix D. Block 2 also provides a field for
entering the number of the fault isolation procedure that will cover the
symptom , if it is known at the time the computer file input is being pre-
pared. Ordinarily, this number will be entered via an editing procedure
after the file has been created, as will be explained l ater.

Block 3, Symptom - Instrument Indication. If the system malfunction asso-
ciated with the failure mode will be observed solely in the form of a cock-
pit indication , the malfunction description codes are recorded here rather
than in Block 1. Or if the observable system malfunction recorded in the
Block 1 will be also accompanied by some type of cockpit indication , codes
describing that secondary indication will be entered here. The instrument
indication is recorded using the same three types of codes used to record
the system malfunction. As was the case with Block 2, the fault isolation
procedure number is ordinarily not entered on the form.

Block 4 Symptom - Other Crew Sensory Perception. If it is anticipated that
the observable system malfunction and/or the instrument indication will be
accompanied by some other type of crew sensory perception (vibration , un-
usual noise , etc.), codes describing that secondary symptom are entered here.
In some cases, such as a failure whose only symptom is vibration , this will
be the only one of the three symptom blocks completed. The symptom is recor-
ded using the same three types of codes used to record the system malfunction
and instrument indication.

Block 5, Symptom Conditions (System-Level Function) . An element of infor-
mation that aids in describing a symptom is the condition under which it
occurs. Conditions may relate to aircraft configuration , operating regime ,
flight maneuvers , weather, etc. In the absence of a specific condition ,
a general condition is always implied , that being the system-level function
in process at the time of the malfunction (Figure 20).

In the course of analyzing failure modes and associating them with the sys-
tem malfunctions they are capable of producing , it may be revealed that cer-
tain failures will cause certain malfunctions only under certain conditions.
Consider , for example , malfunctions associated with fuel flow to the engine.
It might happen that a valve failing to open during the start cycle would
prevent fuel flow to the engine , but once the valve has opened and a normal
start has occurred , that valve could not cause the same malfunction . Fail-
ure of the valve to open is a valid cause of inadequate fuel flow , but only
under one condition: during the engine start cycle. It is not a valid
cause for this symptom if it occurs during ground idle or flight , however.

The observable system malfunction or instrument indication with which the
failure mode has been associated is itself associated with at least one con-
tributing system function and its corresponding system-level function. (A
system malfunction is the abnormal occurrence of a contributi ng function.)
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Block 5 is completed by entering the work unit code and function code that
describe that system-level function.

Block 6, Symptom Condition (Contributing Function). The contributing sys-
tem functions describe two types of processes: steady-state processes
(fuel flow) or dynamic processes (starter engagement). Any contributing
function involving the direct i ntervention of the operator is dynamic in
character , i.e. , some system state must be in the process of change. There
are other contributing functions , dynamic in character, that occur automat-
ically but with the operator’s awareness (starter disengagement for exam-
ple). Since a contributing system function is observable by the operator,
any dynamic contributing function will be initiated by and/or witnessed by
the operator.

The implied condition under which a symptom occurs may be stated more
specifically than the system-level function in process at the time of the
malfunction , if a dynamic contributing function is also in process at the
time of the malfunction. Assume that an engine fuel pressure light illumi-
nates when the throttle is moved to ground idle position. The condition
under which the light is observed could be stated correctly as “during engine
start” since that is the system-level function in process. However , a more
specific- statement of the condition is “as throttle is moved to ground idle
during engine start”.

When the observable system malfunction recorded in Block 2 is associated
with a dynamic contributing function , that contributing function is recorded
as a symptom condition in Block 6. The Work Unit Code and Function Code
create this entry.

Block 7, Symptom Confirmation Method. There may be cases where it is desir-
able to have the symptom confirmed before troubleshooting is initiated.
This is frequently done by personnel in the field , whether or not instruc-
ted by the manual , especially when flight crew procedure or env i ronmental
factors are suspected or when symptoms are vaguely defined. Block 7 pro-
v-ides the opportunity to specify one of four methods of symptom confirmation
which the technical writer may consider for inclusion in the manual .

Block 8, Fault Isolation Method. One of the criteria to be used in develop-
ing a fault isolation strategy for a symptom is the method and time required
to inspect or test for the presence of individual failure modes represent-
ing possible causes of the symptom. Other factors being equal , failure
modes that are quick and easy to check will be scheduled ahead of those
that are difficult and time-consuming. This block records the method of
fault isolation to be used to i nvestigate the failure mode identified in
Block 1. This may be a prelimi nary judgement pending an analysis of system
test requirements.
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Block 9, Fault Isolation Test Parameter. In this block is recorded the oper-
ating parameter or physical condition that will be used as the criteria for
i nvesti gation of the failure mode (continuity , pressure , flow rate, etc.).

• A partial preliminary list of coded generic test parameters is contained in
Appendix D.

Block 10, Fault Isolation Time. This block records the estimated time in
man-hours required to inspect or test for the failure mode recorded in
Block 1.

Block 11 , Fault Isolation Error Probability . Another factor that mi ght
be significant in development of the fault isolation strategy is the pro-
bability of a diagnostic error , i.e., that the mechanic concludes incor-
rectly that the failure mode he is checking for does exist and replaces
the wrong part or component. Where a high probability of error exists ,
it may be desirable to schedule the testing of failure modes with a lower
probability of occurrence and/or higher fault isolation time ahead of the
high risk tests. The probability of an error is related to the ability
to conduct a test that produces consistent and nonarnbiguous results. A
high level of confidence in the test may not always be possible , especially
in cases where the only method of checki ng for a failure is to substitute
another component. This block records an estimate of the error probability ,
based on the failure mode recorded in Block 1 and the fault isolation meth-
od indicated in Blocks 8 and 9.

Block 12, Fault Isolation Error Effect. The effect of a fault isolation
error may also be a factor in development of the fault isolation strategy.
If the only effect of an error is lost time , it is of much less concern
than if mission or safety are affected. This block records a judgement of
the most serious consequences of an error in fault isolation

DATA PROCESSING

The data processing system for FIAT consists of two PL/l computer programs
and a number of utility sort routii-ies as shown in Figure 21. The File-
Generator program merges the sorted keypunched data records i nto a disk
file called the Fault Isolation Task Candidate File. Simultaneously it
generates a working file that becomes the primary input for the Report-
Generator program. Other inputs to the Report-Generator program include
the Work Unit Code File and the four code table files: Function Description ,
Malfunction Description , Nature or Degree Description and Test Parameter
Description.
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The Report-Generator program produces two reports that are used in the
preparation of fault isolation procedures for a system: the Fault Isola-
tion Task Candidates List and the Outl ine Fault Isolation Procedures List.
Each time either of the two reports is generated, a listing of the coded
input file , sorted in the sequence of the report, is also generated. The
coded input list is used for file editing , and a file sequence number is
generated to facilitate locating records on the file. Whenever a program
run involves updating of the Work Unit Code File or any of the four code
table files , a listing of the updated file(s) is also produced (Figure 22).

FAULT ISOLATION TASK CANDIDATES LIST

The format of the Fault Isolation Task Candidates List is shown in Figure
23. The list is organized by symptom description. Consistent with the
established format, each symptom is comprised of the observed system or
component, the malfunction description , nature or degree of the malfunction
(if applicable) and the conditions under which it occurs. A given symptom
is comprised of from one to three individual symptoms and one or two symp-
tom conditions. The arrangement of this information in the listing is shown
below:

SYSTEM OR COMPONENT!
MALFUNCTION DESCRIP/
NATURE OR DEGREE SYMPTOM CONDITIONS

SYSTEM MALFUNCTION CONTRIBUTING FUNCTION
MA LFUNCTION DESCRIP DESCR IPTION

• NATURE OR DEGREE
AND INSTRUMENT INDICATION DUR SYSTEM-LEVEL FUNCTION

MALFUNCTION DESCRIP DESCRIPTION
NATURE OR DEGREE

AND CREW SENSORY PERCEPTION
MALFUNCTION DESCRIP
NATURE OR DEGREE

This information is translated directly from the corresponding entries in
Blocks 2 through 6 of the Symptom/Cause Data Record i nput form.

A symptom description includes as a minimum one of the three types of symp-
toms and the condition represented by the associated system-level function.
For example:

SYSTEM OR COMPONENT!
MALFUNCTION DESCRIP/
NATURE OR DEGREE SYMPTOM CONDITIONS 

—

• AIRCRAFT INSTRUMENT DUR SYSTEM-LEVEL FUNCTION
INDICATED MALFUNCTION DESCRIPTION — — — —
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WORK tftlI T COOE DICTIONAR Y CODE DICTIONAR Y

MJC - DEFINITI ON COD E TYPE - 2 , OBSERVED FAULT

CODE — DEFINITION
22100 — ENGINE
22 111 - HYDR O1IECHANI CL LR4IT
2211111 -• HG GOVERNOR 0 —

2211112 — HG FEEDBACK LINKAGE 1 — LOUD NOISE
2211113 - HG SPEED SERVO 2 - UNUSUA L NOISE
22 11114 — SPEED SET LINK AGE 8 - FA ILS TO ACC ELERATE
2211115 —.. NP SERVO SYSTEM . . . 15 — ACCELERATES SLOWLY
2211116 — MULT IPLYING LINKAGE 82 - BINDING
2211117 — METERING VALVE 212 — FAILS TO DROPOUT
2211118 — POllER AVAILABLE 5PM 283 — FAILS TO EXTINGUISH
2211121 — HG OVER SPEED VA LVE 315 — FUEL F LOW ERRATIC 

-
2211122 — SHUTOFF VALVE 316 — FUEL BOOST INDXCATN
2211123 — PRE SSURE PEG VALVE 318 — INSUFFICIENT FUEL2211124 — T2 SENSOR 320 — NO FUEL FLOW
22112 

- -  
- ELECTRICAL CONT liNT .  350 - HOT STARTS

2211211 — MODULE Al 385 — FAILS TO ILLUM INATE
2211212 — MODULE AZ 387 — ILLUM INATED
2211213 - MODULE A3 395 - NO SIGNAL INDICATN
2211214 — MODULE A4 456 - FAILS TO MOTOR
2211215 - MODULE AS 457 - MOTORS SLOWLY -- -

2211216 - MODULE A6 508 — FAILS TO OPERATE
2211217 — FILTER HOUSING 594 — FLUCTUATING

-• 2211218 — EMI FILTER BOX  596 — HIGH PRESSURE
- 

22113 - ACCESSORY MODULE 
-  

603 — READS ZERO
2211312 — IGNITION LEADS 606 — LOW PRESSURE
2211314 — COWl INPUT DRIVE 5*1 615 — NO STAR T AIR
2211321 — RADIAL DRIVE SHAFT 635 — READS HIGH
2211322 - OIL COOLER 636 READS LOW
2211323 - IGNITION EXCITER 715 — RPM ERRATIC
2211324 — ALTERNATOR 717 — RPM HIGH
2211325 — ELEC CABLE ASSY -  

718 — RPM LOW 
--  - -

2211326 - SEQUENCE VALVE 735 - SHUTS DOWN - - ,

2211327 — FUEL BOOST PUMP 768 — STALLS
22121 - COLD SECTION MODULE 772 - FAILS TO START
2212112 — OUTPUT SHAFT  778 — STARTS SLOWLY
2212118 — INLET GUIDE VANE 842 — READS HIGH -

2212135 — MAIN FUEL MANIFOLD 862 — FAILS TO XFER FUEL
2212137 — FUEL INJECTOR 878 — TRA V EL RE SIRI CTED
2212145 - ANTI-ICE OUCTING 940 - VIBRATION

- 2212146 — VAR GEO1I LINKAGE 941 — LOSS OF POWER - -

2212147 — P3 SENSOR
2212148 — PRIUER FUEL NOZZLE
22122 - HOT SECTION MODULE
22 12211 - GAS GENERATOR ROTOR -- 

U
2212231 - TURBINE STATOR ASSY r 

~~~~~~ 
Q~~ Li

2212233 — PRIMER FUEL NOZZLE SN~~—~ 
u

22123 — IGNITORS 
- -

2212300 — IGNITORS — - “

22150 — ENGINE FUEL SYSTEM
22160 — ENGINE OIL SYSTEM
24110 - APU
24150 - A PtJ FUEL SYSTEM ---- 
2415000 — APU FUEL SYSTEM
24156 - APU FUEL CONTROL

Figure 22. FIAT Dictionary Printout
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An example of a symptom description entailing all of the possible elements
of information is given below:

SYSTEM OR COMPONENT!
MALFUNCTION DESCRIP!
NATURE OR DEGREE SYMPTOM CONDITIONS

CARGO HOIST CABLE CARGO HOIST SWITCH
BINDING ENGAGED
I NTERMITTENTLY

AND HOIST HYD PRESSURE LI OUR CARGO HOIST
ILLUMINATED OPERATION J -

INTERMITTENTLY
AND CARGO HOIST WELL

UNUSUAL NOISE
HIGH PITCHED

Symptoms will infrequently i nvolve all of these elements of information ,
however, and a more typical symptom description is given below:

SYSTEM OR COMPONENT!
MALFUNCTION DESCRIP!
NATURE OR DEGREE SYMPTOM CONDITIONS

TURBINE INLET TEMP IND OUR ENGINE
READS HIGH IDLE 

—

When a symptom includes both an observable system malfunction and an instru-
ment indication , the symptom appears twice in the Candidate Listi ng , once
in the order of system malfunction , followed by instrument indication , and
once in the order of instrument indication , followed by system malfunction.
This is done to provide to the technical writer the option of covering the
symptom either with other system malfunctions of that type, with other
instrument indications of that type, or both ways. In the case of an
engine starting malfunction accompanied by a fuel pressure warning light ,
for example ) the technical writer could elect to cover the symptom with
other engine starting problems or with fuel pressure light indications
occurring under other circumstances. The Candidate List includes the symp-
torn with the other engine starting problems and with the other fuel pres-
sure light indications to facilitate making this determination.

The next field of the Candidate List contains the estimated flight-hour
frequency between symptom occurrences. This estimate is obtained by sum-
ming the predicted failure rates for all of the failure modes identified
as possible causes of the symptom. In cases where a symptom is caused by
failure modes that are also causes of other symptoms , the estimated fre-
quency of occurrence of the respective symptoms will be overstated. This
happens u ecause the entire failure rate is accounted for in the predicted
frequency of each symptom rather than apportioned among the relevant symptoms.
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To apportion the failure rate in this manner would require a knowledge of
the circumstances under which the failures are likely to occur or be dis-
covered. For example , related to engine failures , it would be necessary
to know how often given failures would occur or be found during engine start-
ing versus engine idle , etc. This i nformation is not normally available.

The method of fault confirmation (derived from Block 7 of the input data
record) is recorded in the next field of the Task Candidates List.

Possible causes of the symptom are listed in the order of minimum to maxi-
mum expected fault isolation time. The expected fault isolation time is
obtained as a product of the probability of that failure mode causing the
subject symptom and the estimated time to inspect or test for the presence
of that failure. The probability of each of the listed failure modes be-
ing the cause of the symptom is obtained as a ratio of the failure rate
associated with that mode to the sum of the fai l ure rates for all failure
modes related to that symptom.

Where failure modes relate to internal parts of an LRU (seven-digit WUC),
the probability and fault isolation time associated with each failure mode
are listed individually, and the contribution of all internal part failure
modes to the parent LRU is shown. This situation is presented in the fol-
lowing format:

FAULT
CAUSE ISOL.

POSSIBLE CAUSES PROB. TIME

LRU COMPONENT
INTERNAL FAILURE .80 .95

*INTERNAL PART .35 .25
FAILURE MODE

*INTERNAL PART .45 1.50
FAILURE MODE

Internal part failure modes are identified by the computer program via the
presence of a seven-digit WUC in the failure mode description field of the
i nput record. When a seven-digit WUC is encountered , the program looks up
the nomenclature of the next higher LRU , which is i denti fied by the first
five digits of the WUC. A cause probability for the LRU is obtained by
summing the cause probabilities of the internal failure modes , and an aver-
age LRU fault isolation time is calculated as a weighted average of the
internal part fault isolation times.
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The cause probability and average fault isolation time calculated for the
LRU are used to determine its placement in the ordering of possible symptom
causes, and the LRU is always listed as a group with its respective i nter-
nal part failure modes. If a single inspection or test can be used to
check for the presence of any of the i nternal part failure modes, the LRU
is properly ordered with respect to the other LRU-level causes listed for
the symptom. If different inspections or tests would be used to check —

the LRU , depending on the i nternal part failure mode , the i nternal part
failure modes should be treated independently or in sub-groups as indi-
vidual symptom causes. In these cases, the internal part failure mode may
not be properly ordered with respect to other LRU- l evel causes. The engi-
neer or technical writer will have to account for these situations in
development of the fault isolation strategy.

The sequence in which the possible symptom causes are listed constitutes
the most efficient fault isolation procedure , based on the estimated prob-
ability and fault isolation time and the assumption that each of the pos-
sible causes would be i nvestigated independently in the process of isolat-
ing the fault. In practice the possible causes of a symptom will often
not be i nvestigated independently, one at a time , but rather in logical
groups or sets. It is often possible to devise single inspections or tects
that will rule out a number of possible causes or, alternatively, indicate
that the fault exists among a select few of the possible causes. Other
factors, such as the probability and consequences of a diagnostic error ,
may also influence the sequence in which troubleshooting is conducted.
These are determinations that must be made by the engineer or technical
writer during preparation of the troubleshooting procedure.

Review and Consolidation of the Task Candidates List

The Fault Isolation Task Candidates List displays as a separate symptom
every unique combination of symptom descriptors , i.e. , observable system
malfunction , instrument indication , crew sensory perception , and symptom
conditions. A change in any of these descriptors is recognized by the pro-
gram as a unique symptom. In many instances , variations that distinguish
one symptom from another are not significant insofar as fault isolation
is concerned. A warning light appearing during ground idle will initially
be interpreted as a different symptom than the same warning light appear-
ing in flight. A flickering light will be interpreted as a symptom differ-
ent from a continuous light , etc. From the standpoint of troubleshooting
the condition under which the light appears and the quality of light may
be irrelevant, and all of the symptoms can be condensed i nto one. An ana-
lysis of the Fault Isolation Task Candidates List is made to combine similar
or identical symptoms and to organize the symptoms into logical sets for
coverage by fault isolation procedures.
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Editin g of the Task Candidate File

As he reviews the list of fault isolation task candidates , the engineer or
writer annotates the listing to mod ify , condense and regroup symptoms and
causes . These changes are then transferred to the companion listing of
data printed in file- image code form (Figure 24) and the file is updated
via an on-line computer terminal .

In some cases it may be desirabl e to physically alter the file to condense
two or more symptoms i nto one. A case where this might be done is one in
wh ich two symptoms having identically the same causes dif fer only in the
conditions under which they occur , and the conditions are deemed irrelevant
to troubleshooting the symptom. The two symptoms could be replaced by one
by removing the condition description from one set of symptom/cause records
and eliminating the other set of symptom/cause records entirely. The
change is shown schematically below :

RECORD SYMPTOM CONDITIONS CAUSES

1 CAUTION LIGHT GROUND IDLE SWITCH

2 CAUTION LIGHT CI1OUND IDLE VALVE

3 CAUTION LIGHT CROUND IDLE RELAY

4 CAUTION LIGHT IN ILIGIIT ~WITC+I

5 CAUTION LIGHT IN FLIGHT VA LVC

6 CAUTION LIGHT IN FLIGHT RELAY

in dicates deletions

The effect of this type of change is to remove as symptom criteria the
conditions under which the symptom occurs. When the file is processed
after edit ing only one symptom , having no condition associate d with it ,
will appear:

RECORD SYMPTOM CONDITIONS CAUSES

1 CAUTION LIGHT SWITCH

2 CAUTION LIGHT VALVE

3 CAUTION LIGHT RELAY
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Changes such as this shoul d be made cautiously because , while the cond itions
under which the symptom occurs may not affect the troubleshooting procedure ,
knowing these conditions may be of value to the technical writer in pre-
paration of the procedure. Once the file has been physically altered in
this way , the information is lost . If a need for such information i~ likely ,
it woul d be preferable to have the symptom tabulated twice in the Outline
Fault Isolation Procedure . After symptoms have been assigned troub leshoot-
ing procedure numbers , they will be grouped in the report under that pro-
cedure so that the tec hnical writer wil l  be easily ab le to detect such
duplications.

Assi gnment of Fault Isolation Procedure Numbers

In the final task related to review and consolidatio n of the Fault Isola-
tion Task Candidates List , the technical writer deci des on the content of
the various troubleshooting procedures that will comprise the manual and
groups symptoms accor di ng to the procedure under which they will be covere d.
This is done by assi gning to each symptom a fault isolation procedure num-
ber whic h is added to the respective computer file record via an edi ting
procedure.

The computer file record has a fiel d reserve d in two locations for entry
of the fault isolation procedure number , one fiel d foll owing the system
malfunction descri ption codes and one follo’.~ing the instrument indication
description co des . As was expla i ned earlier , when a symptom includes both
an observable system malfunction and an instrument indication , the symp-
tom is generated twice in the Fault Isolation Task Cand i dates List. The
engineer or technical writer deci des to cover the symptom primarily as a
system malfunction or primaril y as an instrument indication and designates
this choice by entering a fault isolation procedure number in one of the
two available locations in the computer file record. When the program
generates the Outl ine Fault Isolation Procedures List , the final output of
FIAT , it locates the symptom under the des ignated fault isolation procedure ,
printing the system malfunction descri ption first or the instrument indi-
cation description first , depending on which of the two record locations
contains the procedure number (Figure 25). In the unusual situation where
the engineer or technical writer decides to cover the same symptom under
two different fault isolation procedures , both procedure numbers are entered
in the record. If it is deci ded for any reason to omit a symptom from the
manual entirely, both procedure number entry locations in the file record
are left blank , and the symptom is grouped with other unassigned symptoms
in the Outl ine Fault Isolation Procedures List .
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Symp tom Descr ipti ve Codes

- -_______

I System Instrument Other Crew Symptom Balance of 1
~~Malfunction Indicati on Percepti on Conditions Record

4 Procedure No.
Entry Locations

Entry here produces :

I Instrument Indi cat ion/
I System Malfunction
L Entry here produces :

System Malfunct ion /
Instrument Indication

Figure 25. Location of Fault Isolation Procedure Number
Establis hes Symptom Hierarchy

OUTLINE FAULT ISOLATION PROCEDURES LIST

When the file editing and assi gnment of fault isolation procedure numbers
has been compl eted, the computer program is run again to generate outl ine
fault isolation procedures and related indexes for the system. The Outl i ne
Fault Isolation Procedures List (Figure 26) has the same format as the
Fault Isolation Task Candidates List except that it is organized by the
fault isolation procedure number appearing in the upper lef t corner of the
page. The listing is sorted by symptom within procedure number , and each
change in procedure number begins a new page.

The Outline Fault Isolation Procedures List is the techn ical writer ’s guide
for preparing the maintenance manual. It provides him a comprehensive des-
cription of the symptoms and possible causes that will comprise the content
of each fault isolation procedure. The possible causes of each symptom are
listed in a suggested order of troubleshooting , and key elements of infor-
mation such as test methods and estimated troubleshooting times are given .

The Outline Fault Isolation Procedures List is a working guide ; additional
work must be done by the technical writer to prepare the text and illustra-
tions that will make up the maintenance manual. Further , while bringing
together much of the information he will need to write the fault isolation
procedures , the guide does not relieve the technical writer of the need to
exercise independent judgement and depart from the guide where suggested
by individual experience .
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Symptom/Cause Indexes

After incorporation of the fault isolation procedure numbers , the Faul t
Isolation Task Candi dates File contains the information that the program
uses to generate an i ndex of symptoms cross-referenced to the procedures
in which they are covered . A sample is shown in Figure 27. Because of
changes that are likely to take place in the content and organization of
individual p rocedures in the process of prepar i ng the manual , the computer-
generated symp tom index may require some mod ification before incor poration
-in the manual. Also , the generic terms that are used to translate coded
inform ation i nto symptom descriptions may be highly condensed and require
expansion and/or editing.

Troubleshooting Procedure Entry Points

For complex sequences of events such as the one associated with engine
starting , a given fault may be reported a number of different ways. With
respect to engine starting , the most general symptom that can be reporte d
is ~Engirie fails to start~. There are ~ host of more specif ic symptoms
that might be reported , however , and one aim of the troub leshoot i ng pro-
cedure shou ld be to requi re the mechanic to identify the symptom as speci-
fically as possible. This having been done , troubl eshooting can commenc e
at the most efficient entry point in the procedure .

Failure to describe a symptom as specifically as it might be described may =
be due to carelessness on the part of the observer or to poor communication
between the observer and the mechanic. Where it is known that a symptom
that mi ght be reported can always be descri bed more specifically , that symp-
torn shoul d not be listed as a valid symptom in the troub leshooting pro-
cedure. In the case of engine starting problems , the symptom ‘1En g ine fails
to start~ woul d be consi dered invalid , since the fault can always be des-
cri bed more specifically. For example ,

Starter fail s to engage

Engine fails to motor

Engine motors but fails to start

Etc .

The troub leshooting procedure shoul d always require that the symp tom be
descri bed as specif ically as the availa b le information permits , requiring
if necessary that the function be attempted again to acquire that infor-
mation. In the case of engine starting , if the mechanic lacks information
needed to pinpoint the symptom he should be directed to attempt an engine
start and dupl icate the reported fault , recording pertinent observations
and instrument readings in the process.
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There may be rare cases where attempting to duplicate a fault for the pur-
pose of acquiring more information may present a risk of injury or damage
to equipment. This would be true of serious flight control problems. Insuch cases , mandatory inspections and checks would be performed withoutregard to efficiency or cost.
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CONCLUSIONS

1. Fault isolation maintenance is an important contributor to the cost of
operating Army helicopters. For the CI1-54 helicopter , whic h served as
the model for this study , it was determ i ned that approximately 1 in 3
corrective maintenance actions on nonavionics systems involves some
type of fault isolation. The average troubleshooting task was found
to consume approximately 1.4 man-hours. The direct cost of fault i so-
lation maintenance on nonavion’ics systems of the CH-54, includ ing the
assessed cost of documented errors in troubleshooting , was est imated
at $25 per flight- hour. It is believed that the cost of undocumented
errors and of indirect maintenance expenses (administration , quality
control , etc.) would , if known , add substantially to this cost.

2. A large proportion of the fault isolation maintenance on nonavionics
systems of the helico pter stems from the failure of aircraft instru-
ments and warning devices. It was found with the CH—54 that approxi-
mately 50% of all symp toms observe d vi a aircraft instrument s and warn-
ing devic es were attributed to a failure of the instrument or warning
device rather than to a failure of the monitored system. Approximately
1 in 5 of all troubleshooti ng actions on nonav i onics systems of the
aircraft i nvolve d these modes of failures .

3. Fiel d personnel receive minimal formal training in fault isolation
maintenance; troubleshooting skills are mainly acquired on the job.
Test equi pment other than hand-held meters and gages is rarely used for
troubleshooting .

4. Fault isolation maintenance data on present-day Army systems is gener-
ally poor. Major criticisms i nvolve widespread omissions of signifi-
cant symptoms and causes , poor organization and indexing of i nformation ,
and inefficient troubleshooting procedures. Problems with language
and communication are also frequently cited.

5. The development of a Troubleshooting Specialist MOS similar to that
of the Aircraft Technical Inspector appears to offer the potential
for alleviati ng many of the skill-related problems in fault isolation
maintenance .

6. An improved method of developing fault isolation maintenance data for
complex systems was formulated and applied under this program. The
method is called FIAT (Fault Isolation Analysis Technique).
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RECOMMENDATIONS

The FIAT method developed under this program appears to be technically
and procedurally compatible with existing Army requirements in the areas
of R&M (Reliability and Mai ntainability) , LSA (Logistics Support Analysis)
and SPA (Skill Performance Aids). If, in the judgement of the Army , FIAT
merits further development , it is recommended that a program be undertaken
to i ntegrate the techni que into the engineering development process for
new systems. As part of this effort, certain refinements to FIAT and an
expansion of its capability beyond that permitted by the scope of this
current program should be considered.

For future use, a detailed user ’s guide should be published , and the
FIAT methodology should be integrated into existing R&M and LSA programs.
The dictionaries of terms and parameters shown in sample form in this
report should be expanded to facilitate employing FIAT and to promote
standardization in its use. Several refinements to the FIAT computer 

- 
-
~

programs also appear desirable.

It is recommended that the algorithm for the preferred troubleshooting
strategy incorporated in FIAT be expanded to include consideration of the
discrimination capability of the available tests. With this addition ,
the analyst would define one or more tests with which to i nvestigate the
symptom and would determine the discrimination capability of the test
relative to each of the possible symptom causes (eliminates the cause ,
conf i rms the cause , fail s to discriminate) . This would be documented
via simp le checklist-type decisions and entered i nto the FIAT data base.
With this additional information , FIAT will analyze the probability of
each symptom cause and such factors as the time to perform each test,
the overall discrimination capability of and confidence level in each test,
and the possible redundancy among tests. FIAT will then eliminate un-
necessary tests , select the best order for the remaining tests, and
establish the troubleshooting strategy that provides the lowest expected
time and cost to fault isolate. Computer graphics could be used to
produce troubleshooting tables and/or logic trees, eliminating a
large part of the technica l wri ting tas k.
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APPENDIX A

AIRCRAFT SYSTEM AND COMPONENT CODES

100 AIRCRAFT GENERAL

110 AIRFRAME SYSTEM

130 LANDING GEAR SYSTEM

131 Nose Land ing Gear
01 Nose Wheel
02 Nose Wheel Lock

132 Main Landing Gear
01 Main Land ing Gear Strut

133 Whee l Brakes
01 Parking Brake
02 Wheel Brake

140 FLIGHT CONTROLS SYSTEM

141 Collective Controls
01 Collective Stick

142 Cyclic Controls
01 Cyclic Stick
02 Aft Pilot ’ s Cyclic

143 Directional Controls
01 Directional Control Pedals
02 Directional Control Pedal Adjustment

144 AFCS Servo

145 Main Rotor Primary Servo

146 Tail Rotor Servo

147 Stick Trim System
01 Stick Trim Switch
02 Stick Trim Release
03 Stick Trim Circuit Breaker

150 ROTOR SYSTEM

151 Main Rotor System
01 Main Rotor Droop Stop

152 Tai l Rotor System
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220 TURBOSHAFT ENGINES

221 Engine Fuel System
01 Fuel Contro l

222 Engine Lube System

223 Engine Electrical System

224 Engine Ignition System - -

225 Engine Bleed Air System
01 Engine Bleed Air Strap
02 Engine Bleed Air Circuit Breaker

240 AUXILIARY POWER PLANT (APP)

241 APP Fuel System
01 Fuel Control

242 APP Lube System

243 APP Electrical System

244 APP Ignition System

245 APP Controls System

246 APP Start System
01 Accumulator
02 Start Motor
03 Start Circuit Breaker

247 APP Instruments System
01 EGT Indicator
02 Hour Meter
03 Tach Indicator
04 Temperature Indicator
05 Panel Lights
06 Fuel Pressure Warning Light

260 DRIVES AND TRANSMISSIONS

261 Gearboxes/Clutches/Shafts
01 Main Gearbox
02 APP Clutch

262 Transmission Oil System
01 Main Gearbox Oil Pump
02 Oil Cooler Blower —
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263 Rotor Brake System
01 Rotor Brake Motor
02 Rotor Brake Rel ay

290 POWER PLANT INSTALLATION

291 Power Plant Controls
01 Collective Bias Contro l
02 Nl Lever
03 N2 Control
04 Trim
05 Engin e Overspeed Test
06 Engine Overspeed Circuit Breaker
07 Fuel Shutoff Lever

292 Aircraft Engine Lube System 
-

293 Engine Ignition /Start System
01 Starter
02 Start Abort Switch

294 Engine Air Particle Separator (EAPS)
01 EAPS Blower
02 EAPS Door
03 EAPS/Anti-Ice Valve
04 EAPS Circuit Breaker

295 Engine Mounts

296 Engine Exhaust System

410 ICE CONTROL SYSTEMS 
- -

411 Engin e Anti-Ice System
01 Engine Anti-Ice Valve
02 Engine Anti-Ice Circuit Breaker

420 ELECTRICAL POWER SUPPLY SYSTEM

421 AC Power Supply System
01 Generator

422 DC Power Supply System
01 Battery
02 Rectifier

423 Pod Power Supply System

440 LIGHTING SYSTEM

441 Exterior Lighting System
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442 Interior Lighting System

443 Pod Lighting System
~ 5 

450 HYDRAULIC POWER SUPPLY SYSTEM

45 1 Tandem Servo Hydraulic System
01 1st Stage System
02 2nd Stage System

452 Utility Hydraulic System
01 Utility System Filter D/P Ind icator

453 Cargo Hoist Hydraulic System
01 Cargo Hoist Hydraulic Pump
02 Hoist Filter DIP Indicator
03 Hoist Isolation Valve
04 Makeup Hydraulic System
05 MLG Jack/Kneel System

454 Rotor Brake Hydraulic System

460 AIRCRAFT FUEL SUPPLY SYSTEM

461 Main Fuel Supp ly System
01 Aft Fuel Tank
02 Forward Fuel Tank
03 Aux Tank
04 Range Extension Tank
05 Fuel System Circuit Breaker
06 Fuel Tank Crossfee d

490 MISCELLANEOUS UTILITIES

491 Fire Detector System

492 Fire Extinguisher System

493 Wi ndshield Wiper System =

494 Wi ndshield Wash~r System

495 Heating and Ventilating System
01 Cabin Heater
02 Fan

496 Defroster System
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497 Cargo Hoist System
01 Cargo Hoist Pump
02 Cargo Hoist Circui t Breaker
03 Car go Hook
04 Cargo Hook Electrical Release
05 Cargo Hook Circuit Breaker
06 Car go Hook Decoup ler
07 Hoist Switch
08 Hoist Down Actuator
09 Hoist Temperature Circuit Breaker

498 Load Leveler System
01 Four Point Cargo System
02 Four Point System Emerg. Air Bottle
03 Load Leveler

5 04 Load Leveler Accumulator
05 Cargo Lashing Reel

510 INSTRUMENTS SYSTEM

511 Flight and Navigation Instruments
01 Flight Direc tor Indi cator
02 Roll Ind icator
03 Airspeed Indicator
04 Altime ter
05 Attitude Indicator
06 Course Ind icator
07 Hover Indicator
08 Outside Air Temperature Indicator
09 Performance Indicator
10 Rad io Magnetic Indicator
11 Standby Compass
12 Turn and Slip Indicator
13 Vertical Velocity Ind icator
14 Aft Pilot’ s Roll Ind icator

512 Hydraulic System Instruments
01 Utility Hydraulic Pressure Indicator
02 2nd Stage Hydraulic Pressure Indicator

513 Engine and Fuel System Instruments
01 Aux Fuel Quantity Indicator
02 Engine Fuel Pressure Indicator
03 Engine Oil Pressure Indicator
04 Engine Oil Temperature Indicator
05 EPR Ind icator
06 Fuel Flow Indicator
07 Fuel Pressure Indicator
08 Fuel Quantity Indicator
09 Nl Tach Indicator
10 N2 Tach Indicator
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513 Engine and Fuel System Instruments (Cont’d)
11 Tor quemeter
12 Tri ple Tach Indicator
1 3 EGT (15) Indicator

514 Drive and Rotor System Instruments
01 NR Tach Indi cator
02 MGB Oil Temperature Indicator
03 MGB Oi l Pressure Ind icator

515 Advisory and Warnin g Li ghts
01 Airframe Fuel Filter Li ght
02 AFCS Auto Fail Light
03 Anti-Ice Light
04 APP EGT Light
05 APP Fire Light
06 APP Fuel Pressure Light
07 APP Hydraulic Pressure Light
08 APP Oil Pressure Light
09 Aux Fuel Pressure Light
10 Boost Pump Light
11 Cargo Hook Unlocke d Light
12 Gearbox Chi p Light
13 CIPR Light
14 EAPS Pressure Light
15 EAPS/Anti-Ice Light
16 Fuel Pressure Light
17 Engine Fire Warnin g Light
18 Engine Flame-Out Light
19 Engine Oil Pressure Light
20 Fuel Bypass Light
21 Fuel Flow Light
22 Fuel Low Level Light
23 Fuel Temperature Low Light
24 Generator Warning Light
25 Heater Hot Light
26 Hoist Isolation Warning Light
27 Hoist Low Pressure Light
28 Hoist Oil Hot Light
29 Cargo Hook Open Light
30 1GB Chi p Light
31 1GB Oil Pressure Light
32 Landing Gear Kneel Light
33 Load Leveler Unlocke d Light
34 Master Caution Light
35 MGB Chip Light
36 MGB Oil Pressure Light
37 Parking Brake Light
38 Rectifier Warning Li ght
39 Rotor Brake On Light
40 Rotor Brake Pressure Light
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515 Advisory and Warning Lights (Cont’d)
41 Rotor Droop Light
42 Ta il Skid Advisory Light
43 1GB Oil Pressure Light
44 MGB Oil Temperature Light
45 Turn and Slip Light
46 Utility Hydraulic Warning Light
47 VWS Warning Light
48 1st Stage Servo Light
49 2nd Stage Servo Light

516 Utility System Instruments
01 Cargo Hook Temperature Ind icator
02 Clock
03 Hoist Cab le Length Indicator
04 Hoist Oil Temperature Indi cator
05 Winch Tension Indicator

51 7 Pitot Static System

518 CIPR/VWS Systems

570 AFCS System
01 Yaw Channel
02 Yaw Channel (NORM)
03 Yaw Channel (REM)
04 Yaw and Roll Channels
05 Roll Channel
06 Roll Channel (NORM)
07 Roll Channel (REM)
08 Pitch Channel
09 Pitch Channel (AUX)
10 Pitch Channel (NORM)
11 Pitch Channel (REM)
12 Pitch and Rol l Channels
13 Bar Alt Mode
14 AFCS Trim
15 AFCS Trim Circuit Breaker
16 Remote Stick
17 Auto Fail Reset
18 Control Switch
19 Circui t Breaker
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APPENDIX B — MALFUNCTION DESCRIPTION CODES

003 Abort Start, Fails to 131 Charge , Fails to Hol d

005 Abort Test, Fail s to 133 Charge , Loss of

008 Accelerate , Fails to 140 Chattering

010 Acceleration Erratic 145 Clicking

013 Acceleration Fast 150 Close , Fail s to

015 Acceleration Slow 153 Close , Unab le to
F

020 Actuate, Unable to 160 Come on Line , Fai l s to

023 Actuation , Inadvertent 163 Come on Line , Slow to

025 Adjust , Unable to 168 Compress , Fail s to

028 Adjustment Improper 175 Contami nated

035 Agree , Fail to 178 Control Authority Inadequate

040 Attitude , Fails to Hol d 180 Control Feel Strange

042 Attitude Improper 182 Control , Loss of

050 Autorotation RPM High 185 Control Res ponse Improper

055 Putorotati on RPM Low 190 Creep ing

070 Backfires 195 Cycling On and Off

075 Beep , Unable to 200 Decelerates Too Fast

080 Biase d 204 Depressed , Fails to Remain

082 Binding 208 Discharged

090 Bottoms 2 12 Disengage , Fails to

095 Bounces 213 Disengage , Unable to

120 Cage , Fails to 214 Disengages Inadvertently

122 Calibrate , Unable to 216 Dis p laced

125 Center , Fails to 220 Dragging

130 Charge , Fails to 224 Drifts
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228 Droops 308 Flickering

232 Drops Of f Line 31 2 Flow , Erratic

245 Engage , Fails to 31 5 Flow , Fluctuating

248 Engage , Late to 316 Flow Indicated , Valve Closed

250 Engage , Slow to 31 7 Flow , Intermittent

251 Engages Erratically 318 Flow , Res tric ted

253 Engages Inadver tently 320 Flow , Zero

256 Engages Incompletely 324 Fluctuating

260 Erect , Fails to 328 Friction , Inadequate

263 Erect , Fails to Remain 330 Friction , Uneven

266 Erect , Slow to 334 Frozen

267 Erects Off Center 336 Fuel Dumping

270 Erratic 337 Fumes/Odor

274 Extend , Fails to 340 Hangs up

276 Extended 343 Hardover

— 280 Explosion 346 Heading , Fails to Hold

283 Extinguish , Fails to 347 Heavy

286 Extinguishes 348 Hold , Fails to

289 Fails Repeatedly 350 Hot Start

290 Feedback , Abnormal 352 Hunting

293 Filling , Stops 360 Grabb ing

295 Fire 365 Idle Improper

297 Flag Displayed 367 Idle , Unable to Adjust

298 Flag Fails to Display 380 Idles Fast

300 Flame Out 382 Idles Slow

302 Flaming 385 Illuminate , Fails to

304 Flashing
151
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387 Il l uminated 472 Noise , Unusual

390 Illuminated , Remains 475 Noisy

394 Inaccurate 480 Null , Fails to

395 Indication , No 483 Null , Remains at

396 Inoperative 484 Null , Unable to

398 Intermittent 490 O i l Consumpt ion Exces sive

405 Jack , Unable to 492 Oil Disc harge

406 Jack ’ s Slowly 494 Open , Fails to

407 Jammed 497 Open , Unab le to

410 Jumps 500 Opens Inadvertently

413 Kicks 505 Operate , Continues to

415 Kneel , Fails to 508 Operate , Fails to

420 Lagg ing 512 Operating, Stops

424 Leaking 515 Operation , Fast

428 Limits , Improper 518 Operation , Inadvertent

430 Limits , Out of 522 Operation , Interm ittent

435 Lock , Fails to 525 Operation , Slow

438 Locke d , Fails to Remain 530 Oscillates

440 Locked , Remains 534 Output Inadequate

445 Malfunctioning 538 Overfi l ls

450 Motion Erratic 542 Overs peed

453 Motor , Continues to 550 Park, Fails to

456 Motor, Fails to 554 Pegged

460 Motoring 557 Phase , Out of

465 Needle Displaced 560 Pitches

468 Needles Split 562 Play Excessive
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563 Popped 649 Reel , Fails to

565 Popping 650 Reeling Stops

570 Power, Fails to Reach Full 653 Reels , Continues to

572 Power , Lags 655 Reels Slowly

574 Power , Loss of 658 Reference, Fails to Hold

578 Power , Low 659 Release.. Fails to

582 Precesses 660 Release, Inadvertent

585 Pressure Buildup Slow 663 Release , Unable to

588 Pressure Drops to Zero 665 Releases Intermi ttently

590 Pressure , Erratic 670 Reset, Unable to
594 Pressure , Fluctuating 674 Respond , Fails to

596 Pressure , High 676 Response , Improper
600 Pressure , Incorrect 678 Response , Lack of
603 Pressure , Loss of 680 Response, Slow
606 Pressure , Low 684 Retract, Fails to
610 Pressure , Low Indication 6 8 7  Retracted, Fails to Remain
612 Pressure , Surging 690 Retracts Inadvertently

615 Pressure , Zero 692 Retracts Slowly

620 Pumping 695 Return , Fails to
630 Racheting 698 Returns Slowly

635 Reading , High 702 Rewind , Fails to
637 Reading , Incorrect 703 Rig, Unable to
640 Reading , Low 704 Rolls

• 642 Reading, Over Limit 708 Rotate, Fails to

645 Reading , Drops to Zero 712 RPM Decay
647 Reading Zero 715 RPM Erratic
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717 RPM High 798 Stops Suddenly
718 RPM Low 810 Surging

725 Seized 815 Switch Off , Unable to
727 Setting , Fails to Hold 818 Switches Off Inadvertently

730 Shut Down , Fails to 822 Switch On , Unable to
733 Shut Down , Unab le to 

826 Synchronization , Out of
735 Shuts Down Inadvertently 

830 Temperature, Drop In
738 Shut Off , Fails to 835 Temperature , Low
739 Shut Of f , Unable to 

838 Temperature, Low Indication
742 Slave , Fails to 

842 Temperature, Over Limi t
746 Slipp ing 

845 Temperature, Ri se In
750 Sluggish 850 Test , Fails to Pass
755 Smoking 855 Track , Fails to Maintain
758 Soft 858 Track , Out of
760 Sparking 

862 Transfer, Fails to
763 Speed , Low 

864 Transfer Improper
766 Spongy 870 Travel , Inadequate
768 Stalling 

875 Travel , Limited
772 Start, Fails to 878 Travel , Restricted
774 Start , Premature 881 Trim Out of Limi ts
776 Starts Late 

882 Trim , Unable to
778 Starts Slow 

885 Trims Slowly
782 Sticking 

890 Tumbles
785 Stiff 

895 Underfills
790 Stop , Fails to 

900 Unlock , Fails to
794 Stops Early 

910 Unreliable
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920 Unstable

930 Unwinds

940 Vibration

950 Wobbling

980 Yaws
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APPENDIX C — FIELD SURVEY QUESTIONNAIRES

A . FAULT SYMPT~~i:

Observid Hardware Fault Description

Nature /Degree Fault Conditions

B .  FAULT DETECTION AND REPORTI~G:

1 . This symptom is experie nced an estimated _____________ times/aircraft/year .

2. How else might this symptom be described? ___________________________________________________________

3. This symptom is usually detected by: C rew Flight PIlotf Maint.
Chief — Eng. — Co—Pilot Crew

4. This symptom is usually discovered during :

~~~~ APP Power on Engine Ground Shut
Start Checks Start Running Fligh t Down

5. What additional informetion is required to interpret the symptom?

6. Are descriptions of the symptom usually accurate and complete? ‘y es No

Deficiency :

C. FAULT CONFt~4ATjON:

1. What specific observations or tests would you make to confirm the fault?

2. Is this symptom reported at times when there Is no fault?

Sometimes ~arely Never
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CH—54 FIELD SURVEY QUESTIONNAIRE

0. FAULT ISOLATIO N EXPERI ENCE:

1. be~.m this symptom occurs , what component or components are usuall y at fault ?
(List in order of probability).

Rank

Component Failure/Malfunction _ .~ gg Rmolac*

1 . .  _ _ _ _ _  L I E
2. _ _ _ _ _  L I E
3. _ _ _ _ _  _ _ _ _ _  E L I
4. _ _ _ _ _  _ _ _ _  L I E
5. _ _ _ _  LIE

a. Rank each of the above c~~~onents with respect to (1) eas, of checkout. (2) ease of replac nt.
(1 • easiest; 4 • mast di fficult)

3. StatIstics show that tills fault is not corrected on the first att~~t S of the ti.a.
Fro, your experience this estimate is:

[] Nigh Low LI About Average
C. FAULT ISOLATION PROCEDURE:

1. How would you procead to isolate this fault?

2. When checking components, Is It difficult to ascertain if components are serviceable?

El Yes LI No Difficulty:

3. Troubleshooting this symptom Is: Not Very
Difficult Difficult Difficult

4 . On average , how many manhours are required?
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CH-54 FIELD SURVEY QUESTIONNA IRE

F . FA I J LI  I SO LATI ON RESOURCES:

Crew Flt. T.I. 1 l E lec— Avionic s
1. Who normally troubleshoo ts this symptom? Chief Eng. L......J trician Tech.

Other: ____________________

2. What test equipment is used? _________________________________________________________________________

3. Is troub~eshoot1ng hampered by inaccessibi lity to equipment or test points?

LI ~~ LI No Problems : —

E Yes E No4. Are troubleshooting instructions accurate and complete?

Specific improvements needed: __________________________________________________________________

NOTES AND Ca~lENTS :

0 •1
158
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CH-54 SURVEY PART II

Component: _____________________________

Nomenclature Part Number
Mode: ____________________________

Observed System/Component Observed Malfunction

Nature/Degree Condi ti ons

Mode :___________________________

Observed System/Component Observed Malfuncti on

Nature/Degree Conditions
Mode:____________________________

Observed System/Component Observed Malfunction

Nature/Degree Condi tions

Component:
Nomenclature Part Number

Mode:____________________________

Observed System/Component Observed Malfunction

Nature/Degree Condi tions

Mode :_____________________________

Observed System/Component Observed Malfuncti on

Nature/Degree Conditions

Mode: ___________________________

Observed System/Component Observed Malfunction

Nature/Degree Conditions
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AH- l/CH-47 FIELD SURVEY QUESTIONNAIRE

PART I - AIRCRAFT UTILIZATION DATA

Unit:

Location: _______________________________________________________________

Aircraft Model: 
__________________  

Number of Aircraft: 
____________

Current Utilization: 
_____________ 

Flight-Hours/Aircraft/Year

Average of Past Five Years: 
______ 

Flight-Hours/Aircraft/Year

PART II - SYMPTOM DETECTION AND REPORTING

1 . On what percentage of flights are discrepancies written up by
the flight crew?

2. What would you estimate is the average number of discrepancies
reported per flight?

3. What percentage of flight crew reported discrepancies are related
to the avionics and weapons systems of the helicopter?

4. What perventage of flight crew reported discrepancies are
discovered during:

Engine Start to Takeoff

In-Flight

On-Ground to Engine Shutdown

5. What percentage involve aborted missions?
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PART II (Cont’d)

6. Are flight crew reports usually accurate and complete?

7. What are the most common deficiencies?

8. How often is it necessary to consult with the flight crew to
obtain needed i nformation not contained in the written report?

9. Hcw frequently are symptoms reported when no fault can be found?

10. What types of symptoms are most prevalent in this regard?

PART III - TROUBLESHOOTING

1. What percentage of your time on the job is spent on:

Crew Duties

Aircraft Maintenance

Other Duties

2. What percentage of the maintenance time is spent on:

Cleaning , Servicing , Ground Handling

Inspection

Repair and Replacement

3. Of the time spent on repair and replacement, what percentage is
spent on troubleshooting , i.e. , looking for problems versus
fixing problems?

4. What percentage of all defective or failed components are found
by troubleshooting versus inspection?

5. How many flight crew writeups would you estimate you check out
In the course of a year?
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PART III (Cont~d)

6 . For what percentage of flight crew reports are you ab le to pin-
point the prob lem without troubleshooting?

7. How many troubleshooting actions would you estimate you per-
form i n the course of a year?

8. Who does most of the nonavionics systems troubleshooting?

9. How often are specialists (hydraulics , powerplant , etc.)
ca ll ed to ass i st?

10. Do tec h inspectors ever assist with troubleshooting?

11 . How frequently does a troubleshooting action i nvolve the
following :

. Discussion of prob lem wi th flight crew

Ground operation of the aircraft

Discussion of prob lem with other crew chiefs or
maintenance personnel

. Discussion of problem with the maintenance officer

. Consulting the maintenance manual

None of the above

12. There is no method of checking many components while installed
in the aircraft . What percentage of troubleshooting actions
involve swappin g of components as a method of verify i ng or
eliminating possible causes?

13 . For which systems of the aircraft is this practice most prevalent?

14. Are stocks of frequentl y used , i nexpensive parts maintained for
this purpose?
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PART III (Cont’d)

15. How much time would you estimate you spend on the average
troub leshooting action?

16. Who makes the decision to replace a high-value component only
sus pected of caus i ng a problem?

17. Do you recall any instances when an aircraft was down for an
extended period because the cause of a prob lem coul d not be
found? What was the nature of the prob lem(s) and how long
was the aircraf t down?

18. Based on your experience in the Army , how often woul d you
estimate the average Army crew chief makes an error in trouble-
shooting , i.e ., rep laces the wrong part or component?

PART IV - INSTRUMENT RELATED SYMPTOMS

1. What percentage of flight crew writeups involve symptoms
observed via aircraft instruments or warning devices?

2. When abnormal instrument readings are experienced , how often
does it reflect a defect or failure of the instrument rather
than a failure of the monitored system?

3. What types of instruments are the most unreliable?

4. How often do warning lights give false indications and which
are the most unreliable?

PART V - TROUBLESHOOTING INSTRUCTIONS

1. Are most troubleshooting problems sufficiently familiar to
your that you can begin troubleshooting without reference to
the maintenance manuals?
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PART V (Cont’ d)

2. How often do you refer to troubleshooting instructions in the
maintenance manuals?

Always Frequently Occasionally Rarely

3. What percentage of the symptoms occurring on the aircraft
woul d you estimate are covered by TM troub leshooting instructions?

over 90% over 2/3 over 50% less than 50%

4. How thoroughly does the typical TM troubleshooting table
cover the possible causes of a symptom?

nearly all most majority only obvious ones

5. When an unfamiliar symptom occurs on the aircraft , can trouble-
shooting instructions usually be found quickly?

6. One criticism of current troubleshooting instructions is that
they are oriented by systems of the aircraft , rather than by
symptoms of failure . Have you found this to be a problem?

7. Do you have any specific recommendations for improving trouble-
shooting instructions for Army helicopters?

PART VI - TEST EQUIPMENT

1. What types of test equipment are routinely used in troub leshooting?

2. How extensively is manufacturer supplied flight line test
equipment used?

PART V II - TRAINING

1 . How much training have you received in fault isolation
maintenance?

Classroom:

OJT:
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PART VII (Cont ’d)

2. Do you think that Army mechanics would benefit from more
extensive formal training in fault isolation?

PART VIII - GENERAL RECOMMENDATIONS

1. One recommendation for improving the quality of flight crew
writeups is for the Army to adopt the use of a post-flight
debriefing checklist. What are your views on this recomendation?

2. Another recommendation for improving fault isolation maintenance
is for the Army to create a Troubleshooting Specialist MOS
similar to that of the Ai rcraft Tech Inspector. What are your
views on this recommendation?
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APPENDIX 0
PARTIAL PRELIMINARY LISTINGS OF NATURE/DEGREE

AND TEST PARAMETER CODES

Nature/Degree Codes —

13 Aft

19 Circular . 
-

20 Constantly

11 Down

14 Fore and Aft

12 Forward

32 Heavily

21 Intermittently

18 Lateral

15 Left

30 Light ly

31 Moderately

04 N Per Rev

22 Randomly

03 Rap idly

16 Right

01 Slowly

02 Sluggishly

23 Sporadically

05 Suddenly

10 Up

17 Vertical
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Test Parameter Codes

051 Acceleration 041 Obstruction

014 Actuation Time 022 Preload (Static Load)
030 Adjustment 013 Pressure
031 Ali gnment 008 Pulse Rate
056 Balance 002 Resistance

005 Capacitance 034 Rigging

033 Clearance 037 Security

040 Contamination 050 Speed
001 Continuity 020 Spring Rate

004 Current 053 Temperature

021 Extension 054 Temperature Rise

012 Flow Rate 052 Time

036 Force 055 Timing

006 Frequency 032 Tolerance

043 Friction 035 Torque

042 Interference 003 Voltage

Oil Leakage 007 Wave Form
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APPENDIX E - GLOSSARY

There are a number of terms that take on a special connotation when used
in the context of fault isolation maintenance . Defined below are terms,
either generic in nature or originated under this program , that are used
throughout this report.

Contributing Function. A physical process or operation performed by the
system or an interfacing system required for the execution or maintenance
of a system-level function. By definition , a contributing function is
observable by the operator. A contributing function may itself be a
system-l evel function for another system.

Defect. A condition other than failure , such as improper alignment or
adjustment , that causes a system malfunction.

Diagnose. Troubleshoot. Fault isolate.

Failure. The inability of an item to perform within specified limits .
Failures that are manifested in a type of abnormal system performance unre-
lated to the failure or that are common to other failures are said to exhib-
it symptoms of failure and must be located through the process of fault iso-
lation. In these cases, the failure is the “cause” of a symptom.

Failure Mode. The manner in which an item or function can fail .

Fault. The fai lure or defect causing a symptom. Also , less accurately,
the symptom itself.

Fault Isolation. Maintenance procedures i nvolving i nspections, tests and/
or substitution of equipment for the purpose of locating the fai l ure or
defect causing a system malfunction. Fault isolation is synonymous with
troubleshooting.

Fault Isolation Procedure. A set of instructions prescribing sequential
inspections , tests and/or substitutions of equipment for the purpose of
locating the cause of a symptom.
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Fault Isolation Task Candidate File. A set of records, each containing a
symptom/cause relationship and related troubleshooting task data, that
provides the source material for a fault isolation procedures manual.

Fault Isolation Task Candidate Listin g. A computer-generated listing of
the fault isolation task candidate file , sequenced by symptoms and causes ,
that the technical writer uses to establish fault isolation procedures.

Instrument Indication. An indication of malfunction conveyed via an air-
craft instrument , warning light or other diagnostic device.

LRU. Line replaceable unit. The lowest level part or component that can
be replaced to correct a system malfunction .

Malfunction. Abnormal performance. A mal function is a symptom when it is
observable by the operator and its cause cannot be determined without
troubleshooting.

Observable System Malfunction. A system malfunction that the operator
observes directly rather than via an instrument indication or symptomatic
sensory perception.

Observer. A member of the aircraft flight crew or maintenance crew who
observes a symptom.

Operator. A member of the aircraft flight crew or maintenance crew who
operates a system.

Other Crew Sensory Perception. Unusual sights , sounds , odors and vibrations
symptomatic of a mal function.

Outl ine Fault Isolation Procedure. A computer-generated listing of the
fault isolation task candidate file , organized into fault isolation pro-
cedures , that guides the technical writer in preparation of the maintenance
manual .

Symptom. Any evidence of abnormal system performance whose cause cannot
be determined without troubleshooting. A symptom may be an observable
system malfunction , an instrument indication of a malfunction , other crew
sensory perception of a malfunction , or a combination of the three. A
symptom Is described by as many as four separate observations: the sys-
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tern or component observed to be malfunctioning or indicatin g the presence
of a malfunction , the observed type of malfunction , nature or degree of
the malfunct i on , and the conditions under which it occurs.

Symptom Cause. A failure or defect constituting the source of a symptom.

Symptom Cause Probability . The probability , based on predicted or observed
failure rates , that a given failure or defect is the cause of a symptom.
Cause probability equals failure probability when a failure or defect a]-
ways produces the same symptom.

System Failure Modes Analysis. An analysis of a system whose purpose is
to identify failure modes with a potential for causing system malfunc tions .

System Functional Analysis. An analysis of a system whose purpose is to
identify the principal modes of operation and potential sources of malfunc-
tion.

System-Level Function. One of the principal operating states of a system
or the mode of transition from one principal operating state to another.
A system-level function is observable, by the operator.

- - System Malfunction. Any form of abnormal system performance , real or in-
dicated. A system malfunction is a symptom when the cause of the malfunc-
tion cannot be determined without troubleshooting.

Trouble. Symptom.

Troubleshooting. Maintenance procedures i nvolving inspections , tests and!
or substitution of equipment for the purpose of l ocating the failure or
defect causing a system malfunction . Troubleshooting is synonymous with
fault isolation.

WUC. Work Unit Code. A code system used to identify systems, equipment ,
components and parts of the aircraft.
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APPENDIX F - LIST OF ACRONYMS

AAH Advanced Attack Helicopter

AFCS Automatic Flight Control System

APU Auxiliary Power Unit

AVIM Aviation Intermediate Maintenance

FEA Front End Analysis

FIAT Fault Isolation Analysis Technique

FMEA Failure Modes and Effects Analysis

LRU Line Replaceable Unit

MOS Military Occupational Specialty

MRSA Material Readiness Support Activity

ORME Operations Reliability/Maintainability Engineering

RFI Ready for Issue

R&M Relia bility and Maintainability

SPA Skill Performance Aids

TAMMS The Army Maintenance Management System

TARCOM Tank-Automotive Readiness Command

TI Technical Inspector

WUC Work Unit Code

3-M Maintenance and Material Management
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