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EUSTIS DIRECTORATE POSITION STATEMENT

A questionnaire was developed to use the knowledge of experienced

U, S. Army aviation maintenance personnel. Over 500 UH-1H and CH-47
helicopter mechanics completed the questicnnaires. Analysis of the
answers to the 50 questions identified areas in Army aviation
maintenance that merit further study. Potential areas of improvement
in environment, resources (manuals, tools, personnel, etc.), diagnos-
tics (test equipment, troubleshooting procedures, etc.), applications
(aircraft and supporting equipment design), and logistics (spare parts

supply) are identified.

UH-1H and CH-47 aircraft log books, and CH-54 Operational Reliability
and Maintainability Engineering (ORME) data analysis identified over
1200 repetitive maintenance events. These were analyzed to determine
the probable cause of the failure to repair the deficiency correctly

on the first attempt,

The conclusions and recommendations contained herein are concurred in
by this directorate.

The trchnical monitors for this contract were Mr. Howard M. Bratt and
Mr. G*gy R. Newport, Military Operations Technology Division.
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DISCLAIMERS

The findings in this report are not to be construed as an officisl Department 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 obligatiun whatsoever; and the fact that the Government may have formulated, furnished,
or in any way supplied the said drawings, specifications, or other data is not to be regarded by implication or
otherwise as in any manner ticensing the holder or any other person or corporation, or conveying any rights or
pormission, to manufacture, use, or sell any patented invention that may in any way be related thereto.

Trade nanwcs cited in this report do not constitute an official endcrsement or approval of the use of such
commercial hardware or software.

DISPOSITION INSTRUCTIONS

Destroy this report when no longer needed. Do not return it to the originator,
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INTRODUCTION

Repetitive maintenance actions and incorrect diagnoses of com-
ponents have lonyg been suspected of causing removal for over-
haul or repair and contributing significantly to reduced
efficiency of U. S. Army aviation maintenance.

The objective of this study was to identify and evaluate the
attributes that cause loss in maintenance effectiveness by
incurring repetitive actions and incorrect diagnoses of com-
ponents at the organizational level of maintenance. Ilainte-
nance is assumed to be performed by skilled personnel in varied
operational environments within logistical support constraints.
Representative responses from these personnel and from records
relative to the causes of ineffective maintenance were obtained
vy direct interview and by the use of a widely distributed
questionnaire. Detailed searches were made of standard
maintenance forms and records to assess repetitive maintenance
at oryanizational, direct support, and depot iaintenance levels.

This report describes the procedures used in analysis of the
questionnaire and Aray maintenance records. Analysis of these
data confirms that repetitive maintenance and incorrect
diaynostics are a serious problea and that diagnostics,
resources, and applications are the primary causes of

the problemn.

Recommendations are mmade to improve the use of test cquipment,
to develop improved troubleshooting guides, to enforce standard
maintenance procedures, and to encourage depot operations to
deternine cause of failure on major components in the interest
of improving Army maintenance efficiency.

The questionnaire, developed to gain responses from operational
maintenance personnel, was distributed to six active operational
U.S. Arwy bases within CONUS that maintain larygye quantities

of Uli-1lll and Cl=47C heliconters. The questionnaire and in-
structions for completing it in the field are presented on
pages 11-23 exactly as they were used for this program.
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MAINTENANCE EFFECTIVENESS ANALYSIS QUESTIONNAIRE

THIS IS A QUESTIONNAIRE TO PROVIDE INFORMATION ON THF CAUSE AND
FREQUENCY OF MAINTENANCE TASKS WHICH REQUIRE REPEATED EFFORT BEFORE
BEING SUCCESSFULLY REPAIRED, THE REASON FOR PERFORMING THIS STUDY
IS TO DEVELOP IMPROVED DESIGNS AND MAINTENANCE PROCEDURES FOR FUTURE
ARMY HELICOPTERS. UH-1 AND CH=-47 HELICOPTER MAINTENANCE AND OPERATIONS
COMPANIES ARE BEING SURVEYED BECAUSE THESE TWO AIRCRAFT REPRESENT THE
LARGEST INVENTORY IN THE ARMY TODAY.

IT IS REQUESTED THAT YOU COMPLETE THIS QUESTIONNAIRE TO THE BEST
OF YOUR ABILITY AND:

ANSWER ALL QUESTIONS
WRITE OR PRINT LEGIBLY

. COMMENTS ARE WELCOMED

THE QUESTIONNAIRE CONTAINS QUESTIONS THAT REQUIRE ''YES'" OR ''NO"
ANSWERS, AND OTHER QUESTIONS THAT NEED MORE TIME AND EFFORT TO COMPLETE.
YOUR RESPONSE TO ALL QUESTIONS IS IMPORTANT, PLEASE BE FRANK AND HONEST
IN YOUR ANSWERS. YOU, AS AN INDIVIDUAL, HAVE THE OPPORTUNITY TO EXPRESS
YOUR FEELING AND TO USE YOUR EXPERIENCE TO HELP MAKE BETTER ARMY HELI-
COPTERS FOR THE FUTURE. YOU MAY FIND QUESTIONS THAT DO NOT APPLY TO
YOUR CURRENT MOS OR JOB, ANSWER THESE QUESTIONS TO THE BEST OF YOUR
ABILITY. FEEL FREE TO CRITICIZE ANY QUESTION. IT IS YOUR EXPERIENCE
AND KNOWLEDGE ABOUT ARMY MAINTENANCE THAT IS IMPORTANT,

PLEASE FOLLOW INSTRUCTIONS NOTED WITH SPECIFIC QUESTIONS AS REQUIRED,

11



A.

QUESTIONNAIRE

General Questions

1. Please list your M,0,S., rank and experience in
maintenance:
CURRENT M™,0.S.
CURRENT M,0.S. RANK EXPERIENCE (YEARS)

TOTAL AIRCRAFT EXPERIENCE (YEARS)

TYPE OF HELICOPTERS

LOCATION UNIT

2,

3.

aircraft

You are presently assigned to:

Support Support
Which aircraft systems do you work on?
Hydraulics Airframe
Flight Control Armanent
___Powertrain Rotor Systems

Were you school trained in the MOS in which you
assigned?

Yes No

Do you think the trouble-shooting tables in the
maintenance manuals are adequate for your work?

Yes No
Do you have all shop tools listed in your TO&E?
Yes No

Are there shop tools you need that are not TO&E
authorized?

Yes No

12
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8.

10.

11,

Trial and error is used to trouble-shoot a maintenance
problem because,

it is an easy way to correct the problem
it is fast

lack of experience

T.M. covers only obvious causes

Which of the following gripes are hardest for you to
diagnose on the first try?

Vibrations

Electrical

Engine (including APU)
Avionics

Flight Control
Hydraulics

Fuel System

Rotor System

Before a repairable part is sent out of your unit for
analysis and repair it is:

operationally tested to see if it is unserviceable
packaged and shipped without further checking
bench tested
checked by Tech. Inspector

Excessive leakage from gear boxes, pumps and servos

is determined by:

Gear
Boxes Pumps Servos

.observing sight gage

.collecting fluid in a container
for accurate measurement

.counting drops per minute (static)

+counting drops per minute while
operating

.wiping part and watch for seepapge

.cannot be measured

.guessing that the leakage is
excessive

13



12, Are recoverable parts frequently sent out for repair because
trained personnel are not available.

Yes No

13. Is test equipment used to check out removed parts to
determine if they are serviceable before turning them
in to supply?

Yes No

14, When you perform corrective maintenance, how often does the
first fix fail to work?

less than 107 of the time
less than 507 of the time
more than 507 of the time
15. Where do you go to get trouble-shooting assistance for
maintenance problems? Who do you see first, second,
third, etc.
Go to fellow mechanic
Go to Maintenance Officer
Rely on my own knowledge and experience
Go to Maintenance Supervisor
Use tech manuals
Go to Tech. Inspector
16. DNo you feel you would perform better maintenance if you
were permitted to disassemble repairable components to

find out what caused a failure?

Yes No

14



What is it about your job that bugs you most?
Paper work
Supervision
Lack of manuals
Lack of spare parts
Lack of tools
Extra duties

Not allowed to do work I am capable of doing

Nothing bugs me

List maintenance tasks that have caused more than one part
to be replaced before the right part was 1dentif1¥h. Put
parts in order of removal, the last one being the one that

solved the problem.
/

Maintenance Tasks Order of Parts Replacea

a. L] ) L]

b. . _’
i

Cn » L]

When an unusual vibration occurs, you identify the cause of
the vibration(s) by

Serviceability check

Replacement of component(s) i
{

Letting someone else make the decision?

Do you have a vibration meter available for your use?

Yes No




21.

22,

23.

24,

25.

26.

27.

How many defective parts have you been issued from supply
in the past year? Number of Parts

What are the reason(s) for defective parts being issued from supply?
Check one which occurs most cften,

Mis-identified part

no historical record card

improper service check before issuing part
poor quality control

How many wrong parts have you been issued in the past year?
Number of parts.

What are the reason(s) for wrong parts being issued from supply?
Double check the one that occurs most often.

wrong FSN ordered
wrong FSN supplied
outdated part
T.M, not clear

Example(s) of wrong parts from supply having been
installed on the aircraft include

Who usually decides that a major component is defective and
requires replacement:

Maintenance Officer Maintenance Supervisor
Tech. Inspector Tech. Rep.
As the result of trial and error trouble-shooting,
serviceable parts are turned into supply as
unserviceable, Why does this happen?
Afraid part is contaminated

No way of accounting for extra part

Easier

. Otherwise supply will not take it back

16



28.

29,

30.

31.

32,

33,

What serviceable part(s) have you seen turned in to supply
as urserviceable (1n the past year)?

Part Reason Claimed for Unserviceability
a.
b,
C,

What percent of the time do parts get condemned as defective
when actually they were serviceable?

less than 107
117 to 25%
__more than 25%

After removal, is a suspected failed part again checked
before being sent out of your unit for analysis and repair?

Yes No

When a non-repalrable part has failed, do you attempt to
find out why it lailed?

Yes No

In general, how accurate is the flight crew ~13 write-up?
Poor
Fair
Good

What areas related to Army maintenance could be improved?
Check the important ones and number them in order of importance.

Special toois

Test equipment

Parts supply

Tech, Manuals

Work environment
Technical Supervision
Aircraft too complicated

Training

17



34,

35,

36.

7.

38,

39.

Is the location of a part on the alrcraft an important cause of
repeated maintenance actions (two or more actions required
to solve the problem)?

Yes No

Is lack of special tools an important cause of repeated
maintenance actions?

Yes - No

What percent of the time is trial and error used to correct a
maintenance problem?

0 - 30%
31 - 50%
51 - 100%
Do you think that a maintenance test flight before each
Periodic Inspection would reduce the number of repeated
maintenance action(s) required after Periodic Inspection?

Yes No

Did school training cover the use of diagnostic equipment
for trouble shooting?

Yes No

What problems do you have in using maintenance manuals?
Check most important ones and number in order of importance.

Not up to date

Poor trouble shooting tables

Pages fall out

Instruction not clear
Not enough manuals

Changes are not correct

18



UH=-1H

The following questions should be answered by personnel
with UH-1 experience. CH-47 questions begin two pages later,

B. UH-1H Questions

40, Which of the following repairs on the UH-1H are the most
difficult to repair successfully on the first attempt?

___ rigging tail rotor
tracking main rotor
______hydraulics
engine throttle linkage
shimming sync. elevator
rear damper mounts
linear actuator adjustment

41, Several attempts are necessary to properly adjust cyclic
stick rigging because:

lack of proper tools
too many adjustment points
location of adjustment points

42, Several replacements of a main rotor head to correct
1 to 1 vibration is a common maintenance requirement,

Yes No

19



UH=-1H

43, Which of the following items are hardest to trouble-shoot?
Check the most important items and number in order of importance.

Fore and aft force gradient spring
Collective servo
Main transmission oil filter
Transmission damper mount bearings
Starter generator
Cyclic torque tube
Irreversible valves
Fuel probes

04l cooler
Inverters
Flux valve on RMI
Engine

44, What additional test equipment would be of value to you?

vibration meter
hydraulic mule
thermocouple probe tester
temperature gage tester
frequency meter

fuel probe tester

20



C.

CH-47C

CH=-47C Questions

45, Which of the following at repai:s on the CH-47C are the
most difficult to repair successfully on the first attempt?

______tracking blades

__fligi. control rigging
electrical
safetying aft trans, oil filter
engine controls
engine tach, generator
adjusting N-1 actuator
generator

SAS

APU

46. What per cent of the maintenance actions on landing
gear power steering fail to work the first time?

_____less than 257%
more than 257
47. Excessive vibration is reported as a -13 write-up.
after every flight
once out of every 2 flights
once out of every 4 flights
once out of every 10 flights

once out of every 25 flights,
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48,

49.

CH=4TC

Which of the following most commonly cause a high
frequency vibration and require maintenance action?
Number in order of most common cause.
__ __hydraulic pumps
______cooler fan motor
_____engine gearbox (90°)

aft transmission

forward transmission
______combining gearbox

forward synchronizer shafts

engine drive shafts

hanger bearings

engine mounts

aft synchronizer shafts

forward rotor

aft rotor

What is the cause when repairs on flight boost accumulators are
not successful?

use of incorrect seals
not submerged or bench tested

improper assembly
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cH-47C
50. Repeat maintenance actions on the P-SAS are caused by:
_ ____adjustment 1s difficult
one component has high failure rate
____availability of parts
lack of test equipment

lack of training
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BACKGROUND AND APPROACH

Over 50% of Army aircraft maintenance diagnoses at organiza-
tional level were reported as being incorrect by a high rank-
ing military official. U. S. Army Agency for Aviation Safety
(USAAAVS) reported that poor inspections and/or improperly
performed maintenance actions were frequently the cause of
helicopter mishaps. Analysis of those maintenance problems
that were difficult to diagnose and repair was considered to
be a potential source of recommendations to improve maintenance
efficiency, that is, to have maintenance done correctly on the
first attempt. An evaluation of U, S. Army maintenance opera-
tions has been conducted to determine the extent and causes of
incorrectly diagnosed troubles and improperly performed correc-
tive maintenance actions. The aircraft chosen for this study
were the UH-1H and CH-47C helicopters, because they represent
the largest fleets of helicopters in the Army inventory. 1In
addition, CH-54B helicopter data already compiled was examined
for comparison with UH-1H and CH-47C field experience.

To accomplish the program objectives, three efforts were
inplemented to obtain the required information from organiza-
tional maintenance activities:

1, A questionnaire was developed and distributed to
Army organizational maintenance personnel to obtain
views on U., S. Army maintenance operations,

2, A search was made of Aircraft Inspection and Mainte-
nance Records, DA Form 2408-13, at typical U, S.
Army operational bases to identify repetitive mainte-
nance actions.

3. A search was made of Comiponent Removal and Repair/
Overhaul Records, DA Form 2410, at typical operation-
al bases and depots to identify component reasons-
for-removal at the operational level and to correlate
them with causes~of-failure found during disassembly
and inspection at the depot. This correlation, or
lack of correlation, would be a measure of the
accuracy of field diagnostics.

Each of the above efforts employed to the extent possible the
same U, S. Army bases and military activities as data sources.
Three typical U. S. Army activities and one National Guard unit
with large fleets of UH=-1ll and CH-47C helicopters were visited
to test the questionnaire, interview maintenance personnel, and
collect data on repetitive maintenance actions and incorrect
diagnoses. Two U. S. Army depots were visited to assess
teardown and inspection overhaul data.
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Oover 940 questionnaires were distributed to six U. S. Arny
pases to obtain responses on which to base evaluation of
maintenance operations.

DEVELOPMENT OF QUESTIONNAIRE

The questionnaire,which consisted of 50 questions, was developed
as the result of extensive field testing, assessment, and
retesting. The purpose of the questionnaire was to obtain the
views and attitudes of organizational maintenance personnel

and their reactions to current U. S. Army maintenance operations
and procedures.,

The questions were evaluated by maintainability engineers,
statisticians, human factors engineers, product support
technicians, and service school instructors to establish
question structuring and type. The questions were modified
and improved as experience and testing inputs required. To
facilitate analysis, questions were structured as single
response, multiple choice, ranked multiple choice, and essay.
The essay questions were kept to a miniwum, as they elicited
subjective responses that were difficult to analyze and
quantify. The final questionnaire contains questions of the
type shown in Table 1.

TABLE 1. QUESTIONS BY TYPE

Type Quantity

Yes/No 15
Quantitative answer 2
Multiple choice where answer

categories are mutually exclusive 7
lMMultiple choice with more than one

answer permitted 15
Multiple choice with more than one

answer solicited and ranked 7
Multiple choice froin a matrix of

categories 1
Multiple essay answers 3
Total Number of Questions 50

25



Questions that were deleted as a result of the testing phase
fall into several categories. Some were found to be redundant,
ineffective, or unnecessary. Other questions generated
sufficient responses to enable discontinuation of a particular
line of questioning. An exanple of this was a question
relating to training: "Is on-the-job training better than
school training?" The answers depended on the backyground and
experience of the respondent. The general conclusion was that
the quality of training programs varied. On-the-job training
quality varied from base to base and depended on supervision
and procedures employed. Formal classroom training was more
structured than on-the-job training, but gave the mechanic
only limited opportunity to practice a skill.

The questionnaire was field tested at four locations, and six
iterations of content were made, as shown in Table 2. Only

then was the final questionnaire approved for wide distribution.
After each field test, observations were made relative to:

(1) time to complete questionnaire, (2) percentage of response
to each question, (3) consistency in response, and (4) impor-
tance of question. At first, several questions were asked
relating to the same subject in order to find the best approach
or wording. Questions relating to the same subject were
generally grouped togyether. In some cases, to reduce dependency
between gquestions, some related questions were dispersed
throughout the questionnaire.

As questions were field tested, interviews were conducted to
gain knowledge of coumpleteness and reaction by respondents.
For exauple, it was found to be important to include initial
questions in the questionnaire that encouraged participation.
This was accomplished by including an introductary page
explaining the reason for the questionnaire, followed by
questions about the individual's experience, skill, and
location,

As a result of field testing of the questionnaire, the nurber
of attributes considered to affect waintenance operations in-
creased from five to ten. These attributes, as defined in
Table 3, formed the basis for the final phase of questionnaire
developunent,

Each question was assessed relative to its application to a

particular attribute. As shown in Table 4, several questions
applied to more than one att.ibute.
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2.

4.

6.

7.

N

9.

10.

TABLE 3. DUEFINITION OF ATICRIUSUTLS

Attribute

Experience

Training

Supply

Tools

Test Equipnient

Troubleshooting
Procedures

standard Procedures

Job Evaluation

Desiyn

Maintenance Manuals
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Definition

Skill in !lO5 and type of
nelicopter or systems wased
on years assigned to MOS
and years of experience in
Arny aviation.

School and/or on~the-job,
special, or identifiable
education related to skill.

Aircraft replacewent parts
requisition and logistics
support.

Standard and special shop
T0L authorized tools and
unauthorized tools,

Standard and special TOE
authorized and unauthorized,
including diagnostics
eyuipwent.

Procedures used to deteruiine
corrective action, including
trial and error and tables
provided in maintenance
slanuals,

Maintenance policy and shop
Oor coawpany procedures as
they affect work perforiiance.

Maintenance personnel
attitude work enviroauent,
and supervision.

Structural and mechanical
design assembly of the
helicopter.

Technical maintenance, parts
supply, and procedures
handbooks and inspection
checklists.



TABLE 4. RELATING QUESTIONS TO ATTRIBUTES
Questions Desigyned To No. of Questions

Attribute Assess Attribute ~per Attribute
1.9 Experience 1, 2, 3 3
2. Training 4, 12, 33, 38 4
31 Supply 17, 21, 22, 23, 24,
25, 27, 28, 33, S50 10
4. Tools 6, 7, 17, 33, 35, 41 6
5. Test Equipment 13, 20, 33, 44, 50 5
6. Troubleshooting
Procedures 8, 9, 11, 14, 15, 18
19, 29, 36, 42, 48,49 12
7. Standard
Procec:':-es 10, 12, 13, 16, 26,
27, 30, 31, 37 9
8. Job Evaluation 17, 32, 33 3
9. Design 9, 34, 40, 41, 43,
45, 46, 47, 49, 50 10
10. Maintenance 5, 15, 17, 33, 39 5

The final questionnaire, pages 11-23, consisted of 50 questions,
39 of which were generalized so as to not reflect a particular
helicopter type or model. Eleven were special.zed and related
to the UH-1lH and CH-47C helicopters.

REPETITIVE MAINTENANCE ACTION DATA COLLLCTION

U. 5. Army operational maintenance records were searched and
analyzed to identify repetitive maintenance actions and to
determine the causes and severity of these actions. The Army
Maintenance lManagement System (TAMMS), in conjunction with the
Army Bquipment Record System (TAERS), was used to provide the
required information on procedures. The Aircraft Inspection
and Maintenance Record, DA Form 2408-13, was used to provide
data on maintenance and service of Army aircraft., This form
records:

. detected faults and action taken to correct then
. aircraft flying hours

. naintenance and servicing actions

. status of aircraft

This form is completed daily when the aircraft is operational.
Tiie pilot or his designee (crew chief/flight engineer) com=-
pletes the form, recording data as necessary. Imnediately

upon discovery of a fault or upon removal of a part or
accessory, the individual makes an appropriate entry on the
first open line of the current DA Form 2408-13, The pilot must
initial all fault-recorded eatries and actions prior to flight.
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This DA Form 2408-13 recording procedure provided the
necessary information to identify repetitive maintenance
actions for a representative six-month period on both Uli=lll
and Cli=47C helicopters. Data for identifying CH-54B
repetitive maintenance actions was taken from the Operational
Reliability iaintainability Engineering (ORME) program,

INCORRECT DIAGNOSIS DATA COLLECTION

Tune objective of tnis effort was to collect data on con-
ponent removals at the operational maintenance level and to
compare them with repair/overhaul information from depots. From
these data, it could be determined whether components had
been removed and sent to overhaul without proper reason.
Incorrect diagnosis of part failure in the field could then
be traced to the repair/overhaul facility by comparing the
reason-for-failure found during disassembly and inspection
with that recorde.. upon rewoval of the caaponent from the
aircraft. To do this, it was necessary to search Arny
maintenance records to find whether a weans existed for
tracking a part from operational maintenance level to depot.
It was found that the Army Maintenance Manayement Systen
(TAIlNS) and the Army Equipment Record System (TAERS) use
Coamponent Renoval and Repair and Overhaul Record, DA Forn
2410, to track repairable components. The DA Form 2410 is
prepared by the using organization when the unserviceable
component is removed from the aircraft. At this tiwe, a
failure code is recorded in block 18 of the multi-copy formn.
The record is then shipped with the component to the depot
or repair facility. The reverse side of copy 5 is then used
vy the depot to record parts replaced and the failure code.

It was expected that analysis of the DA Form 2410 records,
including field and depot inputs for a six-month period for
several UH-1ll and CH=-47C helicopters, would provide data to
deternine the extent of incorrect diaygnosis as a cause of
ineffective maintenance. However, after reviewing six months
of DA Form 2410 ficld data and upon visiting the depots, it
was found that the depots did not use the DA Form 2410 con-
sistently. Discussion with depot personnel revealed that
activities such as depots that employ an assembly-line pro-
duction method of overhaul have an option of waiving the use
of copy 5 for an alternative method of reporting if approved
by the U, S. Army llateriel Command. As a reciult, the data
were incomplete. This subject is discussed £\ :ther in the
section of this report entitled "INCORRECT DIAGHNOSTIC DATA,"

30



QUESTIONNALIRE ANALYSIS

Of over 940 questionnaires distributed to maintenance personnel
at six major U. S. Army bases flying large complenents of

UH=-1H and CH=47C helicopters, 551 completed questionnaires were
returned and statistically analyzed to identify the causes of
maintenance inefficiency. Tne results of the analysis are
cateyorized in five major Army manageinent attributes, shown in
Table 5. These attributes are shown with the related basic
attributes of Table 3.

TADLE 5. COMPARISON OF ATTRIBUTLS

Army Management Basic Attributes
Attribute (from Table 3)

1. Lnvirolusent Experience, Job kvaluation

2. Resource Traiuinyg, Tools, !laintenance
Manuals

3. Diaynostics Troubleshooting and
Standard Procedures, Test
bBquipnent

4. applications Design

3 Loyistics Supply

Each question was analyzeu with respect to its related
attribute. Statistical correlation among questions provided
furthier insight into their relationships with the basic
attributes. 7o derive the .aaximwa information frow these
questions, statistical credibility of relationships between
angwers to various questions was established. i chi-square
(X¢) approach is used in accomplishing these evaluations. A
X¢ test of goodness of fit is a commonly used method of test-
ing normality. Ax 2 test compares a set of sample frequencies
with a set of frequencies that would be expected on the basis
of swume nypotnesis. If the two sets compare well, the
nypothesis is accepted; if they compare badly, the hypothesis
is rejected. Since the distribution on which the decision to
accept or rejgct is based on the X ¢ distribution, the test

is called ay € test.

Tne questions involve the following types of responses:
(a) yes/no

(b) nultiple choice where answer cateygories are mutually
exclusive

(c) multiple choice with more than one answer permitted
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(d) quantitative answers

(e) multiple choice with more than one answer solicited
and ranked

(f) multiple essay answers (did not require statistical
analysis)

(g) mnultiple choice from a matrix of categories (did not
require statistical analysis).

Table 6 lists the relationships among questions and the number
of statistical evaluations perforued.

TABLE 6. RELATIONSHIPS DETLCRMINED

Relationships Number Processed
1. (a) vs (a) 34
2. (a) vs (b) 14
35 (a) vs (c) 24
4. (a) vs (e) 24
e (b) vs (b) 4
6. (b) vs (c) 14
7. (c) vs (c) 2
8. (c) vs (e) 4

In applying the)(2 testl of correlation between questions, a
level of significance of 0.002 was used (that is, a chance of
two incorrect answers in 1000)., DBased on the assigned level
of significance and the degrees of freedom manifested by the
specific example, a critical value can be read from standard
X < tables such that the following conclusion may be_drawn.

If the computed X 2 statistic exceeds the critical X2 value,
there exists sufficient statistical evidence that the answers
to the two questions studied are related.

An exanple of the )(2 statistical procedure is given to show
the rationale for relationships and to observe whether data
from UH=-1H (11OS 67N) and CH=-47C (MOS 67U) maintenance personnel
yield different results.

Example: Is there a relationship between the answers to
Q7 and Q35? Question 7: Are there shop tools

lpixon and Massey, Introduction to Statistical Analysis,
New York, McGraw-HIII, 1957, pp. 221 - 226.
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you need that are not TOE authorized? Question
35: 1Is lack of special tools an important cause
of repeated waintenance actions?

Use all Ul=1H (MOS 67N) and CH-47C (MOS 67U) population in a
2 x 2 arrangement of data, that is, Q7 yes/no vs Q35 yes/no,
and perform analysis as shown in Table 7.

TABLE 7. QUESTION 7/35 RELATIONSHIP

Total UH=1H and CH=47C

Q7 Yes Q7 No
Q35 Yes (a) (b) (a+b)
212 55 267
Q35 No (c) (a) (c+d)
83 39 122
(a+c) (b+d) (N)
295 94 389 at+b+c+d = N

then x2 = (lad = bc! - 1£2N)2N = or
(a+c a+ c+d)
X2 = ([212x39 - 55x83 - 1/2 389)2 389 = 5.3
(leTTTFT_ﬂLTILﬁ)JFTTJf 55+39) (212+ 53+39)

This value is compared with the criticalx2 value
1-a

for 1 deyree of freedom, that is, (no. of rows - 1) (no, of
columns - 1) = (2-1) (2=1) =1,

The)(2 = x 2

1-.002 .998
this value, indicating that the answers to the two questions
are independent, that is, not related.

= 9,4, and the 5.3 does not exceed

A further example of thesz test and the interpretation of
test results is as follows:

Are the answers to the above questions dependent on whether
Uli-1H (MOS 67N) or CH=47C (MOS 67U) mechanics ara being
questioned?

Compare all "yes" data of Q7. Note that we could have chosen
the "no" data instead, but the "yes" data give a larger sample
size., Also note that since the "no's" to Q7 are precisely
dependent on the preparation of "yes's"™ to Q7 for each air-
crait mechanic type, any efttects run in the "yes" populations
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also will exist in the "no's". Perform analysis as shown in
Table 8.

TABLE 8., QUESTION 35 VS HELICOPTER MODEL

Q35 (given Q7 = yes)

Y N
(a) (b) (a+b)
Cli=47C 63 27 90
(c) (d) (c+d)
JH=1d 149 56 205
212 83 295
a+c b+d

X2 = ( 163x56=27x149] =1/2 295)2 295 = 0.11
(212) (83) (90) léOS)

A X2 value of 9.4 vs 0.1l for the question shows that tne
responses of the UH-1H (MOS 67N) and CH=-47C (MOS 67U) are
not related,

Froin these two examples, the conclusion can be reached that
there is a need for shop tools that are not TOE authorized,

and the lack of special tools causes repeat maintenance actions,
In this example, there was no indication of a dependency
between the two personnel categories.

Care must be taken in the use of the statistical method to
account for the size of the data sample. Populations of less
than 100 significantly reduce confidence in the results of

the test. Therefore, tests on specific question relationships
for whicu the population was less than 100 are viewed as having
a low level of statistical confidence.

Multiple-choice questions that solicited more than one answer
ranked according to the respondents' preferences are analyzed
by a weiyhting procedure. This places the yreatest emphasis
on the areas the respondents felt strongest about. The
questions are analyzed using the first three choices. For each

question a ranking is determined by using the following
methodology:

[(w‘l XNyg) + (Wpy XNop) + (Wp,g ’“"31’]/‘“’?1 + Wpy + Wp3) = R
wihere Wpy =4, Wpy = 2, Wp3z =1

N11 = number of respondents selecting answer I
as their first choice
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Npp = number of respondents answering I as
their second choice

N3; = number of respondents answering I as
their third choice

Ry = ranking for Question I.

Thig standard statistical procedure of weighting each choice
with the weighting factor being arbritarly chosen to place the
enphasis on the first choice was used to rank the responses to
the ranking questions. The rankings are normalized by dividing
by 7 (Wp; + Wp2 + Wp3) to permit comparison of the answers.

The following sections describe the findings of the question-
naire survey. (1) Respondents provides information relative
to the population of maintenance personnel who completed the
questionnaire. Data on MOS, years experience, maintenance
level (Org. vs DS), etc., of respondents is contained in this
section (pages 36-39). (2) Environment relates the attitude

of the mechanics and their job evaluation. Answers to
questions that are job reslated and Army maintenance environ-
ment related were recordad in this section (pages 40-42).

(3) Resources evaluates the responses to questions that
related to training, tools, and maintenance manuals and the
influence on repetitive maintenance actions. The responses
showing percentages of school-trained personnel and the problems
in using maintenance manuals, tool requirements, etc., are con-
tained in this section (pages 43-53). (4) Diagnostics evaluates
the results of the question responses to troubleshooting, stand-
ard procedures, and test equipment and how these attributes
affect maintenance effectiveness. Data are presented showing
the responses to questions relating to application of procedures,
lack of procedures, parts replaced because of poor procedure,
etc., in this section (pages 53-60). (5) Applications dis-
cusses the results of the findings relating to how aircraft
design affects maintenance operations. Data on the location

of parts, the application of trial-and-error procedures, the
effect of reported vibration as a maintenance action, et:,,

are contained in this section (pages 61-76). (6) Logistics
evaluates the effect of supply in providing spare parts in
sufficient quantity and quality to prevent repetitive mainte-
nance actions., Data included in this section (pages 76-385)

show the respondents' experience in obtaining defective and
wrong parts through supply, samples of serviceable parts
returned to supply as unserviceable, etc.

Questions are first analyzed independently in order of
importance and not necessarily in numerical order. Question
correlation analysis follows the independent question analysis
in each section.
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RESPONDENTS

The questionnaire survey was conducted at six bases where
large complements of UH=-1H and CH-47C helicopters are opera-
tionally deployed. The number and type of personnel by
Military Occupational Speciality (MOS) codes that participated
in the survey and the bases surveyed are shown in Table 9.

All analysis was conducted using only the populations of MOS
67N(UH~-1H) and MOS 67U(CH=47C) personnel. Other MOS categories
that provide specialty skill maintenance support were surveyed,
but their sample sizes were too small to have statistical
significance., Table 10 shows personnel by MOS and number who
participated,

TABLE 9. PERSONNEL SURVLEYED CLASSIFIED BY BASE

Fort Fort Fort Fort Fort Fort

Hood Lewis Bragy Capbell Carson Riley
MOS 671 (UH=-1H) 67 64 54 55 9 23
1H0S 67U (CH=-47C) 30 20 19 20 30 2
Total 97 84 73 75 39 25

TABLE 10, PERSOINEL SURVEYED CLASSIFIED BY MOS

MOS Skill Quantity
67N Ull=1H Helicopter Repairman 283
67U CH=-47C lielicopter Repairman 124
67W through 672 Technical Inspector/Supervisor 52
68A through 68G Component Repairman 39
35K through 35P Avionics Repairman 29
453 Armament Repairman 6

The personnel were grouped in experience levels related to
time assigned to an MOS. The experience groups chosen were:
0 to 2 years, 3 to 5 years, 6 to 10 years, and over 10 years,
The over=l1l0-year group included only 8 respondents. This
sample was, therefore, disregarded in the analyses. The dis-
tribution of personnel by experience and MOS is shown in
Figure 1. Only the MOS 67N (Uii=1H) and MOS 67U (CH=47C)
personnel are shown. Figure 3 provides the distribution of
personnel from the bases by experience levels.

The assignment of the responding personnel to organizational
or direct support maintenane levels is shown in Figure 2. Of
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the two maintenance levels, 83% of the two !IOS shills were
assigned to organizational maintenance.

To examine the experience of the mechanics, it was inportant
to identify the systems of the aircraft they worked on. Lven
though they indicated that tiiey worked on a particular systen,
they may not have been trained in that skill., Helicopter
mechanics assigned to a helicopter model are expected to be
generalists and, therefore, work on most mechanical systeus.
Some tend to work only on those svstems they feel proficient
in, Others work on all systems. Figurc 4 shows expericnce
by systew., These data show that flight controls, rotor
systoens, power trains, and hydraulics arc the systeaas in which
the greatest experience is concentrated, (These personnel
have expericnce in more than one systai; tierefore, percentage
of personnel in Figure 4 exceeds 100,) The other five systcis
are supported by the individual systewu skilled specialist.

FLIGHT CONTROL

ROTOR SYSTEM

POWER TRAIN

HYDRAULICS

ENGINES

AIRFRAME

AIRCRAFT SYSTEM

ELECTRICAL

ARMAMENT

AVIONICS

O 10 20 30 40 5 60 70 80 90 100
PERCENTAGE OF PERSONNEL

Figure 4. Maintenance Personnel System Experience,
UH-1H and CH-47C

39



ENVIRONMENT

The environment attribute includes the physical conditions
within which the maintenance personnel perfori their work and
the attitudes of the mechanic relative to his job and the
maintenance operation.

The attitude of the respondents indicated that extra duties and
the lack of tools and spare parts bothered them most in their
everyday job. Spare parts was the predominate area of mainte-
nance that the respondents revealed as needing improvement the
most. The lack of parts tends to lead to alternate courses of
action, such as postponing maintenance or carrying the action
on the DA Form -13 as a "carried forward" for several days.
Substitute parts are sometimes used. The aircraft are flown,
awaiting parts, with less than full operational capability.

The mechanic is considered to have a specific skill, either
from schocl or on-the-job training. He objects to being used
to perform other duties not related to his skill, These other
duties are military related. When extra duties are performed,
the mechanic may not be as efficient and effective in perform-
ing maintenance because of fatigue.,

Ql7., What is it about your job that bugs you most? This
question was intended to gain personal attitude response. The
respondents stated that extra duty was what bothered them most,
as shown in Table 11,

TABLE 1l. UH=-1H(67N) AND CH=47C(67U) COMBINED RESPONDENT
REACTION TO JOB BY PERCENTAGE OF RESPONSE

UH=1H(67N) CH=-47C(67U) Caombined

Percentage Percentage Percentage

Attitude Reaction Response Response Response
Extra duties 20 22 21
Lack of tools 21 20 20
Lack of spare parts 20 20 20
Lack of manuals 15 8 13

Not allowed to do

capable work 10 8 10
Supervision 7 12 8
Paperwork 6 7 7
Nothing 1 3 2

Further analysis in Table 12 shows the percentage of respondents’
by type of aircraft and years of experience.
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TABLE 12, UH=-1H(67N) AND CH=47C(67U) RESPONDENT REACTION
TO JOB BY PERCENTAGE RESPONSE AND YEARS EXPERILHNCE

Years Experience
UH=-1H (67N) — CH=47C(67U)
Attitude Reaction 0~2 3=5 6-10 0-2 3=5 6=10

Extra duties 21 20 18 24 18 25
Lack of tools 20 20 24 22 21 15
Lack of sgpare

parts 16 21 21 13 22 27
Lack of wmanuals 14 15 16 8 8 8
Not allowed to do

capable work 10 151; 11 9 7 10
Supervision 8 7 6 14 15 2
Paperwork 9 5 4 4 7 10
Nothing 2 1 2 4 3 2

The respondents to this question, being from different military
bases, may have had different attitudes, and because of this
their respgnses may have been different. To test for depend-
ency the x © test was applied,with the result beina that there
was no dependency between bases indicated. The x ¢ calculated
value, 51.3, was below the critical;x2 value, 78.1, for the
99.8% level of significance, indicating that the respondents’
answers from each base were independent.

Q33. What areas related to Army maintenance could be improved?
This question was directed to the respondent to elicit his
attitude on a less personal basis than Ql7. The results were
ranked by the procedure given in the Questionnaire Analysis
section and are shown in Table 13 for the UH-1H(67N) and
Table 14 for the CH-47C(67U) respondents. Spare parts supply
ranked first for all respondents. Work environment was more
important to the UH=-1H(67N) than the CH=-47C(67U) respondents.
Perhaps this is because the UH-1lH is more mobile and requires
less maintenance support. Therefore, many of the maintenance
actions are performed outdoors without maintenance stands and
other support equipment. Technical supervision and aircraft
complexity were ranked by all respondents as affecting them
the least. This indicates that the mechanics have the
capability to handle complex aircraft and are not disturbed
by their supervision.

41



TABLE 13. UH=lH(67N) IMPROVEMENT IN MAINTENANCE NEEDED RANKED
BY YEARS EXPERIENCE
Years Experience
Rank Choice 0-2 "~ 3-% 6-10 All
1 Parts Supply 17 17 20 17
2 Tech Manuals 14 18 20 17
3 Work Environment 17 17 18 16
4 Training 20 16 11 15
5 Test Equipment 12 11 8 15
6 Special Tools 12 15 15 14
7 Technical Supervision 7 4 7 5
8 Aircraft Too Complicated 0 2 0 1
TABLE 14. CH=-47C(67U) IMPROVEMENT IN MAINTENANCE NEEDED
RANKED BY YEARS EXPERIENCE
Years Experience
Rank choice 0-2 —FS'_‘EG'T All
1 Parts Supply 20 24 25 22
2 Special Tools 18 19 17 18
3 Training 14 15 18 15
4 Test Equipment 14 11 16 13
5 Work Environment 12 14 13 13
6 Tech Manuals 7 1l 9 9
7 Technical Supervision 12 5 3 7
8 Aircraft Too Complicated 2 1 0 1

The respondents of Q33, being from different military bases,
may have had different attitudes, resulting in responses that
reflected those attitudes. Possibly the base location did
not matter and the respondents appraised the maintenance
problems all the same., To test if there was a tendency for
the respondents to be independent or dependent in their

answers, a X

test was applied, comparing the military base

response with the possible answers to the question. The

results were that the X2 test value calculated, 62.8, was

less than the critical x 2 value, 78.1, for the 99.8% level of
significance, indicating the respondents' answers were independ-
ent of the base in which they were located. From this

indicated independence, it appears that the questionnaire as

it relates to this question was not biased by base location.

By observation, the respondents' reactions to Q17 and Q33 lack
similarity, except for spare parts being high on the lists in
both question analyses. Those respondents that checked Q17
for lack of spare parts, gave spare parts first ranking in

Q33.
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RESOURCES

The resources attribute of a maintenance organization consist
of trained and skilled mechanics, technical maintenance manuals,
tools and special tools. The analysis of the questionnaire
shows that shop tools both authorized and not authorized in

the TOE are needed to support maintenance operations. Indica-
tions are that special tools beyond those presently used should
be added to assist maintenance. Troubleshooting tables in the
maintenance manuals were found to be adequate; however, im=-
provement in updating is desirable. Maintenance manuals are
needed in larger quantities to make thew available to all
personnel, Additional training in the use of diagnostics was
indicated, A large percentage of the MOS assigned maintenance
personnel are school trained. The following analysis of
question responses from the questionnaire shows the need for
improvements in tool support, technical maintenance manuals

and training.

Q4. Were you school trained in the MOS in which you are
assigned? The larger percentage of respondents were school
trained as shown in Table 15. Iiore Cil=47C(67U) mechanics
were trained in their assigned MOS than the ULi=1H(67N)
imechanics,

TABLE 15, DISTRIBUTION OF RESPONDENTS SCiiOQL TRAINED IN
ASSIGNED MOS BY PERCENTAGE OF RESPONSE AND YEARS EXPLRIENCE

Years Experience

UH=1H(67N) CH=-47C(67U)
School Trained 0-2 3-5 6=-10 0-2 3=5 6-10
Yes 57.74 69.69 71.62 85.71 69.38 90.47
No 42,26 30.31  28.38 14.29 30.62 9.53

From this analysis it appears that a large percentage of
maintenance personnel are trained in their assigned skills.
This indicates that lack of training is not a cause of mainte-
nance inefficiency, if the training is adequate.

Q38. Did school training cover the use of diagnostic equip-
ment for troubleshooting? The responses as shown in Table 16
indicate that only approximately 50% were school trained in
the use of diagnostic equipment. In personal interviews with
wechanics and from notations made by respondents, the training
on the use of diagnostic equipment was considered to have

been inadequate,
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TABLE 16, DISTRIBUTION OF RESPONDENTS SCHOOL TRAINLD IN
DIAGNOSTIC EQUIPMENT BY PERCENTAGE OF RESPONSE AND YLARS

EXPERILNCE
Years Experience
Ul=1H(67N) CH=47C(67V)
School Trained 0=-2 3=5 6-10 0=-2 3=5 6-10
Yes 38.02 51,51 54.05 46.93 36.73 52,38
No 61.9% 48.49 45.95 53.07 63.27 47.62

The training in how to use diagonistic equipment is important,
and periodic updating of this training would benefit the
maintenance operation. As new diagnostics are used in the
field, training on such equipment should be scheduled. 1In
updating maintenance manuals, the latest in diagnostics should
be included.

Ql2. Are recoverable parts frequently sent out for repair
because trained personnel are not available? The UH=1H(67N)
and CH=47C(67U) respondents strongly indicated that parts are
frequently sent ouc for repair because trained personnel are
not available. It is possible that the type of trained
personnel needed to repair a part is not usually assigned to
that unit level. Repairs that require skills beyond those
usually assigned must be performed elsewhere. However, there
can be conditions where authorized skill level personnal are
not assigned and therefore are not available to perform mainte-
nance actions that require that skill. Maintenance actions
that can be successfully performed at the unit level should

be supported by skilled personnel, tools and technical manuals.

Q5. Do you think the troubleshooting tables in the mainte-
nance manuals are adequate for your work? The UH=-1H(67N) and
Cli=47C(67U) respondents indicated, as shown in Table 17, that
maintenance manuals are adequate.

TABLE 17. DISTRIBUTION OF RESPONDENTS RELATING TO TROUBLE-
SHOOTING TABLES BY PERCENTAGE OF RESPONSE AND YEARS

EXPERIENCE
Years Experience
UH=1H (67N) CH=47C(67U)
Adequate Tables 0-2 3~5 6=10 0=-2 3=5 6=10
Yes 69.01 63.63 62.18 81.63 59.18 66.66
No 30.99 36.37 37.82 18.37 40.82 33.34

The more e.perienced respondents were not as strong in their
convictions perhaps because they are less dependent on
troubleshooting tables, except when they face a problem they
have not experienced. At that time, tables are found to be
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of little value because they do not go beyond the mechanic's
own experience, As new problems are identified, new trouble-
shooting procedures are developed., When technical manuals
are revised, the troubleshooting tables should be updated
with latest procedures.

Q39. What problems do you have in using maintenance manuals?
Table 18 and Table 19 show the UH-1H(67N) and CH-47C(67U) re-
spondents' results as ranked by the ranking procedure defined
in the Questionnaire Analysis section. The UH=-1H(67N)
respondents felt that their greatest problem was that there
are not enough manuals. This indicates that the user, the
crew chief or mechanic, does not have ready access to mainte-
nance manuals. Many aviation units maintain a reference file
of technical manuals under the cognizance of the technical
ingpector. Sometimes this can restrict and discourage the

use of manuals by the mechanics who need them., The CH=-47C(67U)
respondents felt that their problem was primarily that manuals
are not up to date., By the time periodic revisions to manuals
are distributed to the field, they are sometimes already
obsolete. The rankings show that poor troubleshooting tables
are not considered to be a major problem. This agrees with
the analysis of Q5, where troubleshooting tables were assessed
as beinyg adequate.

TABLE 18, UH=-1H(67N) RANKING DISTRIBUTION OF PROBLEMS USING
MAINTENANCE MANUALS VERSUS YEARS EXPERIENCE

Years Experience
Rank Choice 0-2 3-5 E-IU All

1 Not Enough Manuals 24 26 25 23
2 Pages Fall Out 21 22 24 23
3 Not up to Date 20 20 26 22
4 Instruction Not Clear 19 16 10 15
5 Poor Troubleshooting

Tables 9 9 7 9
6 Changes Are Not Correct 6 6 8 8

TABLE 19. CH=47C(67U) RANKING DISTRIBUTION OF PROBLEM USING
MAINTENANCE MANUALS VERSUS YEARS EXPERIENCE

Years Experience
Rank Choice 0= 2:‘3_233:0—-. all

1 Not up to Date 23 25 21 23
2 Not Enough Manuals 18 25 16 21
3 Pages Fall Out 28 15 12 20
4 Instruction Not Clear 16 15 15 16
5 Poor Troubleshooting Tables 8 12 23 12
6 Changes Are Not Correct 8 8 14 9
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Q44. What additional test equipment would be of value to
you? The UH=-1H(67N) respondent indicated the need for
additional test equipment as shown in Table 20.

TABLE 20. DISTRIBUTION OF UH=-1H(67N) RESPONDENTS, TEST
EQUIPMENT NEEDED BY PERCENTAGE OF RESPONSE AND YEARS

EXPERIENCE
Years Experience
Test Equipment 0-2 3-E 6-10
Vibration meter 30 25 23
Hydraulic mule 21 22 23
Fuel probe tester l6 19 19
Thermocouple probe tester 11 12 13
Frequency meter 11 11 10
Temperature gage tester 10 11l 12

The vibration meter is necessary to isolate components causing
vibration probleis, thus reducing repetitive maintenance actions.
The other test equipment will provide the capability to test
components prior to their being classed as defective and, in
turn, will improve maintenance effectiveness.

Q7. Are there shop tools you need that are not TOE authorized?
The respondents strongly indicated, as shown in Table 21, that
there are tools needed that are not TOL authorized,

TABLE 21. DISTRIBUTION OF RESPONDENTS RELATING TO TOE
AUTHORIZED TOOLS BY PERCENTAGE OF RESPONSE AND YEARS EXPERIENCE

Years Experience

UH=1H (67N) CH=-47C (67U)
Need Tools 0=2 3-5 6=-10 0=2 3=5 6=10
Yes 67.60 73.48 - 79,72 71.42 83.67 71.42
No 32,40 26.52 20.28 28.58 16.33 28.58

Tools that are not authorized, such as a vibration meter, can
inprove maintenance effectiveness. The need for a vibration
meter has been expressed in the analysis of Q20. Additional
tools needed are listed in the analysis of Q44. Mechanics,
many times, make tools or modify standard tools to aid in
performing a specific maintenance task. When a tool is
developed this way, it should be evaluated; and, if found to be
of value, it should be authorized and defined in the mainte-
nance manual with instruction on how to manufacture it locally.

Q6. Do you have all shop tools listed in your TOE? A high

percentage of respondents, as shown in Table 22, indicated
that they do not have all authorized listed shop tools. When
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a tool is needed and not available, either the maintenance
action is delayed or alternate actions take place. The use of
the wrong tool can damage parts and sometimes endanger the
safety of personnel.

TABLE 22. DISTRIBUTION OF RESPONDENTS RELATING TO NEED FOR
SHOP TOOLS BY PERCENTAGE OF RESPONSE AND YEARS EXPERIENCE

Years Experience

UH=1H(67N) Cli=47C(67U)
Have All Tools 0=2 3=5 6-10 0-2 3=-5 6-10
Yes 21.12 25,75 28.37 20,40 8.16 14.28
lio 78.88 74.25 71.63 79.60 91.84 85,72

Shop tools include both standard and special tools. Standard
tools are sowetimes difficult to control and become lost.
Special touols which are used on an irregular basis are con-
trolled. When tools are lost or broken, they are not readily
replaced, Therefore, the supply of tools should have high
priority.

W35. Is the lack of special tools an iunportant cause of
repeated maintenance actions? Respondents have indicated
that the lack of special tools is an important cause of
repeated maintenance actions, as sihown in Table 23.

TABLE 23. DISTRIBUTION OF RESPONDENTS RELATING TO SPECIAL TOOL
REQUIREMENTS BY PERCENTAGE OF RESPONSE AND YEARS EXPERIENCE

Years bLxperience

Special Tools Uli=1H (67N) CH=47C(67U)
Required 0=-2 3-5 6-10 0=2 3=5 6-10
Yes 59.15 66.66 72.97 55.10 81,63 61,90
No 40.85 33.34 27.03 44.90 18.37 38.10

Many maintenance tasks can not be perforuwed efficiently
without the use of special tools. Lack of access to a part
inay require a tool to aid in the part rawoval or adjustiient.
A conplete supply of authorized special tools should be
maintained to insure that the mechanic will be fully equipped.
Time lost in finding alternate sources for tools or by the
improper use of tools reduces maintenance efficiency.

Q20. Do you have a vibration meter available for your use?

Respondents indicated, as shown in Table 24, that they do not
nave a vibration meter. The need for a meter is expressed in
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the analysis of Q44. A recently completed ULGAAMRDL report2
relating to inspection aids recommended the use of vibration
meters in solving rotor and other vibration-related probleais.

TABLE 24. DISTRIBUTION OF RESPONDENTS RELATING TO VIBRATION
METER AVAILABILITY BY PERCENTAGE OF RESPONSE AND YEARS EXPERIENCE

Years Experience

Have Vibration UH=-1I1 (6 7N) Ci=47C(670)
lleter 0=2 3=5 6-10 0-2 3=5 6-10
Yes 28.16 29.54 22.97 38.77 46.93 52.38
No '71.84 70,46 77.03 61.23 53,07 47.62

From personal interviews it was found that personnel who
thought they had a vibration meter available adinitted they

did not know how to use one. Vibration meters should be pro-
vided as a special tool or test equipment, and mechanics should
be trained to use them.

Ql3. Is test eguipment used to check out removed parts to
determine if they are serviceable before turning them in to
supply? The UH=-1lH(67N) and Cil-47C(67U) respondents agreed

that test equipment is not used to check out parts for service-
ability. Test equipment, along with the training and mainte-
nance manual as to its application, can increase the efficiency
of a waintenance operation by keeping parts from being replaced
arbitrarily. School training on aircraft systewms should include
the application of test equipment and special tools.

Q33. What areas related to Army maintenance could be improved?
The responses to this question were ranked by the procedure
defined in the Questionnaire Analysis section; Tables 13 and 14,
shown in the Environment section, indicated that parts supply
was the first choice as to what can be improved in Army mainte-
nance, The Ul-1lH(67N) respondents felt that technical manuals
ranked second, training forth, and special tools sixth out of
eight selections. This ranking shows that technical manuals
and training are important to maintenance effectiveness.

Perhaps the UH-1ll(67l) respondents are affected more by lack

of manuals than the CH=47C(67U) respondents, who felt special
tools were second in importance. The CH=47C, a more complex
aircraft, is expected to require more special tools than the
Ul=-1lH, Therefore, the need for this kind of support is more
apparent. Training on both aircraft types is of high importance.
Even with the large percentage of respondents school trained
(Q4 analysis), they felt that more training is needed.

2"Investigation of Inspection Aids", USAAMRDL-TR-74-44, Eustis
Directorate, USAAMRDL, Fort Eustis, Virginia, July 1974,
pp 134-138 and 157-165,
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The responses to certain questions relating to the Resources
attribute were considered to have possible significant cor-
relation. "To determine if the answers to these questions
were independent or depended on one another, the)(2 test was
applied with the results shown in Table 25. Those questions
showirg dependence on one another are further analyzed.
Also, questions that were expected to show correlation but
could not be x 2 tested are analyzed.

TAUBLE 25, RESOURCES QUESTIONS TESTED FOR DEPENUELNCY

Question X 2 test (%) 2
Coubination (Calculated) x< (99.3%) ggggndgycg

4/5 0.1 9.4 No
4/12 1.0 9.4 llo
4/13 2.1 9.4 No
4/20 ol 9.4 lio
4/33 Q33 rankeu for wvoti answers to Q4
4/38 8.6 9.4 ilo

38/13 4.9 9.4 lio

38/20 0.7 9.4 lio
38/33 Q33 rankea for yes answer to Q38

12/13 6.5 9.4 o
5/33 Q33 ranked for yes answer to Q5
5/39 Q39 ranked for no answers to Q5

13/44 5.2 18.8 lio
6/7 26.7 9.4 Yes
7/33 Q33 rank:..d for yecs answer to Q7
7/35 5)ad 9.4 o
6/33 Q33 ranked for no answers to Q6
6/35 0.1 9.4 lio
6/37 0.1 9.4 No
6/20 0.5 9.4 No

Q4/Q33. The analysis of Q33 showed the areas of Army mainte-
nance that could be improved. The difference in ranking tie
responses to Q33 by those that answered Q4 as Yes (they were
trained) and as No (they were not trained) is shown in Table
26.

TABLLE 26, WHERE TO IMPROVE MAINTENANCE RELATIVE TO TRAINING

Rank Trained llot Trained
1 Parts supply Training
2 Technical manuals Parts supply
3 Special tools Work environment
4 Work environment Special tools
5 Training Technical manuals
6 Test equipment Test equipment
7 Technical supervision Technical supervision
8 Aircraft complexity Aircraft complexity
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The most revealing result of this analysis is that the un-
trained placed training first as to where improvement is needed,
showing correlation between answers to Q4 and Q33. Technical
manuals are less important to the untrained than to the trained
respondents perhaps because the untrained use the manual less
and therefore do not know that it needs to be improved. The
last ranking, aircraft complexity, shows that complexity does
not appear to be a problem with the respondents.

Q38/Q33. The analysis of Q33 showed the areas cf Army mainte-
nance that could be improved. The analysis of Q38 related to
school training in diagnostic equipnent. The relationship
between these two questions is that the respondents to Q38 wno
were school trained ranked test equiplhent, training, and special
tools high. Table 17 shows the result of testing Q33, given
that Q38 was answered Yeas.

TALLE 27, WHERE 70 IMPROVE MAIWTENANCE RELATIVE TO
DIAGNOSTICS TRAINING

Rank Area of Improvewent

Parts supply

Work environment
Technical manuals
Special tools
Training

Test equipment
Tecnnical supervision
Aircraft complexity

C~NNoOVT W -~

Technical manuals, tools, training and test equipment were

not the top choices of the respondents, showing that their
concern for resources was not as great as it was for logistics
and environment,

Q5/Q33. The analysis of Q5 showed that respondents felt
troubleshooting tables were adequate. The analysis of Q33
showed the areas of Army maintenance that can be improved, one
of whicn is technical manuals. By ranking the answers to

Q33 of the respondents who answered Q5 as yes, a correlation of
answers may be found between the two questions., Table 23 shows
the results of the ranking of Q33, given that Q5 was answered
Yes.
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TALLE 28. WHLRE TO IMPROVE MAINTENANCE RELATIVE T0
TROUBLESHOOTING TABLES

rank Area of Improvement

Special tools

Parts supply

Training

Work environuent
Technical manuals
Test equipnent
Technical supervision
Aircraft complexity

o & Wi

This shows that those who felt that troubleshooting tables were
adequate also felt that technical manuals was not the most in-
portant area to be improved in Army maintenance.

QE/Q39. The results of the analysis of Q5 indicated that
troubleshooting tables in the maintenance manuals are adequate.
The analysis of Q39 showed tie provlews related to maintenance
manuals. If the respondents to Q5 felt that troubleshooting
tables were not adequate, would these same respondents rank
poor troubleshooting tables as a priwnary problem? Table 29
shows Q39 ranked for the negative respondents to Q5.

TALBLE 29. WHERE T0 IMPRUVE MAINTEJALCLE MANUALS RELATIVE
170 TROULLLSHOUTIUNG TABLES

rRank [laintenance Manual Problaa

Not enouygh manuals

ot up to date

Pages fall out

Instruction not clear

Poor troubleshootinyg tawles
Chhanges are not correct

S WK -

There is little sign of correlation hetween the answers to Q5
and Q39, asaparently the respondents to @5 who said that trouble-
shooting tables were inadequate, felt tnat the other provblcas
listed in Q39 were more significant.

Q6/Q7. are the answers to Q7 from the Ul=-1H(67N) and Cii=47C
(67U) respondents dependent on the answers to Q6? The results
of the X2 test indicated a strong dependency between tne
answers to the two questions. Tiie questions are similar in
that they relate to tools. It appears that tile respondents

do not have all the shop tools they are TOE authorized and
need shop tools that are not TOL autnorized. There is strony
evidence that tools are needed and wmaintenance effectiveness
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way be affected by it. Inventories of tools should be examined
and missing tools replaced, New tools should be supplied where
necessary.

Q7/Q33. The analysis of Q7 revealed that the respondents felt
shop tools that are not TOE authorized are needed. The
analysis of Q33 shows what areas of Army maintenance need im-
provement., By ranking the responses to Q33 of those respondents
wiio answered Q7a Yes, it may be deteriined if the same
respondents who felt that shop tools are needed also felt that
special tools and test equipment are the most important mainte-
nance inprovenent areas. Table 30 shows the results of this
analysis to wne that special tools ranked as the second most
ilportant area needing improvement. Respondents who felt tnat
shop tools that are not TOE authorized are needed also felt
that special tools support needs to be improved.

TABLE 30, WIERE TO IMPROVE MAINTENANCE RELATIVE TO SHOP
TOOLS

Rank Area of Improvement

Parts supply

Special tools
Training

Work environment
Technical manuals
Test equipment
Technical supervision
Aircraft complexity

W-~JON UL &> W

Q6/Q33. The analysis of Q6 showed that all shop tools listed
in the TOE are not available. The analysis of Q33 ranked

areas of improvement in Army maintenance. By analyzing the
responses to Q33 of those respondents who answered Q6 as
negative, a correlation may be revealed, in that their answers
may rank special tools or test equipment as a most important
area of maintenance support needing improvement. Table 31
shows the results of the ranking of Q33, given that the

answers to Q6 were No. Special tools again, as in the analysis
of Q6/Q33, ranked the second highest area needing improvement.
The lack of necessary tools delays maintenance actions, causing
the mechanics to use less desirable alternative procedures in
performing maintenance actions.
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WABLE 31, WILRE TO IMPROVE MAILWTEJANCE RELATIVLE 10
AVAILASILITY OF aUTHORIZLD SiiOoP TUOULs

Rank Area of Iuprovement

Parts supply

Special tools
Training

Technical manuals
Work environment
Test equipment
Tecilnical supervision
Aircraft complexity

OOV W -

DIAGHOSTICS

Tiile use of test equipient, troubleshooting and stanuard pro-
ceuures constitutes the diagynostics application in the support
of a helicopter in the Ariy operational enviromwent. To do a
proper jown, test equipwent wust be adeyuate anu available.

The iechanic must know how to use the equipwent and e rust
use it. Stanuard troubleshootiny procedures can be effective
if they are inclusive, well defined and utilized by tne ne-
chanic, Standard maintenance procedures provide direction and
control of maintenance operations.

The nurber of times trial-and-error is used for troubleshooting
is excessive., To reduce the dependency on this procedure,
trouvleshooting tables in the maintenance manuals should be iu-
proved, test equipiment such as the vivration meter should be
provided, and standard procedures should be revised to dis-
couragye the use of trial-and-error., Test flights before
periodic inspections may reduce repetitive maintenance actions
by finaing problens that can be corrected during the inspection
period,

Procedures for determining excessive leakage in gearboxes,
punps, and servos need to be developed. Those procedures can
ve used cffectively in the field to take the guesswork out of
parts replacenent. Test equipment to assist quality cliecks of
components repaired in the field would reduce maintenance
actions.

Ql4. When you perform corrective maintenance, how often does
the first fix fail to work? The UH-1H(67N) anud Cii=47C(67U)
respondents indicated that the first fix failed to work less
than 10% of the time. The CH=-47C respondents with more exper-
ience, 6~10 years, indicated by a response of 38% that a first
fix failed to work less than 50% of the time. Less than 10%
of all respondents indicated that a first fix failed to work
over 50% of the time. This shows that the mechanic, in his
opinion, usually performs the maintenance action correctly the
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first time. The analysis of this questi '‘n did not reveal any
significant factor that could be directly related to diagnostics.
The causes for first fixes failing to work may include the lack
or improper use of diagnostic equipment, troubleshooting tables
or procedures,

Q36. What percentage of the time is trial-and-error used to
correct a waintenance problem? The respondents, as shown in
Table 32, varied in their responses. The more experienced re-
spondents on the more complex aircraft show trial-and-error
being used extensively as a maintenance procedure,.

The unrestricted use of tiis procedure results in repetitive
waintenance actions, excessive use of spare parts as indicated
by the responses to Ql8 in the Applications section of this
report, and poor utilization of manpower. Standard procedures
and systemized troubleshooting procedures with the use of test
equipnent can provide more effective maintenance.

TABLE 32. USE OF TRIAL=AND=ERROR MAINTENANCE PROCLDURES
BY PLERCENTAGE OF RESPONSE AND YEARS EXPERIENCE

Percentagye of Time Years Experience

Trial-and=Error UH=1H (67N) Cii=47C(67U)

Is Used 0-2 3=5 6=10 0-2 3=5 6=-10
0%=30% 56 55 59 52 37 35
31%=50% 33 36 34 35 43 60
51%-100% 11 9 7 12 20 5

Qd., Trial-and-error is used to troublesiloot a maintenance
problem because: it is an easy way to correct the problenm,
it is fast, the mechanic lacks experience, or the technical
imanual covers only obvious causes of a particular problem,
Wnich option is most representative of the maintenance pro-
cedure in your unit? The UH-1lH(67N) and CH=47C(67U) respond=-
ents indicated that the reason trial-and-error is used to
troubleshoot is that it is an easy way to correct the probleu,
Tue second clioice of all respondents was that the technical
manual covers only obvious causes. This shows that the ne-
chanic's action lacks direction. le may be inexperienced,
inadequately trained or unsupervised. Tile arbitrary use of
trial-and=-error procedure for troubleshootiny a problein by
the nechanic without the use of the diaynostics available to
nim is inefficient and is represented by the repetitive
maintenance actions it generates.

wl5. WUhere do you go to get troubleshooting assistance for
maintenance problemns? Of the six choices listed, the UH-1H(67N)
and CH=-47C(67U) respondents indicated that they go to technical
manuals first and rely on their own judgenient secondly.

54



Results of the ranking are shown in Table 33 for the UH=-1H(67N)
respondents and in Table 34 for the CH=-47C(67U) respondents.
The conclusion is that the mechanic uses the technical manual
or relies on his own judgement before going to someone else for
assistance. With complete, concise troubleshooting pro-
cedures in the technical manuals, the mechanic will use them

to troubleshoot a maintenance probleail,

TABLE 33, UH=1H RANKING OF WHERE TO GET TROUBLESHOOTING
ASSISTANCE BY YEARS EXPERILNCE

Years Experience

Kank Cihioice 0=2 3= 6=10 All
1l Use technical manuals 39 42 42 42
2 Rely on knowledge and
experience le 18 23 19
3 Go to fellow mechanic 21 14 7 14
4 Go to tech. inspector 14 11 14 12
5 Go to maint, supervisor 8 11 12 10
6 Go to maint, officer 1l 4 1l 3

TABLLE 34, Cli=47C RANKING OF WHERE TO GLT TROUBLESHOUTING
ASSISTANCE DY YEARS EXPLRIUWCE

Years Experience

rank Choice 0=2 _ 3=5 =10 All
1l Use teclinical manuals 32 34 47 36
2 Rely on knowledge and
experience 21 29 27 25
3 Go to fellow mechanic 22 18 16 20
4 Go to maint. supervisor 14 8 ' 5 9
5 Go to tech. inspector 10 10 5 9
6 Go to maint, officer 1l 2 0 1

Qll. Excessive leakage from gearboxes, pumps, and servos is
deternined by: observing sight gage, collecting fluid in con-
tainer, counting drops (static), counting drops while operating,
wiping part and watching for seepaye that cannot be measured, and/
or guessing that the leakaye is excessive. Table 35 and Table 36
show the distribution of the responses from the Ull-1H(67N) and
Cli=47C(67U) , respectively. The respondents for the Ul=1Ii(67i)
and CH-47C(67U) indicated that observing the siyht yaye was

the way to determine excessive gearbox leakagye. For pumps, the
procedure by all respondents except the more experienced Cli-
47C(67U) , 6-10 year respondents was to wipe the part and check
for seepaye. The Cii=47C(67U), 6-10 year experience respondents
selecteud the procedure of counting drops wnile the part is
operating. For servos, the Uli=1lH(67N) respondents chose wiping
the part and watching for seepage as the procedure to use;

tiie more experienced felt that counting drops while the part
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is operating was the better procedure. The Ci=47C(67U) re=-
spondents varied in their choice of procedures relative to
servos, The lesser experienced selected wiping the part and
looking for seepage. Those with 3-5 years experience indicated
that counting drops in the static mode was the best procedure,
while thiose with 6-10 years experience considered counting drops
with the part operating as the procedure to follow. Variation in
response to this question was expected because clear definition
as to what constitutes leakaye and how to measure it is lacking
in the maintenance manuals., Mechanics arc allowed to identify
leakagye in their own way and to replace parts accordingly without
any accurate method of determining if leakage is excessive. Better
troubleshooting procedures shoulu be provided to include methods
for weasuring leakage of dynamic components such as gearboxes,
punps, and servos, Test equipment may be necessary to test parts
for leakagye on or off the aircraft. Standard procedure should be
sucil that parts rewoveu for leakage or suspected of excessive
leakage inust be inspected and tested prior to replaceuent.

TaBLE 35, Ul=1lH DISTRISUTION OF DETERMIWATION OF EXCLSSIVE
LEAKAGE BY PERCENTAGE OF RESPONSE AND YEARS EXPERIEMCE

Years bLxperience

0-2 3=-5 6-10
Deteruine leakage by:
Gearboxes
observing yaye 39 39 34
collecting fluid 4 4 5
counting drops (static) 11 9 11
counting drops (dynamic) 12 10 13
wipe and watch for seepage 25 30 26
cannot be measured 3 1 2
guessin: leakage is excessive 6 7 10
Pups
observing gage 5 6 1
collecting fluid 8 3 8
counting drops (static) 18 19 20
counting drops (dynamic) 24 24 26
wipe and watch for seepaye 28 32 32
cannot be mmeasured 8 5 4
guessing leakage is excessive 9 6 9
Servos
observing gaye 3 4 1
collecting £fluid 6 3 5
counting drops (static) 19 24 21
counting drops (dynamic) 21 29 32
wipe and watch for seepage 34 32 26
cannot be measured 7 3 4
guessing leakage is excessive 10 5 10
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TABLE 36. CH=47C DISTRILUTION OF DETERIINATION OF LXCESSIVE
LEAKAGE BY PERCENTAGE OF RESPONSE AND YEARS EXPLRILNCE

Years Experience

0=2_____ 3-5 6=10
Deternine leakage by:

Gearboxes
observing sight gage 36 27 45
collecting fluid 3 7 0
counting drops (static) 16 13 10
counting drops (dynamic) 7 13 21
wipe and watch for seepage 25 23 14
cannot be measured 4 5 0
guessing leakage is excessive 10 7 10

Punps
observing gage 4 0 3
collecting fluid 8 5 6
counting drops (static) 17 24 19
counting drops (dynanic) 23 28 39
wipe and watch for seepage 32 32 22
cannot be mneasured 8 3 6
guessing leakage is excessive 7 1 6

Servos
observing gage 7 4 0
collecting fluid 10 9 5
counting drops (static) 18 29 23
counting drops (dynamic) 18 27 41
wipe and watch for seepayge 34 24 23
cannot be measured 4 1 0
guessing leakage is excessive 8 6 8

Q26. Who usually decides that a major component is defective
and requires replacenent? The UH=lH({67l) and Cli=47C(67U) re-
spondents unanimously agreed that the technical inspector
decides if a major component requires replacement. The tech-
nical inspector is usually the best trained, experienced, and
technically capable man in the unit. He is familiar with
aircraft system function and procedures. Major components
are usually costly and require extensive iman-hours to replace.
Test equipment and inspection procedures that assist the
technical inspector in making his decisions benefit the
maintenance operation and improve efficiency.

Q9. Which of the following gripes are hardest for you to
diagnose on the first try? Table 37 and Table 38 give the rank
by percentage response and years experience of the problems
nardest to diagnose and reveal that the less experienced Ul=-1lH
(67N) personnel indicated that electrical problems are hardest
to diagnose on the first try. Perhaps electrical test equip-
ment is needed to assist them in troubleshooting. The respond-
ents who felt that vibration was the most difficult problem to
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diagnosec way need the vibration meter as discussed in the
Resovurces section, Q20 analysis. Adequate test equipment and
troubleshooting procedures can aid in the diagnosis of mainte-
nance problems and can reduce the use of trial-and-error to
find the answer,

TabLl 37, Ui=1lH PrOSLEILS HARDLST TO DIAGHOSE BY YEARS

EXPuRILNCE
Rank Years Experience
(by % Response) 0=2 3=5 6=10
1 Electrical Electrical Vivration
2 Vibration Vibration Electrical
3 Avionics Avionics Avionics
4 llydraulic Rotor systei Fuel system
5 Engine Iingine Rotor systea
6 Flight control Flight control Flight control
7 Rotor system Fuel system Hydraulics
8 Fuel systen llydraulics Cngine
TasLt, 38. CH=47C PROBLEMS HARDLST 7TO DIAGLIOsSL BY YLEARS
LEXPERIENCE
RrRank Years bxperieuce
(by % Response) 0-2 3=5 6-10
i Vibrations Vibrations Vibrations
2 BElectrical Llectrical Electrical
3 Avionics Avionics Avionics
4 Engine kngine Engine
5 Fliynt controls liydraulics Flt.controls/
llyd,/Fuel sys.
0 tlydraulics Fuel systen
7 Fuel sys/Rotor Flight controls
systen
d Rotor systenm

250, Repeat maintenance actions on the P=SAS are caused by:
difficult aujustment, hiyh single comnonent failure rate,
availability of parts, lack of test equipment or lack of train-
ing, ‘'/aich is the most important?

Tue CiL.-47C(e7U) mechanics, to which this question was directed,
respcnded by indicating that the lack of training was tne
primary cause of repetitive maintenance actions on tiie pilot's
stability augmentation system (P-SAS), except for the 6-10 year
experienced respondents, who felt that the lack of test equip-
ment was most important. The two most important reasons for
repetitive maintenance actions on P-SAS are the lack of training
and test equipment. Proper test equipment provided to mainte-
nance personnel and the proper training in its use could reduce
the repetitive maintenance actions on the P-SAS system.

58



Q4l. Several attempts are necessary to properly adjust cyclic
stick rigging because of: the lack of proper tools, too many
adjustment points, or the location of adjustment points.

Table 52 in the Applications section, Q41 analysis, shows the
location of adjustment points as the cause of repeated mainte-
nance actions relative to properly adjusting the cyclic stick
rigging., The use of special equipment (rigging pins to hold
the controls in a fixed position) can reduce the number of
actions necessary to rig a control system,

Q49. What is the cause when repairs on flight boost accumula-
tors are not successful? The reason given by the Cli=47C(67U)
respondents was that the part is not bench or submerge tested
after seals are replaced in the field. A simple procedure

for submerge testing a part of this type could prevent it

from being installed on an aircraft when it is still defective.
Quality inspection after parts are disassembled and reassembled
in “he field is important. If parts can be repaired in the
field, they can also be inspected there. 1In sone cases new
test equipment may be required.

Q37. Do you think that a maintenance test flight before each
Periodic Inspection would reduce the number of repeated
maintenance actions required after Periodic Inspection? The
response to this question was positive as shown in Table 39.

TABLE 39. DISTRIBUTION OF PREFERENCE FOR TEST FLIGIT BEFORE
PERIODIC INSPECTION BY PERCENTAGE OF RESPONSE AND
YEARS EXPERIENCE

Years Experience
UH=-1H(67N) Cli=47C (67U)
Test Flight 0-2 3=-5 6-10 0-2 3-5 6=10

Yes 61.97 60.60 68.91 65.30 65.30 47.61
No 38.03 39.40 31.09 34,70 34.70 52.39

Only the most experienced CH=-47C(67U) respondents indicated a
difference in opinion. Perhaps they felt that they know their
aircraft and that a test flight would not serve any purpose.

Generally, a test flight performed by a qualified maintenance
test pilot can provide the opportunity to test aircraft

systems which may not be used regularly. This may serve as

an opportunity to use a vibration meter to check for or isolate
a reported vibration proble.. so that it can be corrected during
periodic inspection. A pre-periodic inspection test flight as
a standard procedure can define maintenance actions and improve
maintenance efficiency.

Q32. 1In general, how accurate is the flight crew =13 write~
up? The UH~-1H(67N) and Cl~47C(67U) respondents indicated from
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thie choices of poor, fair, or good that the DA Form -13

write-up by the flight crew is generally fair, as shown in

Table 40. Since most respondents were reporting on themselves,
the results of the response were not unexpected. Even so, the
larger percentage of the respondents indicate that the write-ups
are less than good, showing the need for improveiient. Changes
in procedures and possibly the use of a standard dictionary of
terns for the mechanics to identify a problem could improve

the DA Form =13 write-up and reduce confusion in trying to
identify maintenance p.oblers.

TALLE 40, DISYRIBUTION OF QUALITY OF FLIGHT CREW WRITLE-UP ON
DA FORM -13 BY PERCENTAGE OF RESPONSE AND YEARS EXPLRIENCE

Years Experience

UH-1H (67N) ~CH=47C (67U)
Accuracy 0-2 3=5 6-10 0-2 3=5 6-10
Poor 13 11 23 6 20 4
Fair 51 50 49 60 46 48
Good 36 39 28 34 34 43

The responses to certain questions relating to the diagnostics
attribute were considered to have possible significant correla-
tions. To determine if the answers to these questions were
independent of or dependent on one another, the x2 test was
applied, with the results shown in Table 41. Those questions
showing dependence on one another are further analyzed.

TABLE 4l. DIAGNOSTICS QUESTIONS TEST FOR DEPENDENCE

Question X2 test (%)

Cambination (Calculated) X2 (99.88%) Dependeiice
14/8 4.2 16.9 No
14/36 13.7 16.9 o
36/8 24.2 l6.9 Yes
32/36 2,0 10.9 No
15/26 Respondent Data Compared for Correlation
37/8 3.53 14.8 lo
37/36 527 12,5 No

Q36/Q8., Are the answers to Q8 from the respondents who
answered Q36 dependent on the answers to Q35? The results of
the x4 test indicate a dependence between the answers to tne
two questions. These questions have multiple choice answers.
The analysis of Q36 was that the trial-and-error procedure is
used extensively. For Q8 the respondents indicate that the
primary reason for using trial-and-error is that it is an easy
way to correct the problem, The comparison shows that those
who think the trial-and-error troubleshooting procedure is used
extensively also think that it is used because it is easy.
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APPLICATIONS

Applications means the design of the helicopter and its
supporting equipment in the Army environment that signifi-
cantly affect the methods and procedures applied to maintain
and support that helicopter in its operation. The complexity
of a system and the location and size of a part can cause in-
correct diagnosis and repetitive maintenance actions. The
trial-and=error method of troubleshooting a maintenance
problem is cowmon practice on Uil-lH and Cli=47C helicopters as
much as 50% of the time. The location and accessibility of a
part on the aircraft can be important contributing causes

of repetitive maintenance actions. The questionnaire data
indicates that over 50% of the respondeats felt inaccessibility
was a problem.

A total of 17 questions of the questionnaire relate to the
Applications attribute. The results of the analyses of these
questions and 12 correlations between questions are as follows:

Q36. What percentage of the time is trial-and=-error used to
correct a maintenance problem? The Uli=-1H(67N) respondents
indicated that trial-and=-error is used from 0% to 30% of the
time to correct a problem. The CH=-47C(67U) respondents of

the 0-2 ycar experience category agreed with the UH=1lH(67H)
respondents. However, the CH=47C(67U) respondents with from
3-10 years experience indicated that trial-and-erxrror is used
30% to 50% of the time. The more experienced mechanic on the
larger, more complex helicopter confirmed that trial-and-error
is used extensively to correct maintenance problems. The
ilapact of this procedure in causing repetitive maintenance
actions is significant. Future system and component design
sliould incorporate more extensive use of simple fault-isolation
features to determine the cause of a problem and to reduce the
tendency to use trial-and-error as a procedure.

Q26. Who usually decides that a major component is defective
and requires replacement? The UH=IH{€7H) and CH=47C(67U)
respondents unanimously agreed that the technical ingpector
decides if a major component requires replacement. The
technical inspector is usually the best trained and experienced
man in the unit, He is familiar with systen function and is
most capable of making the decision. This decision is dependent
on his ability to understand the design and component function
of the part in question. His limitations are sometimes caused
by the lack of current training, test equipment and diagnostic
aids to help him in his decision. The results of the analysis
of Q33 in the Environment Section of this report indicate

that current helicopters are not too complicated, indicating
that complexity of design is not a problem.
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Q34. Is the location of a part on the aircraft an important
cause of repeated maintenance actions? Table 42 shows that
it is. This shows the importance in design for considering
location and accessibility of components that may cause
recurring maintenance actions. Parts that are susceptible to
failure, wear-out, and short-term replacement, or require
periodic inspections and/or adjustments, should be designed
and installed in locations with adequate access to provide
the required maintainability.

TABLE 42. DISTRIBUTION OF PART-LOCATION-CAUSED MAINTENANCE
ACTIONS BY PERCENTAGE OF RESPONSE AND YEARS EXPERIENCE

Years Experience

Part Is UH=1H(6/N) CH=47C (67U)

Accessible 0-=2 3=5 6=10 0=-2 3=5 6=10
Yes 60.56 71.21 66,21 6l.22 75.51 52.38
lNo 39.44 28,79 33.79 38.78 24.49 47.62

Wl9. When an unusual vibration occurs: you identify the cause
of the vibration(s) by a serviceability check or a replacement
of component(s), or you let someone else make the decision.

The respondents all agreed that the serviceability check was

the predominate method used to identify the cause of vibrations.
However, over 30% of the Uli-1H(67N) respondents with 0-2 years
experience indicated that they let someone else make the
decision.

Over 33% of CH-47C(67U) respondents indicated that they replace
components to identify the cause of vibration. The need to
replace components to solve vibration problems is sometines
caused by the location and inaccessibility of the component.
The part that is most accessible is replaced first in hopes
that it caused the vibration. This is judged to be one of the
primary causes of repetitive maintenance actions. Methods for
isolating vibration causes to specified components are needed
to reduce the use of trial-and-error.,

Ql8. List maintenance tasks that have caused more than one
part to be replaced before the right part was identified.

(Put parts in order of removal, the last one being the one
that solved the problem.) Lists of parts replaced and tlie
maintenance actions or sywptoms causing the replaceuent are
given in Table 43 for the Uli=lH and in Table 44 for the Cll=47cC,
as extracted from the respondent questionnaires. Although these
lists show the extensive use of trial-and-error in resolving

a maintenance problem and the inference of repetitive mainte-
nance action, the question and response do not relate directly
to the Applications attribute. From some maintenance actions
and parts replaced, it could be implied that parts would not
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have been replaced if the parts causing the problem could uave

been isolated from the system and tested.
provide this capability would be beneficial.

System design to
An example of

this might be a component in the hydraulic system such as a

pump or servo.

By isolating the component and testing it, or

by running the system without it, the problem could be corrected
without further parts replacement.

TABLE 43. Ul=1lH MAINTENANCE ACTION AND SEQUENTIAL PART
REPLACEMENT LIST

Maintenance Action

or Symptom

N} Tachometer in-

operative

Dual tachometer in-
operative, no
throttle center

Creeping pedals

Adjusted trim tabs

Short shaft

Change mast dust boot

Worn scissor lever
Noise on shutdown

Transmission filter
Radio/Transmitter unit

Radio
avionics

Electrical short
Navigation systen

Change fuel control

Loss of rotor rpm

Engine rpm fluctuates

Engine surge

Fuel control

Replaced
Part A

Tachometer

Governor,
overspeed

Tail rotor
servo

Blades

Seal

Remove rotor
head

Shins
Swashplate
assy
Gaskets

Control head

Control head

Control

Control

Radio magnetic

indicator
Fuel control

Fuel control
Governor

Fuel control

Overspeed
governor
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Replaced
part B

Tacholeter

Fuel con-
trol

Tail rotor
servo

Rotor head
Seal
Daipers

Bearings
Main rotor
mast
Filter
Wiring
Radio
Wire
Circuit
breaker
J=-2 compass

Overspeed
governor

Overspeed
governor
Fuel control

Fuel control

Fuel control

Replaced
Part C

Repaired
cannon
plug

Adjust
balance
spring

Shaft
Scissors
assy
Lever
Hyd.
pump
Housing

Cannon plug

Mike cord

Bleed
band
actuator

Tach
generator
Adjust

bleed

band

Fuel control



TABLE 43. UH=1lH MAINTENANCE ACTION AND SEQUENTIAL PART

Maintenance Action
or Symptom

Fluctuating l;
N) speed calibration

Nj actuator
Engine high temp
Flight idle
Fuel system

Transmission o0il pr.
Transmission oil pr.

Transmission hot oil
light

Pilot attitude in-
dicator

Cyclic stick

Cyclic binding

Compressor stall

Suspected compressor
stall

Hydraulics

Hyd. servo

Servo

Collective stiff

Hydraulics

Hyd. feedback

Binding cyclic

Hyd. leak collective
servo

Hyd. failure

Caution light
Fuel pump light

Fuel pr. switch
No fuel pressure

No fuel pressure

REPLACEMENT LIST (Continued)

Replaced
Part A

Check valve
Indicator

N3 actuator
Gage
Switch
Overspeed
governor
Gage

Gage

Temp trans-
mitter
Indicator

Cyclic stick
Force grad-
ient spring
90° gearbox
Fuel control

Check valve

Irreversible
valve
Servo

Adjust fric-
tion

Check valve

Servo

Force
gradient

Lub. bearing

Pump

Caution panel

Circuit
breaker

Switch

Pump

Pump
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Replaced
Part B

Governor
Linear
actuator
Control Pr.
Sensing unit
Wire

Fuel control

mitter
Pr, trans-
mitter

Caution panel

Gyro

Bellcrank
Bellcrank

Drive shaft
Rig bleed
band

Servo

Pr., valve

Irreversible
valve

Power control

Servo
Pump
Mag. brake

Servo
Check valve

Pr, switch

Pump

Punp
Pump

Circuit
breaker

Replaced
Part C

N; gage
Aéjust
stop

Oil cooler
Solenoid

Relief
valve
Wire

Cannon plug

Control rod

Cyclic
stick

Engine

Irrevers-=
ible valve

Seals
Servo

Pump
Transmission
Bearing

Repositioned
cable

Bypass
valve

Wiring

Light

Fitting
Mech send=-
ing unit

Wire



TABLE 43. UH=-1lH MAINTENANCE ACTION AND SLEQUENTIAL PART

Maintenance Action
or Symptom

Magnetic brakes

Transuission dauper
sinding throttle

Vibration
Vibration

Vertical vibration
Lateral vibration
High-freq. vibration
Vibration

Tail rotor vibration

High-freq. vibration
Vibrations

Cyclic vibration
High-freq. vibration
Generator surge

Main generator voltage

No output, generator
light

REPLACEMENT LIST (Continued)

Replaced
Part A

Fore and aft
brake
Damper set
Torque tube

Hub
Hub

Blades
Blades
Bearings
Gearbox
0il cooler
bearing
0il cooler
Shafts
Trans.aission
Tail rotor
Voltaye
regulator
Generator

Generator

Replaced
Part B

Adjust force
trim

Damper set
Torque tube

Blades
Blades

Hub
Hub
Couplings
Tail rotor
Drive shaft
bearing
Tail rotor
Gearboxes
Pump
Gearbox
Circuit
breaker
Reverse
current
relay
Light

Replaced
Part C

Lateral
brake
Danmper sect
Flt idle
stop pad
Stabilizer
bar
Daiaper
mount
Mast
Swashplate
Shaft
Drive shaft
Siort
shaft
Drive shaft

Servo
Tail boomn
Generator

Voltage
regulator

Circuit
breaker

TABLE 44. CH=47C MAINTENAWNCE ACTION AND SEQUENTIAL PART
REPLACEMENT LIST

Maintenance Action
or Syiaptom

Replaced
Part A

Engine vibration
Utility system hyd.

Flight boost does not
pressurize

Utility hyd. systenm
pre.

Flight boost leakiny
SAS dangerous

Drive shaft

Pump

Manifold

Hyd: reser=-
voir

Line
SAS boxes
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Replaced
Part B

Engine trans-

mission
Generator

Punmp
Check valve

Fitting
SAS links

Replaced
Part C

Gearbox

Aft trans-
mission

Relief
valve

Pump

Wire in
cannon plug
shor ted



TABLE 44. CH-47C MAINTENANCE ACTION AND SEQUENTIAL PART

Maintenance
or Symptoin

Action

Fuel boost
N; engine g

luctuates
Ramp extent

pump
age

ion

Creeping ramp

Stiff cycli
High-freq.
High-freq.
High-~freq.
High=-freq.

High-freq.
High~-freq.

Intercom in
APU
APU does no

APU comnes o
APU

APU on line

c
vibration
vibration
vibration
vibration

vibration
vibration

operative
t start

n line

AGB back on line

AGB dragygs
Broken stud
transmissi
Cownbining g
Gaenerator

Brake pucks
Accumulator
VGI inopera
Vibration

Qll.
determined

o aft
on
earbox

leaking
tive

vys

REPLACEMENT LIST (Continued)

Replaced
Part A

Wires
N actuator

Selector
valve
Sequence
valve
Magnetic
brake
Engine drive
shaft
Aft trans-
mission
Engine drive
shaft
Engine drive
shaft
Engine
Engine drive
shaft
Radio
Fuel control
90% speed
switch
Starter fuel
switch
Spark plug
Accessory
gearbox
mo tor
Pump
Check valves

Stud

Sync. shaft
Generator

Bearing seal
"0" ring

Gyro

Engine trans-
mission
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Replaced
Part B

Pump
Control box

Sequence
valve

Ramp control
Bellcrank

Engine drive
shaft

Several parts

Punps
Quill shaft

Nose gearbox
C=gearbox

Control head
Speed switch
Relay box

Manifold
switch

Exciter

Valve

Control box
APU

Transmission

Mount bolts
Generator

Bearing

pr. gage
Indicator
Quill shaft

Replaced
Part C

Valve
Droop
eliminator

Manual
override
Uniball

Gearbox
Hyd. pump

Hyd. mani-
fold
Lord mount

C=-gearbox
Cooler fan

Cannon plug
APU
Hour meter

Igniter

Manifold
Aft trans-
mission

Shorted
wire

Wheel

Accumulator

Drive shaft

Excessive leakage from gearboxes, pumps, and servos is
observing sight gage, collecting fluid in



container, counting drops (static), counting drops while
operating, wiping part and watching for seepage that cannot be
measured, and/or guessing that the leakage is excessive.

Tables 35 and 36 in the Diagnotics section of this report, wliere
Qll is further analyzed, show the distribution of how the re-
spondents felt about each type of component. For gearboxes, the
procedure of observing the sight gage was predominate. Sigat
gages should be designed so that they can be easily seen and
adequate to be used as a measure for leakage if necessary.
Either the pumps are wiped off and checked for seepage, or the
part is observed while operating. This procedure is a diffi-
cult way to determine excessive leakage if the leakage rate is
marginal, For servos, the procedure varied depending on the
experience of the mechanic. Cowponents that leak should be
designed to provide a reasonable operating life without
excessive leakaye wy the application of good seal desiyn and
should operate with fluid pressures that do not overstress the
conponent.

Q37. Do you think that a maintenance test flight before each
Periodic Inspection would reduce the number of repeated
maintenance action(s) required after Periodic Inspection?

The Ul=1lli(67N) respondents indicated that a maintenance test
flight prior to a Periodic Inspection would reduce repetitive
maintenance actions. The CH=47C(67U) respondents with 0-5 years
experience indicated that a test flight would be beneficial.
The CH=47C(67U) respondents with 6-10 year experience indicated
a mixed attitude toward the advantages of a maintenance test
flight. This question does not relate to applications directly
and is discussed further in the Diaygnostics section of this
report.

Qlé. Do you feel that you would perform better maintenance if
you were permitted to disassemble repairable components to find
out wiiat caused a failure? As shown in Table 45, the respondents
indicated they would perform better maintenance if permitted

to disassemble repairable components. Perhaps it is necessary
to design more components so that they can be disassewbled and
the failure isolated readily by maintenance personnel. Comn-
ponents that are modularized, where the mechanic replaces
modules, can reduce downtime and improve maintenance efficiency.

TABLE 45. DISTRIBUTION OF RESPONDENTS WHO PERFORM BETTER
MAINTENANCE BY PERCENTAGE OF RESPONSE AND YEARS EXPERIENCE

Years Experience

Better UH=1H(67N) Cli=47C (67U)
Maintenance 0-2 3=5 6-10 0-2 3=5 6=10

Yes 71.83 78.78 74.52 6l.22 25.51 52,38

No 28.17 21,22 25,68 38.78 24.49 47.62
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Q47. Lxcessive vibration is reported as a =13 write-up: after
every fligyht, once every 2 flights, 4 flights, 10 flights or 25
flights. This question, directed to CH-47C(67U) respondents,
was answered differently dependent on experience, as shown in
Table 46. The less-experienced mechanics indicated a greater
tendency to reporting excessive vibration after every flight,
and the most experienced tended to indicate an excessive
vibration write-up every 25 flights. The conclusion is that
excessive vibration write-ups in the DA Form =13 result in
recurring maintenance actions. Future designs should be such
that vibration can be isolated within the component or system
causing the problew. The use of diagnostics perhaps designed
into the component could assist in identifying the source of
excessgsive vibration.

TABLE 46. DISTRIBUTION OF REPORTED EXCLSSIVE VIBRATION,
CH=-47C, BY PERCENTAGE OF RESPONSE AND YEARS EXPERIENCE

CH=47C(67U) Number of Flights

Years Experience 1 2 4 10 25
0-2 47 50 22 24 23
3=5 36 50 44 28 23
6-10 17 0 34 48 54

Q45. Which of the following repairs on the CH-47C are the
most difficult to make successfully on the first attempt?

Ten repairs were listed for this CH-47C related question.

The results of CH-47C(67U) respondent selection are shown in
Table 47 with the repairs ranked in accordance with the rank-
ing procedure defined in the Questionnaire Analysis section.
Tracking blades, the most difficult repair to complete success-
fully on the first attempt, may be difficult because of the
tracking procedure and complexity in tracking two sets of
blades, one of which can influence the track of the other.
Safetying the aft transmission oil filter and rigging flight
controls, the second and third ranked selections, are difficult
because of inacessibility of the components. The design of
such systems should take into account the location of compo-
nents and reduced adjustment requirements.

TABLE 47. CH~47C REPAIRS MOST DIFFICULT TO ACCOMPLISH IN
FIRST ATTEMPT

. ) Years Experience
Rank Repair Action 0-2"—  3-5 6-10 All

1l Tracking blades 20 37 31 31
2 Safetying aft trans 23 12 21 17
oil filter
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TABLE 47. Cii=47C REPAIRS MOST DIFFICULT TO ACCOMPLISH Id
FIRST ATTLIIPT (Continued)

Years Berrience
3-

Rank Repair action 0-2" 6=10 All
3 Riy flight controls 17 10 14 13
4 Adjust stability 8 12 7 10

augmentation

systen
5 Electrical repair 12 6 7 8
6 Adjust Nj actuator 9 6 4 6
7 Adjust engine 5 6 6 5

control
8 APU repair 3 5 6 5
9 Generator repair 2 4 1 3
10 Engyine tacn. gen. 2 2 3 2

repair

Q50, Repeat maintenance actions on the P=-SAS are caused by:
difficult adjustment, high failure rate for one component,
availability of parts, lack of test equipuwent, or lack of
training. Which of these is predominate? Table 48 shows the
results by experience of CHi=47C(67U) respondents., The lack of
training followed by, or in combination with, the lack of test
equipnent was the predominate reason given for causing repeti-
tive maintenance actions on the P-SAS systei.

TABLE 48. CH-47C DISTRIBUTION OF CAUSES FOR REPETITIVE MAIN-
TENANCE ACTIONS ON P-SAS, BY PERCENTAGE OF RESPONSE AND YEARS

EXPERIENCE
Years Experience

Cause of Maintenance Action 0=2 3-5 6=10
Lack of training 43 39 33
Lack of test equipment 23 25 36
Difficult adjustiaent 18 14 14
Availability of parts 11 9 8
High fallure rate for one coiponent 5 12 8

Difficulty in adjusting P-SAS, as brought out in the analysis
of Q45, is the only indication that design might oe partially
responsible for repetitive maintenance actions. When adjust-
ments are necessary, the systew should be designed for access.,
When possible, parts should be designed so as not to require
adjustment,

Q48. Which of the following most coummonly cause a high-

frequency vibration and require maintenance action? The 13
parts were ranked by the procedure described in the Question-
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naire Analysis section and are shown in Table 49. The com~-
ponents in the dynamic drive train systems, such as shafts

and gearboxes, should be designed so that the component

causing a vibration can be readily identified. Diagnostic aids
and vibration-sensing equipment as discussed in the analysis

of Q20 in the Resources section can reduce the tendency for
high-frequency vibration maintenance problems to become
repetitive,

TABLE 49. CH=47C PARTS CAUSING HIGH=-FREQUENCY VIBRATION,
RANKED BY YEARS EXPERIENCE

Years Experience

Rank Part Causing Vibration 0-2 3-5  6-10  All
L Engine drive shafts 28 19 22 23
2 Cooler fan motor 8 13 11 1l
3 Hanger bearings 10 10 8 10
4 Engine 90° gearbox 7 7 14 9
5 Forward rotor 9 9 4 8
6 Hydraulic pumps 5 9 9 7
7 Aft syncronizer shaft 9 5 6 7
8 Engine mounts 4 8 8 6
9 Forward syncronizer shaft 9 4 2 6

10 Aft rotor 5 8 4 6
11 Combining gearbox 2 6 9 5
12 Aft transmission 4 3 0 3
13 Forward transmission 0 0 2 1

Q46. What percentage of the maintenance actions on landing gear
power steering fail to work the first time? The CH-47C(67U)
respondents indicated that the maintenance actions on landing
gear power steering failed to work less than 25% of the time.
This question lacked adequate definition to find out how often
repair of the landing gear power steering failed to work.

As an arbitrary value, if the repairs failed to work 10% of

the time, it would be too high. The reason that repairs fail
to solve the problem is important. If it is poor design, then
corrective action is warranted. If it is the lack of training,
tools, or test equipment, then better support should be
inplenented.

Q49. What is the cause of unsuccessful repairs on flight boost
accumulators? The CH-47C(67U) respondents indicated that
repairs on f£light boost accumulators are not successful because
the part is not bench or submerge tested after seals are
replaced in the field., A component desiyned to be repaired

in the field should also be designed so that testing is not
necessary or is a simple procedure not requiring extensive

test equipment,

Q43. Which of the following items are hardest to trouble-
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shoot? Of the 12 parts listed, the UH-1H(67N) respondents
indicated that the engine was the hardest part to trouble-
shoot. Table 50 shows the ranking as performed by the procedure
described in the Questionnaire Analysis section. The engine

on the UH-1H ranked first and is one of the more complex systeus.
Access to engine accessories and components is a design re-
sponsibility. The second- and third-ranked items, fuel probe
and transmission damper mount bearings, are inaccessible, show-
ing the need for design consideration. Accessibility and

system complexity are the major causes of difficulty in trouble-
shooting a problem.

TABLE 50. UH-1lH PARTS HARDEST TO TROUBLESHOOT
RANKED BY YEARS EXPERIENCE

Years Experience
Rank Part 0-2 3=5 E"IU All

1 Engine 24 21 20 21
2 Fuel Probes 10 18 18 15
3 Transmission Damper
Mount Bearings 7 11 14 10
4 Irreversible Valves 7 9 15 10
5 Flux Valve on RMI 13 9 7 9
6 Fore and Aft Force
Gradient Spring 9 12 6 9
7 Starter Generator 9 8 6 7
8 Collective Servo 7 1l 4 6
9 Inverters 7 4 5 5
10 Cyclic Torque Tube 4 5 1 4
11 0il Cooler 2 3 2 2
12 Main Transmission
0il Filter 1l 0 1 1l

Q40. Which of the following repairs on the UH-1H are the

most difficult to make successfully on the first attempt?

As shown in Table 51, the UH-1H(67N) respondents selected
tracking of the main rotor as the repair most difficult to
complete on the first attempt. The analysis of Q45 for the
Cli=47C revealed the same conclusion by the CH-47C(67U) re-
spondents. The tracking of the UG-1H rotor is a repetitive
action because adjustments must be made to control rods and

hub assembly, followed by a check of the blade track to determine
if the adjustment was correct. Simple tracking procedures and
rotor design to reduce the need to track could reduce the impact
of this problem. Shimming the synchronized elevator and adjust-
ment of the linear actuator, the second and third respondent
choices, are affected by inaccessibility and the need for
adjustment. Component design should take into account the

need for accessibility if adjustments are necessary.
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TABLE 51. UH=1lH REPAIRS MOST DIFFICULT TO ACCOMPLISH ON FIRST
ATTEMPT, RANKED BY YEARS EXPERIENCE

Rank Repair Action 0-2 - - All

1 Tracking main rotor 27 26 27 26
2 Shimming synchronizer

elevator 13 17 20 17
3 Adjust linear actuator 14 18 16 16
4 Rig tail rotor 19 15 16 16
5 Adjust engine throttle

linkage 14 12 13 12
6 Hydraulic problem 8 9 6 8
7 Replace rear damper

mounts 5 5 4 5

Q4l. Several attempts are necessary to properly adjust cyclic
stick rigging because of: lack of proper tools, too many
adjustment points, or location of adjustinient points. The
Uli-1H(67N) respondents, as indicated in Table 52, said that the
location of adjustment points necessitated several attempts to
properly adjust cyclic stick rigging on the UH=1lH helicopter.
It is noted that as the mechanic's experience increased, too
many adjustment points and the lack of proper tools were also
important. The location and number of adjustment points can
both be controlled by design. Consideration of the frequency
of adjustment and simplification of the task during design and
integration into the higher level system aid in reducing
repetitive maintenance actions and improving maintenance
efficiency.

TABLE 52. DISTRIBUTION OF CYCLIC STICK ADJUSTMENT PROBLEM
BY PERCENTAGE OF RESPONSE AND YEARS EXPERIENCE

Years Experience
Reasons for Adjustment Problem 0-2 3-5 6-10

Location of adjustment points 36 41 38
Too many adjustment points 43 31 36
Lack of proper tools 21 28 26

The responses to certain questions relating to the applications
attribute were considered to have possible significant correla-
tions. To determine if the answers to these questions were
independent of or dependent on one another, the x2 test was
applied, with the results shown in Table 53. Those questions
showing dependence on one another are further analyzed.
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TABLE 53. APPLICATIONS QUESTIONS TESTED FOR DEPENDENCE

Question X2 test (%) X2 (99.8%)
Combination (Calculated value) (Critical value) Dependence
l16/36 3.3 12,5 No
36/19 11.1 16.9 No
36/26 11.4 20,7 No
34/36 5.9 12.5 No
36/47 32,4 20.7 Yes
34/19 l.8 12,5 No
34/40 *040 ranked for Yes answers to Q34 Yes
34/41 0.1 12,5 No
34/43 *043 ranked for Yes answers to Q34 Yes
34/45 *®*(045 ranked for Yes answers to Q34 Yes
34/48 *048 ranked for Yes answers to Q34 Yes
34/50 4.7 16.9 lo

* Questions that were correlated but did not contain the
elements for the x2 test were evaluated by stating a
hypothesis and ranking the responses to the second question.

236/Q47. Are the answers to Q47 from the CH=-47C(67U) dependent
on the answers to Q36. The results of the x2 test indicate

a relatively strong dependence among the answers to the two
questions. Those personnel who thought that trial-and-error
is used to correct maintenance problems also felt that
excessive vibration was a common write-up. It can be con-
cluded that vibration write-ups are a common cause for using
trial-and-error as a procedure for correcting a maintenance
problem, Vibrations are caused by a dynamic imbalance in a
component and are sometimes transmitted to other parts of a
drive train. The effect of vibration can be reduced by using
diagnostics in the design, by the use of special test equip-
ment (vibration meter as discussed in the analysis of Q20 of
Resources section), and by providing adequate vibration
isolation mounting of components.

Q34/Q40. The analysis of Q40 first ranked which repairs are
most difficult on the first attempt as identified by all UH-1lH
(67N) respondents. The importance of the answers to Q34 in
relation to Q40 is most valid if the answer to Q34 is Yes.
Therefore, the ranking of answers to Q40 given that Q34 is Yes
provides a listing of those repairs most difficult to make

on the first attempt by only those personnel who think that the
location of a part on the aircraft is important. Table 54
shows this ranking. All yes respondents to Q34 ranked the
linear actuator as a more difficult repair than rigging the
tail rotor. This was in reverse order to the UH~1lH(67N) yes
respondents.,
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TABLE 54. Ull=1H REPALRS MOST DIFFICULT 10 COMPLETE ON
FIRST ATTEMPT

Rank Repair Action

Track main rotor

Shim synchronizer elevator

Rig tail rotor

Adjust linear actuator

Adjust engine throttle linkage
Hydraulic problei

Replace rcar damper mounts

~SNSou e Wik

Future designs should avoid the need for adjustuments, as they
cause repeat maintenance actions for most of these repairs.

Q34/Q43. The analysis of Q43 first listed parts hardest to
troubleshoot as identified by all UH=-1llI(67N) respondents.
Q34 is most important in relation to Q43 if the answer to
Q34 is yes., Therefore, the ranking of auswers to Q43, given
that Q34 is yes, provides Table 55, which gives those parts
so located on the aircraft that they are hardest to trouble-
shoot, There is only slight variation in the list shown in
Table 50 for the Q43 analysis and Table 55, indicating that
the yes respondents to Q34 felt that the same parts were
hardest to troubleshoot as the Uli=lH(67N) respondents to Q34
felt. This conclusion only confirms the need for design con-
sideration in the placement of parts within the airframe or
system so that maintenance actions can be performed
cfficiently.

TABLE 55. UH=1H PARTS HARDES'T TO TROUBLESHOOT

Rank Part
1 Engine
2 Fuel probes
3 Flux valve on RII
4 Fore and aft force gradient
spring
5 Transmission daiaper mount
bearings
6 Irreversible valves
7 Starter generator
8 Inverters
9 Collective servo
10 Cyclic torque tube
11 Oil cooler
12 Main transmission oil filter

Q34/Q45. The analysis of Q45 first ranked which repairs on
the Cli-47C are most difficult on the first atteupt as identi-

74



fied by all CH-47C(67U) respondents. Q34 is most important
in relation to Q46 if the answer to Q34 is yes. The ranking
of answers to Q45, given that Q34 is yes, provides Table 56.
This ranking of difficult repairs is by respondents who think
the location of a part on the aircraft is an important cause
of repetitive maintenance actions. The location of a part
relative to its repair frequency is important in reducing
repetitive maintenance and improving maintaining efficiency.

TABLE 56. Cli=47C REPAIRS !MOST DIFFICULT TO COMPLLETE ON
FIRST ATTEMPT

Rank Repair Action
1 Track blades
2 Safety aft trans. oil filter
3 Rig flight control
4 Adjust stability augmentation

system
Adjust N; actuator
Adjust engine controls
APU repair
Electrical repair
Generator repair
Engine tach ygenerator repair

cwvoae~dowm

|

Q34/Q48. The analysis of Q48 first listed parts hardest to
troubleslhioot as identified by all CH=-47C(67U) respondents. Q34
is most iaportant in relation to Q48 if the answer to Q34 is
yes. The ranking of answers to Q48, given Q34 is yes, is shown
in Table 57, Those parts that most commonly cause a high fre-
quency vibration are identified with tihe location on the air-
craft as being an important cause of repetitive maintenance
action. This confirms that maintenance personnel are aware
that the location of a part is important and that future designs
should place parts that require wmaintenance in accessible
locations.

TABLE 57. CH=47C PARTS CAUSING HIGH=-FREQUENCY VIBRATIOUS

Rank Part

Engine drive shafts

Cooler fan motor

llanger bearings

Aft rotor

Forward rotor

Engine 90° gearbox
Hydraulic pumps

Aft synchronizer shaft
Forward synchronizer shaft

Co~ouUdwNnKe-
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TABLE 57. CH=47C PARTS CAUSING HIGH=FREQULUCY VIBRATIONS (Cont'd)

rank Part
10 Engine wounts
11 Combining gearbox
12 Aft transmission
13 Forward transmission
LOGISTICS

Spare parts supply is that part of logistics that most affects
repetitive maintenance. Parts that are not available when
needed cause part substitution, delay, and cannibalization,
resulting in repetitive maintenance actions. Based on analysis
of the questionnaire, defective parts are issued thru supply
channels at a rate of 8 or more per year to each mechanic who
requisitions parts. Primary causes of these parts' contawinat-
ing the supply system were identified as ordering by incorrect
Federal stock nuaber and the improper service check of a part
before beiny issued. Types of parts affected by thesc actions
include major conponents and nonrecoverable itens., Trans-
missions, rotors, servos, actuators, bearings, seals, and

light bulbs are examples of parts issued which were incorrectly
identified or defective, thus affecting maintenance efficiency.
Maintenance procedures that reduce the need for the return,
replacement, repair or shipment of parts reduce the supply
ourden and improve the efficiency of louistics support.

A total of 14 guestions from tihe questionnaire were logistics
related. The results of the analyses of these questions and
20 correlations between questions follow:

Q21. How many defective parts have been issued from supply

in the past year? The average mean number of defective parts
igssued per year per mechanic reported was 8 based on the
combined UH=-1H (67N) and Cli=47C (67U) mechanics' questionnaire
response., Table 58 shows the mean number of defective spare
parts issued to UH=1ll (67N) and Cil=47C (67U) mechanics by
experience for a l-year period. The UH=-1lH (67N) less-
experienced men appeared to have obtained more defective parts
than others. The data showed that the less-experienced men

on the CH=47C(67U) received fewer defective parts than all
others. This may be attributed to their not being in the
position of responsibility where they would be requisitioning
parts. The Cli=47C, being a more complex helicopter than the
Ull-1lH, has more than one mechanic assigned to it. The more
experienced man is usually the one in charge and would be more
apt to have parts issued to himself, The UH=1lH usually has
one man assigned to it and whatever his experience level is,
he requisitions the parts he needs.
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TABLE 58. DEFECTIVE SPARE PARTS ISSUED PER MECHANIC PLR YEAR

Years Bxperience
Aircraft (MOS) 0-2 3- 6- Total Mean

UH-1H(67N) 19.85 5.07 5.43 8.95
Combined 12.63 5.36 5.52 7.58
Mean

Q22. What are the reasons for defective parts being issued
from supply? The primary reason given by both the Ul-1H(67N)
and CH=-47C(67U) mechanics was improper service check before
issuing a part. This could indicate that supply personnel do
not check the part number against the part record card and do
not examine or test the part prior to issue. The second choice
picked by both type mechanics was poor quality control. This
may mean quality control at manufacturing thru overhaul or
during shelf life storage.

Q23. How many wrong parts have you been issued in the past
year? The average number of parts reported by the combined
Ul=-1H(67N) and CH=47C(67U) mechanics was not as clearly defined
as in question 21, The results of the respondents' actions,
as shown in Table 59, in both UH=1H(67N) and CH=47C(67U)
categories indicate that the more experienced and perceptive
inechanic tends to make fewer errors in ordering parts and
recognizes the correct part more often. The less experienced
personnel are more prone to error. The higher number of wrong
parts reported by these mechanics tends to substantiate this
conclusion.

TABLE 59. WRONG SPARE PARTS ISSUED PER MECHANIC PER YEAR

Years Experience

Aircraft (MOS) 0-2 3=5 6=10 Total Mean
UH=1H(67N) 187.50 103.40 4,27 98,47
CH=47C(67U) 1.87 5.85 4,50 3.97
Combined 111.70 76.99 4,32 55.95

Mean

Q24., What are the reasons for wrong parts being issued from
supply? The primary response given by both the UH=1H(67N) and
CH=47C(67U) mechanics was wrong Federal stock number (FSN)
ordered. This is caused by the mechanic who orders the part
initially and may be due to his carelessness in specifying the
correct number or because the parts manual is difficult for
him to understand. The supply clerk may be contributing to
the problem by not checking the part number on the requisition
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forn with the supply catalogue.

He may not compare the part

nuuber requested with the actual nuwber on the pari at the
time of issue. These assessments are supported by the respounse
to the second and third choice answers of this question, which

were: wrong FSN supplied and TM not clear.

Both of these

answers subjectively indicate that consideration should be
given to improving supply manuals and the methods used in
ordering and issuing parts,

(Question as stated in the questionnaire.)
mechanics reported 51 various wron
The Cli=47C(67U) mechanics reporte

Q25. Examples of wrong parts from supply having been installed

on the aircraft include

The UH-1H(67N)

parts as having been issued,
26 various wrong parts

issued, A listing of the parts reported is yiven in Table 60.

TABLE 60. WRONG PARTS ISSUED FRO! SUPPLY

T/R sprocket
Rotor blade

Ul=-1H
Part Part Part
servo Sync elevator
"0" rings Pitch horn

Bell cranks
T/R pitch link
T/R crosshead

T/R pitch link bearing

Transiiissions

Tail light bracket
Sliid shoe

Fuel control
Reverse relays
Hyd. daipers

Cross tubes

Hyd fittings

Scat covers

Transmission lift link Sencing units

Hyd filters
Mag. brake
Regulators
Intermediate kit

Valve, irreversible

Hyd punps
liinges

Jump doors
Bearings
Mixing valve
Fuel solenoid
Oil filters

Seals

Eye bolt

Fuel cap

Fuel pump
Soundproofing
Spring lever
Cargo hook mirror
Compressor blades
Glare shield
Chip detector
Lamps

Rotating beacon

Scissors/sleeve Gages Push-pull tubes
Transponder Actuators Pylon mounts
CH=47C

Part Part Part
Control panel Hardware Servo cylinders
Master caution Instruments Blade damper
panel Push-pull tubes Drive shaft
Engine drive shaft Bushings Soundproofing
Mag. brakes Nuts Engine covers
N. actuator Lines Rod and bearings
Hyd pumps "0" ring Fuel caps
MLG brake Speed trim Bolts
Actuator, pivot APU control Claps
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Q29.

wWhat percentage of the time are parts condcmned as

defective when actually they werc serviceable? The responses
were intended to provide insight as to the severity of this

condition.,

Response indicated that more than 10% of the

serviceable parts are condemned and burden the supply operation.

This was reported by 30% to 52% of all respondents.

A response

indicating that over 10% of all parts are condemned when they
are actually serviceable clearly indicates that procedures to

correct this condition are warranted,

Improvewents in the

other attributes such as resources and diagnostics could help
to further reduce the severity of this problem,

Q27.,

As the result of trial-and-error troubleshootiny,

serviceable parts are turned into supply as unserviceable.

Why does this happen?

The least experienced mechanics on the

Utl=-1H(67N) and CH=47C(67U) strongly indicated that their reason
for turning a serviceable part into supply as unserviceable
was that they were afraid the part was contawinated from being

used in troubleshooting.

less specific as to reason for this condition.

causes they indicated were:
extra part" and

proposed reasons were accurate.

(1)

The more experienced nechanics were
Two predominant
"no way of accounting for an

(2) "it was easier to do it that way". The
intent of this question was first to see if the assumption
that the conuition existed was valid, and second to see if the

It appears that the assumption

was valid from the high respondent participation and that the

reasons were correct.

This is a maintenance practice whici

should be avoideu by use of better diagnostic procedures.

Q28.

What serviceable part(s) have you seen turned in to

supply as unserviceable (in the past year)? As shown in Table

6l the UH-lli(67N) mechanics reported 57 various parts and <:he
reason for being turned into supply as unserviceable. The
Cl=47C(67U) mechanics reported 19 parts as listed in Table 62,

TABLE 61, UH-1lH PARTS RETURNED TU SUPPLY AND REASON FOr

Part

Engine oil
radiator
0il cooler

Overspeed
yovernor (s)

Force
gradient (s)

Deicing valve

UNSERVICEABILITY
Reason Part
Possible metal Attitude
particles indicator
Outdated
Inoperative

because we had

a new one
Electrical
short

binding in
flt. control
Failed in open
position

Altineter

Pressure

gage
0il gage

0il temp send-
ing unit

Reason
Broken

Inoperative
Unreliable
Adjusuuent

Faulty
readinyg
Inoperative

Bad oil
cooler



TABLE 61. UH=-1H PARTS RETURNED TO SUPPLY AND REASON FOR

Part
Battery
Trunnion(s)

Actuator (s)

Inverter
Tach. genera-
tor (s)
Torque meter
Torque gage

Torqgue pr.
transmitter

Voltage
regulator (s)

Main rotor
damper (s)
Rotating

beacon(s)

Landing light

Generator (s)

Main rotor
blade(s)

UNSERVICEABILITY (Continued)

Reason
Overcharging

Poor quality
excessive play
No DA Form 2410
binding sticks
occasionally
Excessive noise
Adjust
fluctuation
Broken glass
Inoperative

Gage fluctuates

No output
Would not
regulate

Bearing worn

Motor sticks
Will not
rotate

Open circuit
breaker broken

Burned out
Brushes not
installed
properly

Internal defect
No paperwork
Different weight

Leading edge =
not enough
protection

Leading edge =
strip bub-
bling.

Separation, void
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Part

Engine teup
gage

Cyclic lockout
valve

Hyd. pr.
switch(s)
Irreversible
valve(s)

42° Gearbox
Boost pump

Pitch change
link(s)

Magnetic
brake(s)

Fuel con-
trol(s)

Transmission
Hydraulic
puip (s)

Rod end
bearing(s)

Mixing lever
bearing
Servo(s)

Reason

Bad oil
cooler
Maint. supv,
decision
Caution light
inoperative
Leaking
Defective
cylcic stick
Pilot valve
Seals
Internal
failure
Too much play
Worn, but
not out of
tolerance
Binding said
to be stick-
ing
Adjust. wrong
at factory
Troubleshoot-
ing
Leaking
Wrong series
Engine surge
Throttle arm
tight
Dropped
Binding con-
trols
Misdiagnosis
Wrong pre.
setting
No new type

fittings seals

Seeping

Noisy
Internal
failure

Worn (within
limits)

Too much play

Could not see
snap ring

Leak



TABLE 61. Ull=1lH PARTS RETURNED TO SUPPLY AND REASON FOit
UNSERVICEABILITY (Continued)

Part

Tail rotor
wlade(s)
Sskid shoe(s)

Main rotor
hub(s)

90° Gearbox(s)

Drive shaft(s)

Relays

Cowling
Tail rotor hub
Engine

Master caution
panel

Reason

Leadiny edge -
not cnough
protection

Made from wrong
metal

Extra part

Found on air-
field

Seeping

Seals deteriorat-
ed., Vibration

Could not balance

Contaminated
llo paperwork
Scals - leak

Tech-insp.fault

Worn excessive-
ly

Rubper torn
Used for
troubleshoot-
ing

Chafed

Bearing worn

Overtenup. on
gauge

Bearing leaking

No test equip-
ment

Part

Servo (s)

Lift links
/R universal
APU punp
Swashplate

Sync elevator

Cargo door

Fuel pr. switch

Engine mounts

Reason

Contaminated
Slipring
mark not on
retaining
ring
Feedback
Internal
binding
No irrevers-
ible valve
Supervision
said to
replace it
No paperwork
Unserviceable
Axial play
Worn shaft
Packed in-
correctly
Worn exces-
sively
Door sprung

Worn bearings

TABLE 62. Ci=47C PARTS RETURNED TO SUPPLY AND REASON
FOR UNSERVICEABILITY

Part

Magnetic brake

Reason

Sticking

Tacli. generator Not accountable

Rotor tach

Hyd fitting
Actuator (s)

Pin in shaft
broken
Not authorized

* Leaking

unknown

8l

Part

545 link

Ilcll boxtsl

Sync shaft

Reason

Could not
adjust
Suspected
causing
vibration
Suspected
causing



TABLE 62. CH=47C PARTS RETURNLD TO SUPPLY AND REASON
F'OR UNSERVICLABILITY (Continued)

Part Reason Part Reason
No DA Form 2410 vibration
Burned out Damper (s) Dead spot in
sans filter Leakiny lead/lag
o "0" ring in Contamination
filter clement Oil pr. in- Fluctuating
Magnetic Did nct sw.ag dicator
conpass
Pup (s) Lealking Drive shaft Vibration
Wrong FSW Valve(s) Leaking
Installed in- Creeping ramp
correctly Seat Dirty
Accumulator (s) Internal failure
suspected
Leaking
Raup control Creeping ramp
Internal failure
Cooler fan Seeping

Q30. After rewoval, is a suspected failed part again checked
vefore being sent out of your unit for analysis and repair?

The respondents' yes and no answers were nearly cqual in number
with only a slightly higher percentage saying that parts are
not checked again before beinyg sent out for analysis and
repair. This respcense is inconclusive and does not clearly
define a loyistics problen,

Q3l. When a nonrepairable part has failed, do you attempt to
find out why it failed? The UH-1lH(67N) respondents were nore
atfinwative (64%) than the Cli=47C(67U) respondents (53%) as

to their attempt to find out why a nonrepairable part failed.
Tnis could be because the Ull=-1H helicopter is less complex than
tlie Cli=47C, Because of this, the UlL-1llI(67N) mechanics may be
more inclined to see if they can learn something from the failed
part that will help them keep their helicopters flyable more of
the tine. The UH-1lH maintenancae personnel and aircraft are
often dispersed froia their support activities and have to be
wore self supporting, Tune results of this question do not
sigynify a strong trend. It is suspected that only the more
curious and motivated mechanics on both helicopter types try

to find out why parts fail, If the reason for failure were
deternined and corrective action taken, the supply systei could
ve improved by the purging of unreliable parts and the supply-
ing of more reliable parts.

Ql0. Before a repairable part is sent out of your unit for

analysis and repair, it is: operationally tested tc see if it
is unserviceable, packaged and shipped without further check-
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ing, bench testeu, or checked by the technical inspector.
Ruspondents reported that the part is checked by a technical
inspector prior to veiny sent out of the unit for analysis and
repair. This is a standard operational procedure in wost
aviation units. The technical inspector's check is usually
that of visual static inspection and a review of the DA Form
2410 record., Effect on the supply systen operation is not
measurable from the results of this question analysis. If
procedures were changed and if parts could be operationally
tested at the unit level, some parts would not reguire repair
and the burden on the supply system to replace the parts would
be reduced,

Ql2. Are recoverable parts frequently sent out for repair
vecause trained personnel arc not available? Over 70% of all
respondents said yes to this question. This means that if
trained personnel were available to perforu repairs at the
unit level, the supply burden would be reduced.

Ql3. Is test equipment used to check out ramoved parts to
deternmine if they are serviceable before they are turned

into supply? Over 65% of all respondents reported no to this
question., If test equipment were available and useud to check
out parts prior to seeking replacewment parts, the supply systeall
support requirenent would be reuuced.

42, Secveral replacecments of a wmain rotor head to correct 1-
to-1 vibration are common inaintenance requirenents, yes or no?
Tnis question was directed to U=l (67N) respondents only.
uver 16% of those responding indicated that replacement of
rotor heads was a procedure used to troubleshoot a l=to-=l
vibration problen, The effect of this procedure on the supply
systen is to ayygravate the supply burden for delivery of rotor
neads. It was not establisheu froi the response to this
guestion tnat this was a common practice, but it confirmed
that the procedure is used.

Thie responses to certain questions relating to the logistics
attribute were considered to have possible significant
correlations. To determine if the answers to tilese questions
were independent of or dependent on one another,thc)(z test

was applied, with the results shown in Table 63. Those questions
showing dependence on one anotlier arce furtiher analyzed., 1If

the value arrived at in performing the x ¢ test is greater than
the x ¢ value for 99.8% significance, there is an indication

that the answers to the first question have a correclation with
the answers to the second question.,
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TABLE 63. LOGISTICS QUESTIONS TESTLD FOR DEPLNDENCE

Question X 2 Test (%) )(2 (99.8%)

Conawination (Calculated) (Critical value) Dependence
29/10 3.4 20,7 lo
12/29 14,7 12.5 Yes
29/27 11.7 20,7 No
13/29 16.8 12.0 Yes
30/29 7.0 12,5 No
31/29 1.1 12,5 o
13/10 27.3 14.8 Yes
12/13 6.6 9.4 No
13/27 6.3 14.8 llo
13/30 37.3 9.4 Yes
27/10 6.8 26,1 llo
12/27 11.8 14,8 No
30727 3.8 14.8 No
30/10 16.1 14.8 Yes
30/12 0.9 9.4 o
30/31 17.7 9.4 Yes
31/10 3.4 14.8 No
31/12 0.1 9.4 lio
31/13 0.1 9.4 No
12/10 15.0 14.8 Yes

Q1l2/Q29. Are the answers to Q29 from the respondents who
answered Q12 independent of or dependent on the answers to
Q12? The results of “he y? test indicate that there is a
correlation between the answers to the two questions. From
this result it is concluded tha: the same personnel who felt
that recoverable parts are sent out for repair because trained
personnel were not available also felt that parts are condenned
which actually are serviceable. In these responses the supply
system is affected by the unnecessary movement of parts.
Corrective procedures to reduce the conditions identified in
the two questions would improve supply support.

Q1l3/Q29. Are the answers to Q29 from the respondents who
answered Ql3 dependent on the answers to Ql13? The results of
the x4 test show a correlation between the responses to both
questions. It is concluded that those who said that test
equipnent is not used to ciieck out removed parts felt also
that parts are condemned when they are actually serviceable.
Reduced burden on the supgly system could result from
corrective action to reduce movement of parts because of the
conditions identified in the two questions.

Ql3/Q30. Are the answers to Q30 from the respondents who

answered Ql3 dependent on the answers to Ql13? The results of
the x 2 test indicate a correlation between the responses. It
is concluded that those respondents who said that test equip-
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ment is not used to check out removed parts also felt that
testing of repairable parts is important. By testing parts
prior to their peing sent out for repair, fewer parts would be
placed in the supply system and fewer replacauent parts would
pe necessary.

Q30/Ql0. Are the answer to Q10 from the respondents who
answered Q30 dependent on the answers to Q30? The results of
the xz test show a correlation vetween the responses, This
correlation verifies that those that responded to Q30 in the
affirmative demonstrated their action by identifying the type
oLl check performed in responding to Qlu.

Q30/Q3l, Are the answers to Q31 from the respondents wio
answereu Q30 dependent on the answers to @30? The results of
the X 2 test show a correlation between the responses. Those
respondents who said suspected parts are checked before beiny
sent out for repair also atteapt to determine why nonrepairable
parts fail., DBotun conditions help to unburden the supply systan,

Q12/Q10. Are the answers to Ql0 from the respondents who
answvered Ql2 dependent on the answers to Ql2, The results of
the xz test show a correlation Letween the responses. It is
concluded that tie respondents wiho said that recoverable parts
are sent out for repair because trained personnel are not
available also identified the type of testing used to ciheck

a part before it is sent out for repair. This indicates that
parts are frequently sent out for repair because traincd
personnel are not available. The additional parts generated
from this action burden the supply system and increase work
load,
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ATTRIBUTE/QUESTION CROSS-REFERENCE LISTS

The following list shows the questions by nuubers identified
with the attribute and the order in which they are analyzed.

Environment Resources Diagnotics Applications Logistics
Q17 Q4 Ql4 Q36 Q21
Q33 Q32 Q36 Q26 Q22

Q12 Q8 Q34 Q23
Q5 Q15 Q19 Q24
Q37 Qll Q18 Q25
Q44 Q26 Q11 Q29
Q 7 Q9 Q37 Q13
Q 6 Q50 Qleé Q27
Q35 Q41 Q47 Q28
Q20 Q49 Q45 Q30
Q13 Q37 Q50 Q31
Q33 Q32 Q48 Q10

Q46 Ql2

Q49 Q42

Q43

Q40

Q41

The following list shows the questions on which analyses were
performed for correlation as identified by attribute and the
Those question con-
binations that show correlation are identified by an asterisk.

order in which the analysis was performed,

Environment Resources Diaynostics Applications Loyistics

Q1l7/Q33 Q4/Q5 Q4/Q8 Q16/Q36 Q29/Q10
Q4/Q12 Q14/Q36 Q36/Q1Y Ql2/Q29*
Q4/Ql3 Q36/Q8* Q36/Q26 Q29/Q27
Q4/Q20 Q32/Q36 Q34/Q36 QL3/Q29*
Q4/Q33* Ql5/Q26 Q36/Q47* Q30/Q29
Q4/Q38 Q37/Q8 Q34/Ql9 Q31/Q29
Q38/Q13 Q37/Q36 Q34/Q40* Ql3/Ql0*
Q38/Q20 Q34/041 Ql2/Q13
Q38/Q33* Q34/Q43* Q13/Q27
Q12/Q13 Q34/Q45* Q13/Q30%*
QR5/Q33* Q34/Q48* Q27/Q10
Q5/Q39%* Q34/Q5 Ql2/Q27
Q13/Q44 Q30/Q27
Q6/Q7* Q30/Q10*
Q7/Q33* Q30/Q12
Q7/Q35 Q30/Q31*
Q6/Q33* Q31/Q10
Q6/Q35 Q31/Ql12
Q6/Q38 Q31/Q13
Q6/Q20 Q12/Ql0*
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REPETITIVE MAINTENANCE ACTION

DATA ANALYSIS

Over 5,000 U, S. Army aircraft inspection and maintenance
records, DA Form 2408-13, covering a 6-month period, were
analyzed to assess:

1, causes of repetitive maintenance action,
2. types of prevalent repetitive maintenance, and
3. subsystems or parts causing repetitive maintenance.

For completeness, 8,500 flight hours covering a 30-month
period of Operational Reliability Maintainability Engineering
(ORME) program data gathered under U, S. Army Contract DAAJOl=-
71-C-0441 were analyzed to assess repetitive maintenance on
Cili=54B helicopters.

The analyses revealed a total of 1,295 repetitive maintenance
actions distributed by helicopter model. These actions were
compared with aircraft utilization rates provided by the Eustis
Directorate, AMRDL, as reported in Army Aircraft Inventory,
Stations and Flying Time Report, DA Form 1352. The raesults are
shown in Table 64.

TABLE 64, REPEITITIVL MALUTENANCL ACTIOL RATE

Humber
Helicopter Utilization Hunber Number Total Repeat Actions
Modal Rate per Month (hr) of Aircraft of llonths llours Action per Flt lir

Ull=1H 17.3 25 6 2595 601 0,231
CH-47C 8.0 21 6 1008 324 0,322

Cli=54B 8.5 21 30 5418 370 0,008

As can be seen, actions per flight hour are highest on the
Cli-47C, possibly because it is more complex than the Uli-1lH,

The differences in actions per flight hour of the UH=-1H,
Cli=47C, and CH=-54B may partly be attributable to the differ-
ences in data bases, as discussed subsequently in this section.

Further insight is provided by Figure 5, which shows the
causes of maintenance actions by the attributes discussed
earlier in this report. Figure 5 shows the prime cause of
repetitive maintenance by model, as given in Table 65.
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324 Actions
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Diagnostics
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Figure 5,
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601 Actions
25 Aircraft
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22.6%

Applications
18.1%

Logistics

= i N
Environment —%
i 13.5%

A
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CH=5LB

370 Actions
21 Aircraft
30-Month Period

Hesources

22.T%

Applications

14.3%

Diagnostics
65.9%

Applications
17.1%

Environment

1.6% Resources

16.3%

t—i‘tm/:'n'omnent
0.7%

Causes of Repetitive Maintenance Actions
by Attribute.*

See Table 5 for the definitions of these attributes.
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TABLE 65, CAUSES OF REPETITIVE MAINTENANCE

Percentage of Actions per A/C
Model Prime Cause Secondary Cause Prime GCause secondary Cause

Ull=1lH Diagnostics Resources 44.5 22,6
Cll=-47C Diagnostics  Resources 51.3 22,6
CH=54B Diagnostics Applications 65.9 17.1
DISCUSSION

Diagynostics is the highest ranked cause of repetitive mainte-
nance, It includes the use of test equipment, troubleshoot-
ing, and standard maintenance practices. Indications are that
repetitive maintenance can be reduced markedly by improving

the diagnostics of the aircraft systems studied. Troubleshoot-
ing by trial-and-error, when it involves dynamic components,
can be costly in lost aircraft availability and high material
usage, Vibration is a significant symptom that leads to
multiple replacement of such components as rotors and blades.
In these cases, the use of a vibration meter, which is a
diagnostic tool, could alleviate the problem. In the question-
naire analysis section under Diagnostics, it is noted that 66%
of the maintenance personnel interviewed did not have access to
the use of a vibration meter. A follow-on investigation is
recomniended to identify specific diagnostic equipment and
changes in maintenance procedures to improve Army diagnostics
cost effectively.

Resources include training, tools, and maintenance manuals.,
Resources are the secondary cause of repetitive maintenance on
the UH=-1H and CH-47C, Based on the number of maintenance
actions associated with instrument and sensing units, it

appears that tools listed in the TOE may not be available or
tools may not be listed in the TOE and therefore are not avail-
able., For example, there may be a need for temperature/pressure
gage testers to isolate instrumentation equipment so that it does
not cause a maintenance action when a mechanic is examining
temperature or pressure discrepancies in a gearbox. Gearboxes
have been replaced when only a gage or probe sensor unit was

at fault, If they are the faulty parts, gages and sensing

units are easier and less costly to replace than gearboxes.

This indication is reinforced by the responses raeceived in the
questionnaire survey.

Mechanics who were interviewed felt that maintenance manuals

sometimes were not as readily available as they should be.
They also indicated that the troubleshooting procedures in
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the manuals were sonetimes incomplete or covered only the
obvious problems. A logical inference from these comments
is that the mechanic attempts to solve a problem by trial-
and-error. When the mechanic is experienced, this may
actually facilitate solution of the problem. In many cases,
however, the mechanic may not have the required experience,
and the result is excessive repetitive maintenance. A
significant reduction in repetitive maintenance could be
achieved by assuring ready availability of the manuals and
by having more comprehensive troubleshooting tables. One
way to improve troubleshooting tables would be to solicit
from experienced mechanics procedures that have proved to be
successful and then adding these to the tables. More exten-
sive training in troubleshooting might also help.

Analysis of ORME program data showed that the secondary cause
of repetitive maintenance on the Cl-54B is applications

(17.1%), with resources (16.,3%) a -~ )se third cause. It is
suspected that the use of ORME dat. ay have caused an un-
anticipated bias in the analysis, + .pared with the UH=-1H

applications (18.1%) and CH=47C ap.lications (14.3%), for
which DA From 2408-13 was used as the data source. DA Form
2408-13 is oriented toward showing maintenance support
problems. OrME reports are oriented toward showing design
probleis that can be eliminated cost-effectively by product
improvement, This may have been the prime reason for the
reversal of ranking of applications and resources on the
CH-S 4Bo

on all three aircraft models, there is little doubt that
product improvement to facilitate maintainability can reduce
repetitive maintenance,

Analysis of DA Form 2408-13 required considerable care and
judgement., Entries relating to the same problem often used
different terminology, abbreviated description, and different
assessnent of the problem by different personnel. Entries
were sometimes illeyible. The response to question No., 32
("In gyeneral, how accurate is the flight crew =13 write-up?")
was a choice of poor, fair, or good. Of the respondents, 70%
felt that entries on the DA Form 2408-13 were less than good
as shown in Table 40, Diagynostics section. Many of these same
respondents f£ill out the DA Form 2408-13 as part of their
assigned jobs as crew chief or flight engineer. This suggests
the poussible need for better training, motivation of personnel
filling out the form, or a change in the form to simplify the
procedure,

Special cdre was taken to sort out a large number of "carried
forward" entries from DA Form 2408-13 where tie problem was
not repetitive maintenance, but possibly a loyistics problem
or local maintenance procedure that allows maintenance actions
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to be delayed daily until a scheduled inspection period.
The following sections divided by helicopter model provide
further insight into the subsystems and parts that cause
repetitive maintenance.

Uli=-1li REPETITIVE MAINTENANCE ACTION DATA ANALYSIS

Aircraft inspection and maintenance records, DA Form 2408-13,
encompassing 6 months of data on 25 UH=-1lH helicopters from
three typical operational sites were reviewed intensively to
sift out repetitive maintenance actions. The total number was
601, Of the 49 subsystems and parts identified, as listed in
Appendix A, Table Al, the ten parts having the highest number
of repetitive maintenance actions per aircraft were analyzed
relative to causes of repetitive actions. They are ranked in
Table 66, showing the average action per aircraft and the
maintenance attribute considered to be the prime cause of the
action,

The attributes found to be most predominant in causing repetitive
maintenance are diagnotic, resources, and logistics.

TABLE 66, CAUSES OF REPETITIVE MAINTENANCE ACTIONS,
Uil=1H (6 MONTHS DATA)

Average
No. Actions Prime Cause(s)
Rank Repeat Maintenance Action per Aircraft: Attribute
1l Attitude Indicator 11.5 Logistics
2 Engine 0il 7'emperature 11,0 Diagnostics/
Resources
3 ADF 8.5 Logistics
4 Rotor Vibration 8.3 Diagnostics
5 Enygine RPM Governor Switch 7.8 Diagnostic/
Resources
6 Transponder, IFF 7.3 Diagnostics/
Resources
7 42° Gearbox Seal 6.7 Resources/
Applications
8 UHF/FIl Radio 6.6 Diagnostics/
Logyistics
9 (ienerators 6.4 Diagnostics/
Resources
10 Pitch Control Link 5.5 Diagnostics/
Applications

Maintenance actions recorded from the DA Form 2408-13 entries
include those "carried forward" entries considered to be

significant for showingy the effect of such action relative to
the entire repetitive maintenance analysis. The "carried for-
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ward" entries reflect one of two possible causes for lack

of waintenance effectiveness., The first possible reason

for this procedure is that loyistics support is not providing
replacement parts and the aircraft can reaain operational
meanwhile. 7Tuae other conclusion reached with regard to this
condition is that it nas becoae a localized maintenance pro-
cedure to delay maintenance actions untii the aircraft is
"down" or grounded for a scheduled inspection period, This
localized procedure may be caused by a lack of traincd
personnel, heavy flying scnedule, or poor supervision.

Tue pilot/copilot VGI attitude indicator was found to have
tlie highest repetitive maintendance action. This instrunent
provides pitcn and roll information to the fligat crew., The
aircraft is flight limited to VFR when the indicator is
inoperative, Becausc Uli=lil operation is nostly VFi, failurc
of the attitude indication was not operationally significant.
VUrf the repetitive actions recorded from DA Form 2408-13
entries, 79% werc "carried forward." This is a stronyg ia=-
dication that the replacewent part was not available and
that loyistics was responsivle for tie delay in perforniang
corrective action. Tae lalatenance action to replacc an
attitude inaicator is siiple and would normally have been
performed if parts had been available.

The engine oil teperature indicating systea, ranking second in
repetitive malntenance action entries in the va Foria 2408-13,
reflected a noticeable use of trial-and-error in trouble-
shooting the system. As an exaaple, the following entries

are repeated:

Alircratt
Flight Tine

2532.1

2557.6

2559.5

2562,.5

Indication

engine oil teiperature
reads 93°

engine oil temperature
97°C at 94% and 22 1lb
torgue

engine oil teuperature
97°C at 94% and 22 1b
torque

engine oil tewperature

90° - 93° for 1 hr 25
min, then 95° for 5 min
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action
replaced oil line,
replaced kinked line
to reservoir

carried forward

flushed coonler, rc-
placed gaye

carried forward



Aircraft

Flight Time Indication Action
2565,3 engine oil temperature replaced cooler,
90° - 93° for 1 hr 25 temperature bulb,
rnin, then 95° for 5 min thermo-relief valve,

0il cooler fan
assembly, engine oil
punmp; ranoved and
reinstalled engine
oil filter

This problem continued for over 33 flight hours and two months
of operation., With the trial-and-error method used to correct
the problem, the cause remained unknown. The primary reason
for using trial-and-error may be inadequate diagnostics and
resources support. Better trained mechanics with improved
troubleshooting tables in the maintenance manuals may reduce
the use of trial=-and-error, and fewer repetitive maintenance
actions of this kind may occur.

The ADF radio navigation system ranked third in repetitive
maintenance actions, with 76% of the entries from DA Forn
2408-13 records being "carried forward." This strongly in-
dicated a logistics problem, Little maintenance can be
performed at organizational level other than replacement of
the component. Failure modes were not clearly dascribed.
Capability for testing avinnics components at organizational
level is limited by current.y available test equipment and
availability of trained personnel.

The forth-ranked system was the main rotor and vibration.
Diaygnostics was indicated as the attribute most responsible
for this condition., Trial-and-error was used in attempts to
correct the problem. Main rotor blades are usually tracked
first, followed by replacement of a worn control rod bearing

or scissors that needed shimming. Pylon and transmission
mounts were also considered by the mechanic as possible causes
of the problem, Here is a condition in which the amount of
vibration experienced is reported as excessive by the operat-
ing pilot and found to be normal by the maintenance test pilot.
A difference of opinion results in repetitive maintenance
actions. More important, perhaps, is the fact that a vibration
meter, which is considered to be diagnostic equipment, is not
generally employed to determine severity of vibration or its
source, When maintenance personnel were interviewed, in
response to Question No. 20 ("Do you have a vibration meter
available for your use?"), 27% answered "No". Question No. 44
asked, "What additional test equipment would be of value to
you?" Of six different pieces of test equipment listed, the
vibration meter received the highest percentage response.
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Training in how to use test equipment, for example, the vibration
meter, and more definitive troubleshooting procadures would
reduce repetitive maintenance actions on the rotor system,

The engine RPM governor/switch ranked f£ifth in repeat actions,
and the causes appeared to be diagnostics and resources. Cor-
rective action appears to be a series of adjustments and re-
adjustments to correct such DA Form 2408-13 entries as "RPM
too high" or "RPM low." This may be a case in which the
pilot reporting the problem and the maintenance test pilot
differ in their reaction as to what constitutes an out-of-
limit RPM control. It appears that additional training,
better defined limits or tolerances on RPM adjustments, or an
improved RPM control system to reduce the need for constant
adjustment would reduce repetitive maintenance actions.

The transponder, APX=-72, ranked sixth in repetitive actions
per aircraft. The entries taken from DA Form 2408-13 records
indicate the need for training and diagnostic aids in trouble-
shooting the system. Repetitive actions of resetting the
circuit breaker and replacement of parts without correcting
the problem or isolating the cause show the mechanic's need
for more information on how the system works and how to repair
it.

The 42° gearbox input seal ranked seventh. The seal protects
the intermediate gearbox from fluid loss in static and dynamic
conditions. The cause of repeat actions can be related to
resources and applications. Seals are replaced and then
reported on the following flight as leaking again, indicating
possibly incorrect installation procedure or incorrect seal.,
Improved training, proper tools, and more complete instructions
on how to replace seals would improve this condition and reduce
repetitive actions. When seals are not available, the problem
is “"carried forward" until the part is supplied. Improvement
in logistics support would also assist in reducing repetitive
actions.

The eighth-ranked component on the UH-1lH was the VHF/FM radio.
The causes for these repetitive actions appear to be related

to diagnostics and logistics. When the UHF/FM radio was
reported as a problem, one of the components was replaced, or
the write-up was "carried forward®™ until replacement parts

were obtained. Troubleshooting of avionics equipment at
organizational level is not authorized or technically supported.
Therefore, there is little choice to replace parts as necessary
to keep the system operational. 1If this is the maintenance
policy, then adequate logistic support should be provided to
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reduce repetitive actions that are otherwise performed.

The wain/standby generators were ranked to have the ninth
highest repetitive action. The entries recorded from DA Forn
2408-13 records show voltage out of adjustment to be the
primary complaint. Readjustments are repeated every few
flight hours. From this, it appears that the voltage readings
py flight crew and niaintenance personnel are interpreted
differently. Correct readings should be defined and clearly
prescribed in the maintenance manuals. Test eyuipment or pro-
cedures snould be established for adjusting the voltage. A
system that would not require periodic adjustment to maintain
critical limits would also reduce repetitive actions.

The pitch control link ranked as tenth in repetitive mainte-
nance actions. Bearing wear was the predominant write-up.

The reasons for repetitive actions were classed as diagnostics
and applications. The reason for assigyning the diagnostics
attribute was the replacement policy for trunnion bearings
without a way of measuring wear or bearing play as a criterion
for replacement. The application attribute is related to find-
ing a bearing design that would reduce wear and the requirenaent
for replacement,

The remaining parts that cause repetitive actions have ties
to the basic attributes similar to those discussed in the
above analyses,

Cli=47C REPETITIVE MAINTENANCE ACTION DATA ANALYSIS

Six months of aircraft inspection and maintenance records, DA
Form 2408-13, on 21 Ch=-47C helicopters fromn three typical
operational sites were reviewed to obtain representative
repetitive maintenance action data. It was found that 324
repetitive actions were recorded, and 47 different parts or
systens were found to be related to repetitive maintenance
actions. The entire list is presented in Appendix A, Table A2,
The ten parts having the highest number of maintenance actions
per aircraft are analyzed relative to causes for repeat actions.
They are ranked in Table 67, showing the primary attribute
considered to be the cause of these actions.

The attributes found most predominant as shown in Figure 5
are diagnostics, resources, and logistics.
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TABLE 67. CAUSES OF REPETITIVE MAINTENANCE ACTIONS,
Cli-47C (6 MONTHS DATA)
Average
No. Actions Prime Cause(s)
Rank Repeat Maintenance Action per Aircraft Attribute
Fuel-Low Light 11,0 Diagnostics/
Logistics
Check Valve 9.0 Diagnostics/
Logistics
3 High-Frequency Vibration 8.3 Resources/
Diagnostics
4 Speed Trim 8.0 Resources/
Diagnostics
5 Transmission 0il Pressure 7.0 Resources/
Light Diagnostics
6 Pilot=Scability Augmenta- 6.5 Resources/
tation System Diagnostics
7 Lateral Vibration 5.7 Diagnostics
8 Attitude Indicator 5.2 Diagnostics/
Logistics
9 APP Mount 5.0 Loygistics
10 Transponder 5.0 Diagnostics/
Logistics

These maintenance actions, as recorded from DA Form 2408-13
entries, include those "carried forward" entries considered to
be significant for the purpose of showing their effect
relative to the whole repetitive maintenance action analysis.

The fuel-low warning light caused the highest number of
repetitive maintenance actions per aircraft.
these actions were assessed to be diagnostics and logistics.

The diagnostics attribute was designated as the cause of these

actions on the basis of the DA Form 2408-13 entries.
exanple, consider the following:

The causes of

For

it took 5 flight hours
after the initial entry in the DA Form 2408-13 to confirm the
problem, and another 25 flight hours taking no corrective
action except to "carry forward" un%il a fuel probe was re-

placed; even then, the fuel probe replacement did not correct
the discrepancy. Delay in obtaining a fuel probe was probably
caused by logistics. In this case, lack of replacement parts
would explain the "carried forward"™ entries. When the probe
replacement did not resolve the problem, the action again was
a trial-and-error troubleshooting procedure that was in-
effective. From this example, it appears that availability of
logical procedures in checking out a system would reduce the
number of repetitive maintenance actions.

A check valve in the combining gearbox was ranked as having
the second highest repetitive maintenance action. The
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attributes considered to cause this were diagnostics and
logistics. The DA Form 2408-13 entries reported a bad check
valve followed by "carried forward" entries without a correc-
tive action. This was a condition that did not require correc-
tive action, or a replacement part was not available, or
corrective action was too difficult to perform except during
periodic inspections. The condition in this example was
entered on the DA Form 2408-13 record nine times in 37 opera-
tional flight hours. "Carried forward" entries generally
signify a logistics problem awaiting parts, but it appears
that in this example a localized maintenance policy was being
exercised to delay maintenance until a scheduled inspection
period., If this is true, then standard maintenance procedures
as described in TM 38-750, Technical Manual for the Army
Maintenance Management System (TAMI1S), would justify trans-
ferring the entry from the DA Form 2408-13, Daily Flight Record,
to the DA Form 2408-14, Uncorrected Fault Record, This action
defers maintenance until a scheduled periodic inspection and
allows the write-up to be removed from the DA Form 2408-13
record as a daily entry. All this does not correct the dis-
crepancy. It is emphasized primarily to show the ineffecient
procedure of excessive record-keeping. If the check valve is
inaccessible and has a high replacenent or repair rate, then
the applications attribute relative to design action would be
applicable.

The third highest repetitive action was defined as high-
frequency vibration. The reason for this action being identi-
fied as a symptom rather than a part or system is that several
parts and systems in the CH=-47C actually generate high-frequency
vibrations when a discrepancy occurs within the component or
system, The attributes considered to cause repetitive actions
were resources and diagnostics. Based on the DA Form 2408-13
entries, there appeared to be no orderly procedure for deter-
mining which system caused the high-frequency vibration.
Trial-and-error troubleshooting was attemped, first in trying
to find the problem in one system by the replacement of parts,
and then going on to another area on the helicopter and trying
the same approach again. Meanwhile, the aircraft continued to
build flight hours., The use of a vibration meter for diagnos-
tics could substantially reduce repetitive maintenance actions
and prevent high utilization of parts. Along with the vibra-
tion meter, there should be instructions and maintenance
manuals with troubleshooting procedures.

The fourth repetitive action part is the speed trim, This
system reduces angle of attack of the fuselage relative to the
airstream as forward airspeed is increased and reduces rotor
blade flapping. The causes of repetitive actions in the
system were related to resources and diagnostics. As an
example, the DA Form 2408-13 record entries that were reviewed
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showed the following events as they occurred:

Aircraft Flight Time
(Hours)

156.8

159.7

162,2

163.4

168.6

171.1

173.6

177.0

Indication

Aft speed trim
indicator fluctuates
80% of seal - all
speeds

Fluctuates and acti-
vates motors

Fluctuates in manual
and auto modes

Fluctuates inter-
mittently

Aft speed trim plug
disconnected

Aft speed trin
fluctuates inter-
mittently

Aft speed trim
fluctuates
intermittently

Aft speed trim
fluctuates

Action

Replaced Indicator

Disconnected at
cannon plug

Carried forward
Disconnected trim
actuator

Connected cannon
plug

Carried forward

Carried forward

Transferred to
DA Form 2408-14
Delayed Mainte-
nance Form

This example shows incounsistency in the procedure used to

attenpt to correct the problem.

It was possible that the

mechanic was not trained to work on the trim system and was
avoiding tine problem the best way he could until the problen

was deferred to the next periodic inspection.

The problei

could have been in the wiring in the cannon plug, but there
was no indication that this mode of failure was examined.
Tools to perform repairs to cannon plugs may not have been
available, or an electrician specialist may not have been
Trained personnel with experience,
tools, troubleshooting procedure, and suitable test equipment
could have reduced this type of repetitive maintenance action.

assigyned at the tiue.

The transmission oil pressure light was ranked fifth in number

of repetitive maintenance actions.

Inoperability of this

warning lignt system prevents important information from being
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transmitted to the pilot. It could result in a safety-of-fliglt
problem. Even so, it was "carried forward" until, after 10
flight hours, it was checked and found to be operational.

After 20 hours of further operation, it was again written up,
checked, and found to be operational. Even the simple pro-
cedure of replacing a light bulb to determine if the bulb itself
was intermittent was not attempted. This indicates lack of
experience or training in proper troubleshooting. It is
possible that the supervision or local maintenance policy pre-
vented corrective action from being exercised. Repetitive
actions of this type could be reduced if proper procedures,
training, and supervision were applied.

The P-SAS, stability augmentation system, was ranked sixth

in repetitive actions. Indications are that this was the
result of weaknesses in resources, diagnostics, and applica-
tions. The DA Form 2404-13 record showed that corrective
action was trial-and-error. Discussions with mechanics in-
dicated that they were experiencing difficulty in adjusting
the P=-SAS and having the adjustment hold, lechanics' answers
to Question No. 50 ("Repeat maintenance actions on the P=SAS
are caused by: (a) adjustment is difficult, (b) one component
has high failure rate, (c) availability of parts, (d) lack of
test equipment, and (e) lack of training") indicated that:

44% felt that lack of training was the cause of repeat actions,
3l% claimed lack of test equipment, and 17% said adjustment
was difficult., Better training, test equipment, and improved
design to eliminate or facilitate adjustment would reduce
repetitive maintenance actions on P=SAS,

The seventh highest ranked action/part was lateral vibration
in the rotor systems. The cause of these actions appears to
be related to diagnostics. An example follows of how a dis-
crepancy of this type is processed:

Aircraft Flight Indications From .

Hours DA Form 2408-13 Action Talken
1295.9 1l to 1 lateral vibration phased blades
1300.0 1l to 1 lateral vibration replaced blades

forward yellow
and red
1300.0 l to 1 lateral vibration rephased main and
aft blades
1300.0 forward damper has replaced forward
internal noise damper
1309.0 lateral vibration flight checked OK

at low speed
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Aircraft Flight Indications From
Hours DA Form 2408-13 Action Taken

At the samne time, but with separate entries in the DA Form
2408-13,

1284.0 vertical bounce at 150 Kn checked OK
1300.0 1l to 1 vertical vibration adjusted aft yellow
aft head blade up 3 clicks
green blade down
2 clicks
1309.8 l to 1 vertical at 150 Kn tracked blades

It appears that the problem may not have been solved by the
procedures used in the attempt to correct it. There was
nothing to indicate the use of diagnostic tools, such as a
vibration meter, to isolate location or cause of vibration.
The entire attempt to correct the problem was trial-and-error.
As determined in the analysis of the questionnaire, the vibra-
tion meter is apparently not being used. Its addition to the
TOE equipment list and proper training in its use could
significantly reduce repetitive maintenance actions on most
dynamic systens.

The pilot/copilot VGI attitude indicator was ranked eighth
highest in repetitive actions. Causes for the repetitive
actions were diagnostics and logistics. Indiscriminate re-
placement of parts was common practice to correct this dis-
crepancy. On one aircraft, the corrective action was "carried
forward" until part replacement was completed, indicating lo-
gistic support needs. The aircraft remained in flight status
with a discrepancy in the VGI system. The only constraint is
that it was restricted to VFR flight only. Most flying is VFR,
so this places a low priority on correcting the problem in the
VGI system,

The APP mount was ranked ninth in repetitive actions. The

cause of this action was logistics. The corrective action was
carried forward until the mount assembly was replaced.
Approximately 9 hours of flight time was recorded between the
initial DA Form 2408-13 entry and the corrective action. After
an additional 12 hours of operation, structural repair of the
mounting bracket was required. There is the possibility that
the delay may have been a contributing factor in mount wear.
Early corrective action of any discrepancy can reduce repetitive
actions.
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The transponder IFF was tlie tenth-ranked repetitive action.
Indications are that actions were caused by trial-and-crror
troubleshooting and possible delay in obtaining replacement
parts. Repairs were attempted, but were apparently unsuccess-
ful., This may have been done while waiting for a part in an
attempt to keep the system operational. Improved diagnostics
by better troubleshooting procedures and loyistics support
would reduce these repetitive actions.

Cli=54B REPETITIVE MAINTENANCE ACTION DATA ANALYSIS

Data for the repetitive action analysis of CH=54B helicopters
were taken from 30 months of operational data wnen 21 aircraft
flew a total of 8500 hours. These data were derived from the
ORME conducted for U. S. Army AVSCOM under Contract DAAJOl-71-
C-0641 as a product improvement program. The repetitive actions
totaled 370. Of the 55 parts and subsystems listed in Appendix
A, Table A3, the ten parts having the highest number of
maintenance actions per aircraft were analyzed relative to tie
causes of repeat actions., These ten parts are ranked in Table
68, showing the average action per aircraft and the maintenance
attributes considered to be the prime cause of repetitive
actions. Predominant cause attributes were diagnostaics,
applications, and resources.

TABLE 68, CAUSES OF REPETITIVE MAINTENANCE ACTIONS, Cli=54B
(30 MONTIIS DATA)

Average No. Actions Prine Cause (s)

Rank lfaintenance Action per Aircraft Attribute
1 Engine Exhaust Duct 9.0 Applications
2 Tail Pipe Assembly 7.8 Applications
3 Speed Actuator 7.0 Diagnostics/

Resources
4 AFCS Control Panel 6.0 Resources/
Diagnostics
5 AFCS Amplifier 5.7 Resources/
Diagnostics
6 Main Rotor Head 5.3 Resources/
Diagnostics
7 Fuel Filter Elewent 5.0 Diaynostics
8 lMain Gearbox 4.7 Diagnostics
9 APP Clutch 4.2 Diagnostics/
Applications
10 Blower 4.0 Diagnostics

These repeat maintenance actions were extracted by a computer
program that listed each aircraft by serial number and sorted
all actions by calendar date. The ranking of attributes using
the ORME data differs from the DA Form 2408-13 data used to
evaluate the UH=-1lH and CH-47C. The CH=-54B program was a prod-
uct improvement program primarily intended to recognize

101



design discrepancies and implement corrective action by
Engineering Change Proposals (ECP). The data obtained from
the Daily Flight Records, DA Form 2408-13, provided daily
information on all actions relating to maintenance. As

a result of this difference in data source and intent, the
CH-54B repetitive action analysis is biased to show a larger
percentage of applications as the prime cause than would have
been the case had DA Form 2408-13 data been used.

The engine exhaust duct, a powerplant vendor part, was ranked
as causing the highest repetitive action per aircraft part in
the CH-54B, Applications is the prime cause of this. The
duct would crack, be repaired, then crack again until replace-
ment was necessary. Subsequently, a redesigned duct was
provided by the vendor as an ECP action to solve the problem.

The second highest repetitive maintenance action part was the
engine tail pipe assembly. The tail pipe has been a source of
repeated maintenance action because of cracking and loss of
attachment bolts. Applications is considered to be the cause
of these actions. A continuing effort to improve the design

of this component has been under way for soie time. The manu-
facturer is currently evaluating the use of damping materials
and techniques to improve tail pipe reliability. A temperature
survey is being performed, to be followed by laboratory testing
and field evaluation of a modified tail pipe.

The speed actuator, a rotary electric actuator that operates

Ny engine speed trim controls, is ranked third in repetitive
actions. The causes of these actions are related to diagnostics
and resources. Trial-and-error troubleshooting procedures in
the field were indicated. Difficulty was reported in following
rigging instructions from the maintenance manuals. As an
exanple, five actuators were replaced in seven maintenance
actions. Adjustments in rigging accounted for the remaining
actions. Revised rigging instructions and changes in control
linits have reduced repetitive actions in this systen.

The AFCS control panel ranked fourth. These repetitive actions
can be reduced by better training and improvement in manuals
and troubleshooting. Analysis of the repetitive actions showed
that the problem was not resolved after six separate mainte-
nance actions, including replacement of five control panels.
The problem was reported as internal and switch failures.

There is a need for diagnostics for this type of equipment on
the aircraft to avoid replacement of major components for minor
problems. Test equipment and training can reduce these
repetitive actions and save components.

The fifth-ranked repetitive action listed was the AFCS anpli-
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fier. The discrepancy actions on this assembly were similar
to those with the AFCS control panel. The entire amplifier
was replaced as often as was a subassembly. Difficulty in
identifying the cause of failure is the result of the lack

of diagnostic support equipment and adequately trained mainte-
nance personnel. Improvement in troubleshooting procedures,
coupled with test equipment and training, would reduce these
repetitive actions.

The wain rotor ranked sixth for repetitive actions relative

to retorquing of the rotor head nut securing the head asseubly
to the transmission drive shaft. Problemns reported indicated
that when this nut was torqued according to maintenance manual
instructions, the torque would not be retained. This condition
occurred primarily in arctic environments. The solution was
to revise the torquing procedure in the maintenance manual.
Additional problems included replacement of the rotor head
assembly because of seal leakage. It was found that neither
the seals nor the special tools required were available in
many cases., Better logistics, resources, and diagnostics
would help prevent these repetitive actions.

The fuel filter element is ranked seventh in causing repetitive
actions. The filter problem is related to the diagnostic
attribute. The filter collects contamination from the fuel
system and provides a signal when it is obstructed and nust
bypass fuel. The repetitive actions taken were to replace
the filter on an average of every 10 hours for 50 hours of
aircraft operation. There was no indication of the fuel
systems having been checked for the cause of contamination.
Contamination that continues that long would normally warrant
further investigation. Better diagnostic procedures in deal-
ing with a problem of this type should be a consideration in
reducing repetitive actions.

The wain gearbox was ranked eighth in repetitive actions.

Most of the reported actions related to the chip detector
finding metal particles. In one case, metal chips were found
after a gearbox replacement, indicating that the oil systen,
that is, the cooler and line, may not have been cleaned proper-
ly prior to the installation of a replacement gearbox after

an internal failure. Better maintenance procedures and
experience in determining acceptable limits of contamination
would reduce repetitive actions and, perhaps, save gearboxes.

The ninth-ranked repetitive action component was the APP clutch.
Two problems were reported relative to the clutch., One was

seal leakage, which was an applications attribute problenm
subsequently resolved by design improvement. The second was
clutch shoe adjustment, which would be expected to be an
infrequent repetitive action. As the clutch shoes wear fron
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normal usage, adjustment is necessary. However, unusually
high wear rate and repeated shoe adjustment indicate the need
for design improvement.

The transmission oil cooler blower ranked tenth in repetitive
actions, primarily due to vibration. The recorded corrective
action was replacement of the woodruff key and repair of hous-
ing by riveting. It appears that the normal maintenance pro-
cedure is to correct the immediate problem without following
through to eliminate the cause. Repetitive actions occur from
this procedure, because the work is not comnpleted after the
first action. Chronic problens continue to be reported in a
system in which the fix is only partially coupleted. Repetitive
actions can be reduced significantly if maintenance actions are
performed to eliminate the prime cause.
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INCORRECT DIAGNOSTIC DATA

COLLECTION AND ANALYSIS

A field and depot survey was made to collect and compare opera-
tional field component removal history with depot overhaul and
inspection data. Evidence of incorrect field diagnosis could
be established in cases where the depot inspection did not
confirm the field diagnosis. Three typical UH-1H and CH=47C
operational bases were visited, and their data from six months'
previous Component Removal and Repair/Overhaul Records, DA
Form 2410, were reviewed. Two typical U. S. Army depots were
visited to track the same components removed in the field to
the depots and to determine if the failure codes assigned at
the field level agreed with the depot overhaul analysis.

The survey reviewed 271 DA Form 2410 records. From these
records, 205 components with assigned failure codes were
identified. However, the records at the depot for these com-
ponents failed to identify any failure codes. It was discovered
that the primary reason for this was that the depot does not

use the DA Form 2410 to list results of teardown inspections.
Based on TM 38-750, the Army Maintenance Management Systenm
(TAMM) Manual, DA Form 2410 is a multicopy form that is to

be used to record parts replacement and failure codes during
overhaul or repair. However, the depots are not required to

use DA Form 2410 if they use assembly-line production methods
for overhaul. Only man-hours and parts-required lists are
necessary. At the depots, it was learned that few teardown
ingpections are made to identify the cause of failure. Detailed
disassembly and inspections are normally done only when
components are returned after accidents or by special request.
Another possible reason for lack of depot follow-up on reason
for field removal is that there appears to be a lag of 6 months
to 2 years between the time when parts are removed from the
aircraft and when they are processed through the overhaul system.

As an alternative data source, a special computer run was
obtained from the RAMMIT (Reliability and Maintainability
Management Improvement Techniques System) program. This com-
puter run contained a listing of parts from UH-1H and CH=47C
helicopters from the same bases being surveyed. These data
proved to be of no help, since records of components listed in
the computer runs could not be found at the depots.

As a result of these difficulties, the survey to measure in-
correct diagnosis as a cause of excessive maintenance could
not be completed. However, some insight was provided by
personal interview of depot personnel, who estimated that 15%
to 25% of transmissions going through overhaul are found to
have no defects or malfunctions. The following sections
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describe the data obtained from the operational bases and
depOtS °

OPERATIONAL DATA FOR INCORRECT DIAGNOSIS ANALYSIS

Component Removal and Repair/Overhaul Records, DA Form 2410,
were surveyed for a six-month period on UH-1H and CH=47C
helicopters at three typical U. S. Army operational bases. Of
the data surveyed, only 76% of the components had been assigned
failure codes, as shown in Table 69.

TABLE 69. COMPONENT RECORDS SURVEYED WITH/WITHOUT
FAILURE CODES

Percentage
No. of No. With No. Without Failure
Aircraft Type 2410 Records Failure Codes Failure Codes Codes
UH=-1H 135 82 53 6l
CH=-47C 136 123 13 90
Total 271 205 66

It is noted that failure codes were identified more often on
Cli=47C helicopter components.

Table /0 lists the UH-1H components surveyed.

Table 71 lists the CH=47C components surveyed.

The components listed include those parts identified in TB
55-1500-307~-25, Aircraft Components Reguiring Maintenance
Management and tlistorical Data, as being controlled parts for
overhaul and repair.

DEPOT EXPERIENCE

Two U. 5. Army depot facilities were visited to obtain DA Form
2410 depot overhaul, repair teardown, and inspection verifi-
cation field failure codes. It was found that the depots did
not use the DA Form 2410 record copy 5 for recording part
replacenent or for identifying failure codes. The procedures
used at depot are internal shop work control forms for com-
ponents processing. All file records are retained active for
90 days after a component is processed for either overhaul or
repair., The records are stored for 2 years and then discarded.
Almost none of the components processed by the depots go
through a teardown inspection for cause of failure or

reason for rewmoval. Only engines and specially identified
components froi accidents are subjected to detailed teardown
inspections. As a result, it was not possible to cowpare fail-
ure codes from field organizations with depot data.
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Interviews with depot personnel indicated that 15% to 25% of
transnissions are processed and found to contain no defects.
Components are repaired and overhauled in batch lots on a
semi-assembly line basis, This part of the study was incon-
clusive in identifying incorrect field d.agnosis of components
as being a prime cause of maintenance inefficiency.

RAMMIT DATA

Raw TAMMS/TAERS data were requested on aircraft components
from the bases being surveyed to assure that time lay between
conponent removal and overhaul would not preclude depot
analysis,

In response, a printout of Chronological Analysis of Selected
Items Record data was provided. The components listed from
the computer printouts are shown in Table 72.

TABLE 72. COMPONENT LIST FROM CASIR DATA

Component FSN Quantity Aircraft
Transmission, Coub, 16150552961 29 CH-4'7C
Swash Plate, Control 16151795918 1 CH=47C
Shaft Assy, Syncro 16158166954 4 Ch=-47C
Blade, Rotor Wing, Aft 16151790817 34 CH=-47C
Transnission, Forward 16150893949 9 CH=-47C
Transmission, Forward 16151116806 24 CH=47C
Quill Assy 15608296845 29 UH=1H
Horn Assy, Elevator 15609667517 33 UH=-1H
Elevator Assy 15609963905 6 UH=-1H

The computer printout to cover these listed components totaled
10,721 pages, or approximately 63 pages for each component.
The data were of limited value, since none of the components
reported in the CASIR was found listed on the DA Form 2410
surveyed at any of the bases or depots visited. The CASIR
data represented an earlier time frame, but the field survey
data were more current. o conclusions could be reached from
this data source,
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CONCLUSIONS

Repetitive maintenance actions are significant. Repetitive
actions were found to occur at a rate of 0.32 per flight hour.

Individual repetitive maintenance actions were identified.
The causes for these actions were described by attribute.

Diagnostics, including test equipment, troubleshooting, and
standard maintenance practices, were identified as causing
over 50% of all repetitive maintenance actions.

Incorrect diagnosis of components removed from the aircraft in
the field and forwarded to the depot for overhaul and repair
could not be confirmed. Depot procedures did not provide
appropriate records to track components adequately.

Test equipment is not being used to troubleshoot maintenance
problems. Troubleshooting procedures are incomplete.

Flight crew write-ups are not clear, consistent, or traceable
enough for maintenance crews to respond efficiently with the
proper repairs.

Troubleshooting procedures in maintenance manuals are in-
complete. Only expected problems are covered, thus leaving
remaining problems to be resolved by trial-and-error procedures
that are costly and time-consuming.

Mechanics are frustrated as a result of being trained in a
skill and then not being allowed to use their skill in perform-
ing the maintenance actions for which they are qualified.

Trial-and-error troubleshooting methods are used up to 50% of
the time in resolving a maintenance problen.

The lack of spare parts causes repairs to be delayed and
repetitive maintenance actions.

Test flight prior to periodic inspection can reduce repetitive
maintenance by testing all aircraft systems for correct opera-
tion. Discrepancies found can be corrected during the inspec-
tions.
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RECOMMENDATIONS

Training in the accurate application and utilization of test
equipment should be improved.

A vibration meter, such as that identified in USAAM)DL=TR=74-~
44, "Investigation of Iunspection Aids," as a diagnostic

reed vibration instrument, should be added to the Table of
Organization and Equipment (TOE) test equipment list for all
nelicopter companies. If the instrunent is presently a part
of the standard test equipment, it should be used. If train-
ing on the use of this instruwment is necessary, it should be
conducted,

Standard maintenance procedures should be clear and enforced
to be effective and to provide control in maintenance opera-
tions.

Spare parts support should provide needed parts as required
to reduce aircraft down time, cannibalization, and marginally
operational aircraft.

Flight crew write-ups should be standardized to aid in cou-
municating problems to the ground crew. A program is sug-

gested to develop a standard list and code to provide clear
and succinct terms for transmitting flight crew complaints

to ground crew mechanics.,

Maintenance manuals should be revised to provide improved and
expanded troubleshooting procedures. As an aircraft matures
in its operational environment, new problems occur that are
not covered in maintenance manuals. Procedures for trouble-
shooting are developed and used by personnel in the field.
These should be reported, recognized, and distributed Army-
wide for maximum efficiency. New and expanded procedures to
include the maximum use of test equipment should be provided
to naintenance personnel on a timely basis by maintenance
iranual revisions.

Overhaul and repair procedures at depots should be revised to
identify the cause of failure of major components, thus re-
ducing costs by implementing design changes that improve
operational life. If components are being overhauled and
repaired unnecessarily, these procedures should identify the
extent to which this is being done. From this information,
field procedures could be improved to prevent the unnecessary,
no-defect removal and overhaul of costly components,

Test flight by a qualified maintenance pilot should be performed
prior to periodic inspection of an aircraft so that all systems
can be tested to be operational and corrective action taken
during the inspection,
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APPENDIX A
REPETITIVE FAULT-ACTION INCIDENT RECORDS

This appendix provides:
(1) aircraft serial numbers
(2) parts/system listing
(3) number of actions
(4) number of aircraft
(5) actions per aircraft
from DA Form 2408=13 records on:

a. UH=-1H helicopters, Table Al
b, CH~47C helicopters, Table A2

and from Operations Reliability Maintainability Engineering
Program data files on:

Ce. CH-54B helicopter, Table A3

122



evfela] Tl [ T [ |2 NH b # =1l 01  9NI991¥-T0HLNOD 110AD
=13 b AT S o i _ [ . Ej_xqud.._qum.zuudﬁmlﬁ
MMHWW_ ¥ _ T L s : | v w. - EEOI
s . _ . INOHOL INIS
0z e e o " A 1# 2 (3179A2) MS WOJHILNI]
s T TT1 T I SREEEERREE FTERRELE]
ociie| | | SNARSLIREREEn SRARC XONIN033 HOIH-NOILVMBIA|
82 111o8] ..TJ = ! 6] | f2ley (e Lm;ﬁ_m N“m._L HOLIMS/HONNIA0S N3O HOVL- Wl
ez P LT TR L Y L g e
sgiaueensEsEEREREURRERUN N NOIHS13LL0BML NS
o A P DR T DD e T Fdere | VLN N3N
ezl T T T L B mmE e o
A 3 D 3 O O O 0 O ¢ Lel Ll SWalsas 193]
L2 €8 i _ + 1 LH. I [ I | 1% _,|.+m+m W | ~ (9N 37) Tv3S ‘N3 HOVL 2N
geem| Ol T T T T el T T 1 T I2]s. (ONDIV3) W3S X0BHVID NIVW|
L9 v 22| |21 ﬁ '8 a. | ﬁ i __ | B | | 19| (ONINY3T) WIS XOBHYIO o2t
ezers (et et il tibiiited ] wanowes
AN v_d_ S o o e Rl el 1 | i T e ~ [ONINY3T) VIS X0BHV 39 06
gzl e Tzl T T T T...iu. I el 12! 2] 1zl | (@31 1v3sdiEoHoLo8 Nive
Beelail i1 T 1Y TN IT T 1eteiatlzl ~ I081N02 3AIL93 1100
8 6lse| logl ! _ : b bt 1 Talse] Tel ' Tkl (el lels L (3DNNOB) NOLLYHBIA HOLOH |
g sivz| lon | el 1| . el ("] |2] | gf | b 0HLNOD HOLOH TIVL]
®9 6 8s] |12 RE: | HL tlay el 1 otel el Im T ATONYLS/NIVIN-SHOLVHINTD |
gco0z (o | || 400 ) A s ivlzlele] [ ] ¢ AN3W1SNFOV-Wdl HOLO8|
COUNRCENCE RSN EEE R * {1708 10AK)SH0SS105|

s D S| 55 ] B [ CESE S T 1S o e S e SN i . i
FEIRRE R EREE AR EREEHREE AHEHEEEE W3LSAS / 184
m_m_m _mm_mmmm“mmmm_muwmm_mmnimmmmu.mmm
w.ww | 7 | L L] g

HI-HN

SWY04 £1-80%2 WOY4 Q30H0D3Y

SIN3IQIONI NOILOV-LINVS 3AILI13d3Y

Ty TIAVL

122



| 1 TTTIT1 11 - -

o€ 1€ e TT [ A I A L JATVA 3T1EISHIAILYT |
02112 2 _ ' il I emEE I T TI081N02 191-D
oz 12 2 “ T TTT 1 39v9 348NS5S38d 110 INION3
o 1] Tel ¢ 0 ! ] dW31 110 3NI9N3
R I 1 el L] |RREEEEEE 3ATVA ¥V 03378
oc1e 2 aNIT D1 INVHGAH
021z IRE CTHITTUT Tl 40193130 dIHD ¥O10H TIVL |
0z 1|2 E ! 7 ] T T aAnd 1303 |
oz 1lz] T HRE ~ T3Nvd NOILNVD ¥31SVA
o022 v 18 2 L 2 Ll 379vLd3934 1S3101MNVHAAH
s8ziu| et REREREG ] 4av
0212 ] 1 T rET 1 =] -l 1 Y3dAVa HO10Y NIV
0212 1 171 T T T T T 1T T L 7 7 on3swotosvi
02/€l9 I m F] z e NOILVALDV ¥V 3NIT
‘og/ 1€ R T | € o ~'GNI JIL3NSVA Olava
CEES i ! 7 2 T o HOA
CEDE 1] T T i1l 11 BB ONISVHd o/V
DOERORE LI T T T 16l e s| | BB 431-43GNOdSNVAL
ovi e IR h i v| | 39v9 3UNSS3Nd IO XOBHV3IO NYW
gs'el 8] | ﬁ Ilw _ ﬁ. e AI - f:,.i / |1 M [ ~ INIT TO¥INOD HILId
l99lsTee] e ﬂ T , ﬁ; | [s]a vl | 1 01avY W3/3HN
icielee] (81 7 T i s 02 r[, R .111 11m1 m 17T T I-|.| HO1VDIGNI 3anLILLly
oszfolf Jof | | | ] £ LH9IT 710 —X08¥Y39 NIVI
0T 172 | i z 39V1T0AE3A0-A¥311vE
mmwm $33812121888231222212/2212/8/3)2188)88/5 W3LSAS/L¥vd

: is olaleioclaialS ol @ QeI g

N R R

CE2 | | z

DIPRTIUOT ~ |y TIEYT

123



BEiiE] | ' 1] — it o L o IR R - A A ¥3GNOJSNVHL |
E—t — b } ) 5 gt ot 1 R S (R . ———
oL 172 | Do ! | YR P LH917 34NSS34d 10 SNYHL
20 T BRI e . . Tw A - (R H HOLVINWNIIY 1S008 LHOITS |
osiis} ; ' M FE R LA R AR B LNNOW ddv |
L7 R I BB IR COSMT N I NI B svs-d]
06716 i b e TR ey ] ~ 3ATVA ¥D3HD |
gr_s_l_“r A I ! T I | LH9IT MOT 1304
1’8 R T R S SRS A T A Y37 13n3 INI9NG |
ore T T e uissan 0 wosswewwa |
e T T P . 2 C D@l zie 1 ¥37000 dS OIINVEGAH AL1TIAN]|
$2276 | | Cjer e W3ILSAS INDHOL 3NIINI Z ON
SaE NN EE =RRRRS RGN ERE N awowaion]
! : : . fa¥ | 3NIT 15008 LHSIT4 1'ON
T s B B R - P o et SR S I B Y S TR P 39MYHI-38d NOOH 09¥Y?
I e s ey L T I . ¥V31 710 3NIONT |
A O N D T S i Y37 NId FONIH TVDILE3A
TR T AT T wa et TR 40193130 384 INIONI 2 ON |
2 o £ O 5 Y
02z ¢ 21 2 s¥v3173n3
pewie, T -7 "I o T T T 7 £S Ld Ly ¥3A37 NOILIONOD INION3 |
7S 9vE’ AN v I S S T A S S T NOILVHBIA TvH3LV] |
ov £ 2 D 7 T L el ye NOILVY8IA 1€ |
T8 €6 R -3 i | ‘ . _ C”mi NOILYYEIA AON3ND Y IHIIH
£€€ o1] R R i ; . " e lpie  HOLVNINIO |
Me;mr.w_‘_iﬁ SR T R R R ¥0193130 dIHD 3NION3 |
FEal 9333333383383 838883883%] WaLSkS /L
Sy R EE R R
X E SRR IEILE S R 1 zwa_a”- w._mT T
iy t : 1 P ) |
° 32 Edd ] _rLFL.F,L_ 1l _ Ll L1 13
3Lb-HD

SWY04 £1-802 WOY4 Q308003
SIN3GQIDNI NOILOV-11NV4 JAIL1L3d3M “2v TIav-,

124



[ QU

|

+

- ———

o
)

.-

)

onjm'v

o

v

'

4
[

B

olo

|

N T M

.{,

YRGYR LY

|

t
;Tl;
"~

.
.

$

e ——

==y
e e
— e
+ o - =

i By e

ot
|

i

- - e ———d

Wi¥L 033dS
ONINIILS ¥IMOd |

um:mmmma 10 3NIONT |
HOA |

ONINVIT ATEW3ISSY T3AIMS |

YOLOW LHV1S mzazw
ON1 DLLINOVA 0I1QVY

um:;&mwa!u._. 10 wz_ozm
ERL-F-1:] m..:.*xltldl

NOISSINSNYHL OMd
dW3Ll Sv9 Fm".._dtxu

AXvHE hm:t:h
1HO1T zn::qu N

HOLVNLOV N

B 01avH W

wlod|olo'olo
cNjmm N
N[N —

-e
4

B
‘_Q

o
n

1
I

(@]
N

|

I

vl o w|jowm N

|

o)
N

¥

Enonxov W10L

»0061-0L

;

J/W/NOILD

vy

£2061-02

££061-04
109/-89
11111-69
2€861-89 o

4iv 400

12091-89
v 2091-89

~

£0091-89

$v602-1L
$1061-02
§1061-04 |
91061-0Z
GI8G1-n¢
p586-89

3

E

—

81091-89
I€8G1-89
pE8GHEY
6009189
$0091-89

WIN3S /W

—
—_—

'

o

crrreTyr
N ..

_m..._l_..n 15008 |

420 u:u.,_.uL
W1 033dS 14V

N39 HOVL 3NION3 | ON

INISNOH ._....__z..___.td___._. HILlid |
el

W3LSAS Ldvd

125



d el 2 ] 8 ¥31417dWV S5V |
eNE 2 3A1VA 1303
oz v 2 2 £8-NYV ‘SNVH1/43AI303Y
TOE F] X81S-04Y "'SNVHL/¥3IAIFON
THE BB _ £/2] | PEI-0HY ‘SNVHL/H3AI303Y |
2 2|6 i H ele] i€1-08V "SNVHL/ ¥3AI3034
pozi|2| | | . ) | e ) 28-N¥V/ 43A1303¥ 0IQvY
212 i L1 b lel T L m ¥01vN19v 13A37 VOl
ov I | v i T1 1 I [y .QL B ¥3IMO18
2z e T L ! | G | 9n1d NOILINOI
+ i - q o e (SN SRS SN S _q'l.l - —~ ~+ — <4 —4- 4 PR — —

02 1|2 Pl ! H 2 AN311ve
p——t - + L i o . - s t = b— ¢ 4 — —_— — —_— —
'sds [v1] ! ale 2| |s|z 4340 70|
0z 1 N%Lml_fw i s s IS A 0 1R BB ) = ~ WIHS HYW
ceslge] ~ 7 1! g i vlv] Teleplale 2 .L] ) "LH91T NOISI1T1021LNY
o21]z2 B 1 12 1INN NOILINOI
E€ € (o1 2 9|2 ¥O1VIIONI 3N0¥OL |
02 1] 2 L | ¥OLVN1dV 033dS
€ €0l [t £ € ddv ‘¥3ILY¥VIS
oZc |9 T T £l i 173 2 J081INOD 73n3
releln IBEEREEDEREEEI € R dWNd 1SIOH
- . J_x — ﬂ. - « — 4 n+ lﬁll .Iﬂ — - $ - - — ———f — 4 4‘ - e e
02 1|2 4 | RREE dNNd ALITIIN
bvielval | ] 1 DT T e T T el e T X083Y39 NIVW
et S L e R e * } S S e

el L il ! : oy s 951 W |9 _QV3H YO10Y NIVW |
sezler D] 00| TR S 10 O 0 -0 O A - M3dNVO HOLOH NivH
816 6§ e [y . o .6 je] | |9 . 2 3did vl
0212 o T, R T e | 1o 2| ) 437d4n0230
zv/21/0S i Vel ‘gigioiz s 73 9 slelole HOLN1D ddV
>z = B S e sl e e e e i s s e szlzslalz sl Mu —T® - R pea

{

QoS | Pl 2R 2SS wn_wwim 2RSS slalBS W31SAS/1¥vd
nlvﬂ.l ! O Do o®® oo NNININNIN|NIN~NI~NO
= . O vl Nl ialvim oloi@iN|o|rs v —~|oim
Si=8 i _ i )
B3 ! 2
S W | 2

hodd - . \“r - lh. o ~ = lng.Lﬁ. o 1

8vG-HD
SOHOS3H WVHO0Nd IWHO WON4 Q30¥0I3Y )
SINIQIONI NOILOV-1TNV4 JAILIL3d3Y €V ey

126



"GT03INV LS IOH |

 UNN3ILINV

dWY 1NN
 HOLVINWNIIY
3INAOW HILId |

m__u__i INvHE ...._n.-.ﬂt f

=

-

|

- —

]

i g ]
1

F IR - L

—
|

OAH3S SOV |

i Y “ Tl mut_:mzqm._..m_mmmwzn_
HOLIMS 38NSS3nd |

|
] " " i " " - 4 4 " - - e
. ! | dWV 80123130 ut_m

[
s O RS =S AR Kol S o Nt L i e sl

v o o LI L O 80103130 3414
t NHO417 7d MHOM

”¢. f I HOLIMS 3SN3S |

NI i T T T TR 7]

A AN 1 i 'QION310S 1¥V1S)

OAH '3ATYA 03378 |

T i | © ddV'HOLIMS 033dS
tn.._.du__n_zu .__.WE-._
‘ I ._m__,.__EEE:
; W N 110 AT | N39 / HOVL |
L bod soige v 4 By peegede ____3swo3wisund|
| ! DA g R o Wi ¥3L713 7303
& I ; | 0 SN [ M = A ~ 3NION3
A . 0 A | I 1 AR O S | 1IN0 1SNvHX3 3NI9K3
o5 '3 ! t = i Lo e ! 13NVd TOMLNOD SD4V |
NV#Na_I.__. L. + ¥ ¥ - ....I.I..l.l;.l.l..| I_I...|'|+I...|4l. ..Ia..... l.wl:.. |-|;r. B ke migte' —
ad|o = @ ® : lm | @@ | [ =
335 | RN NN W3LSAS/18vd
= O D ® @O oD D@ m J..._._J__....J.J._J__,..J.E
Erin n.ﬁ_n...._a. M e wNow e =Nows(wn ~al
5F13 | RENAE ERER -
o | \ | | | [ [
] i [ | | ] | '
F&w _“uh_h___*_hFEhh_k____.L-h (S
DODRISHCT = gY UV

4041-7

127



