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This investigation is one of a series being conducted by the
Eustis Directorate, U. S. Army Air Mobility Research and Devel-
opment Laboratory, to improve maintainability characteristics
of future helicopter designs. The specific objective of this
effort was to investigate the problems associated with field
level repair of selected major dynamic components and, subse-
quently, to develop design concepts that would reduce or elimi-
nate repair difficulty.

This Directorate concurs in the findings presented herein and
recommends the results be used to establish future qualitative
maintainability design requirements. Furthermore, the problem
analyses described in the report provide an excellent source of
data for use in the maintainability design reviews. Because
the ferrofluidic seal concept investigated under this program
is considered to offer noteworthy potential for elimination of
many gearbox seal problems, this Directorate is currently plan-
ning to evaluate the concept in the near future.

Mr. John Ariano, Military Operations Technology Division,
served as technical monitor for this contract.
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PREFACE

This report was prepared by Kaman Aerospace Corpcoration of
Bloomfield, Connecticut, for the Eustis Directorate, U. S. Army
Air Mobility Research and Development Laboratory (USAAMRDL),
Fort Eustis, Virginia, under Contract DAAJ02-75-C-0029. Mr.
John Ariano was the Contract Technical Monitor for the Army.

The principal design investigative work was conducted by

Mr. Charles Wirth of the Kaman technical staff. Many other
members of the Kaman staff contributed significantly to the
program; the authors wish to acknowledge, especially, Messrs.
R. Bossler, G. Lubben, E. Sorant and R. Hintermister.
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INTRODUCTION

BACKGROUND

Maintenance problems with the Army's helicopter fleet are being
studied as part of an ongoing program of the Eustis Director-
ate, USAAMRDL, aimed at improving the maintainability of future
aircraft. It is the objective of this program to identify the
characteristics of the present~day design contributing to the
high man-hour cost of maintenance and to develop concepts and
principles for improved designs of the future. This report
covers the third of Lhree related studies completed under this
program.

Under Contract DAAJO2-72—C-00651, the first of the three
studies, an analysis was made of the maintainability character-
istics of major helicopter components. Based on examinations

of historical data on six different helicopter models and exten-
sive interviews with Army field personnel, maintenance tasks
consuming large numbers of man~hours in the field were identi-
fied. It was determined that the preponderance of maintenance
time is involved with the removal and installation of these
components, and further analysis was directed toward assessing
the contribution of specific tasks (fault isolation, access,
buildup, etc.) to the total man-hours consumed. Comments
received from Army field personnel, together with step-by-step
analysis of maintenance procedures, disclosed areas of component
installation design causing difficulty with the removal and
installation tasks. Using the knowledge acquired from the
study, a checklist for the maintainability analysis of future
helicopter designs was prepared.

The maintenance difficulties causad by the design of major com-
ponent installations in current-inventory Army helicopters were
examined further in the second of the three studies, conducted

1. Cook, T. N., Young, R. L., and Starses, F. E., MAINTAIN-
ABILITY ANALYSIS OF MAJOR HELICOPTER COMPONENTS, Kaman
Aerospace Corporation; USAAMRDL Technical Report 73-43,
Eustis Directorate, U. S. Army Air Mobility Research and
Development Laboratory, Fort Eustis, Virginia, August 1973,
AD 769941.
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under Contract DAAJ02-73—C—00822. Recommendations, involving

both improved applications of current technology and new engi-
neering concepts, were developed for the design of future air-
craft. Each of the new design concepts was subjected to a
trade-off type of analysis in which the expected gains of the
design were weighed against its potential penalties. Such fac-
tors as stress, weight, cost and performance were considered.

PROGRAM OBJECTIVES

The third study, the one covered by this report, has followed
a similar line of investigation to examine another important
aspect of the maintainability problem, that of major component
repair in the field. Nine generic helicopter components were
specified by the Army for inclusion in the study:

1. Main Transmission (Aft/Forward/Combining)

2. Intermediate Gearbox

3. Tail Rotor Gearbox

4. Main Rotor Hub

5. Tail Rotor Hub

6. Swashplate and Support Assembly

7. Hydraulic Servo Actuator

8. Starter Generator/DC Gernerator/AC Generator

9. APP/APU Systems
Each of the nine generic component types was to be analyzed to
determine deficiencies in the design for repair as applicable
to the following current-inventory Army helicopters:

1. UH-1 Utility

2. AH-1 Attack

2. Cook, T. N., Starses, F. E., and Haire, G. W., ARMY AIR-
CRAFT SUBSYSTEM AND COMPONENT INSTALLATION DESIGN INVESTI-
GATION, Kaman Aerospace Corporation, USAAMRDL Technical
Report 75-7, Eustis Directorate, U. S. Army Air Mobility
Research and Development Laboratory, Fort Eustis, Virginia,
February 1975, AD A007245.
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3. OH-6 Observation

4. OH-58 Observatiou
3. CH-47 Cargo
6. CH-54 Heavy Lift

Repair, as defined by the Army, was to include all actions
requiring some disassembly of the component, exclusive of its
removal from and installation into the aircraft. As such, it
excluded repair tasks involving only an adjustment or alignment
(tightening loose hardware, for example) and repair tasks in
the nature of rework, such as corrosion treatment and
repainting. It also excluded actions involving the complete
rebuilding or overhaul of the component. Component repair
tasks were to be evaluated at the three levels of maintenance
below Depot:

1. Organizational

2. Direct Support

3. General Support
The Army required that the significantly occurring repair
actions on each component be analyzed to identify the meaning-
ful elements of the repair task and the percentage of repair
time attributable to each element. Task elements were *to
include:

1. Fault Isolation

2. Inspection (In-process and Final)

3. Repair (Disassembly and Reassembly)

4. Adjustment, Alignment, Tracking, etc.

5. Servicing, Lubrication, etc.

Factors found to be contributing to the time required fror
repair were also to be identified.

Upon completion of the repair task analysis and problem identi-
fication, recommendations for improving the design of future
aircraft were to be developed. These were to include, as
appropriate, solutions available through improved applications
of current technology, as well as new engineering concepts and
principles. Deficiencies for which the study of new design
concepts was recommended were to be ranked in terms of:

16




1. Improvement potential

2. The probability that an acceptable concept could
be developed

3. The estimated cost (in time and manpower) required
to develop the concept

On the basis of this ranking, the Army selected design concepts
to be investigated in the final task of the study. Insofar as
possible, concepts were to be directed toward the design of gen-
eric components and future aircraft, rather than toward specific
problems with present-day aircraft and components.

TECHNICAL APPROACH

The study was conducted in two phases: Phase I was devoted to
assessing repair problems in the field and to associating these
problems with deficiencies in component design. Field surveys
were conducted to gather data for the study. The collected
data was analyzed to single out the significantly occurring
repair actions, to identify problems in design, and to classify
these problems for further study. After completing the problem
analysis task and documenting the results, solutions available
through applications of current design technology were identi-
fied. Problems in component repair showing potential for
improvement via design study were listed, ranked and submitted
for Army approval.

Phase II of the program, which comprised the major contractual
effort, was devoted to a study of the six most promising problem
areas selected by the Army. The Phase IT effort initially
involved an exploratory period during which a number of candi-
dates were developed for each of the six problem areas. Those
appearing to offer the most improvement potential were devel-
oped more completely and documented. The final task of Phase

II involved an engineering critique in which the effect of each
concept on maintenance, reliability, stress, weight and cost

was considered.

ORGANIZATION OF THE REPORT

The first section of the report describes the study guidelines
and methods of analysis. A summary of the major results and
conclus ons follows. The main body of the report is organized
into ni..e sections, each covering a generic parts group found
to be significant from the standpoint of the number of man-
hours it consumes in repair and/or the number of repair prob-
lems reported by the Army personnel in the field. Each of
these sections reviews the collected repair time data and the
comments received during the field surveys. Recommended

17




improvements falling within the definition of current tech-
nology solutions are integrated with the discussion of repair
problems. For those generic parts groups selected for study
in Phase II, a discussion of design concepts completes the
section. Conclusions and recommendations are made at the end
of the report. An appendix presents the complete tabulated

results of the field surveys.
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STUDY METHODS

PROBLEM IDENTIFICATION AND ANALYSIS

Most of the effort in Phase I was devoted to identifying and
assessing repair problems in the field and associating these
problems with deficiencies in component design. Field surveys
were conducted to gather data for the study. The collected
data was analyzed “o single out the significantly occurring
repair actions, to identify problems in design, and to classify
these prcblems for further study.

LEVEL OF REPAIR ANALYSIS

Preparatory to making the field surveys, research was conducted
to determine the types of repairs authorized for each component
and the levels of maintenance at which repair is permitted.

The first step was to review the Maintenance Allocation Chart
(MAC) for the aircraft to determine the level of maintenance
performing general repair of each component. Because the MAC
charts do not specifically identify the types of repairs
allowed, it was necessary to consult other references for this
information.

The maintenance manuals for the aircraft (-20, -34, -35) were
researched to locate instructions for repair. The presence of
repair instructions in the manual was taken to indicate that

the repair was, or could be, performed at that level of main-
tenance. (It was learned, subsequently, that this is not always
the case.) When instructions for repair were located, the pages
of the manual were reproduced, along with relevant figures, and
filed in a data book for that aircraft. This data, properly
indexed and highlighted, was used as a reference source during
the field interviews, avoiding the need to refer to the manuals
when information was needed.

The final task in preparation for the field surveys was to
record in the survey forms (shown and discussed in the next
section) each repair task, identified via the data search, and
its level of maintenance. Thus, at the start of each survey,
the interviewer was prepared with a list of repair tasks to be
discussed, by aircraft model and component, and had available
to him the necessary reference material.

FIELD SURVEYS

Four Army maintenance field activities, performing Organiza-
tional, D. S. and G. S. maintenance on the six helicopter
models, were visited. Table 1 lists the maintenance units
surveyed and the aircraft and maintenance levels covered.
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3 % TABLE 1. FIELD SURVEY SCHEDULE
|
No. of
Persons
Maint. Inter-
Dates Location Unit Model Levels Subsystem viewed
May Ft. Eustis, AMTD, 2nd Staff OH-6 ORG/ Rotors 5
5-9 Virginia and Faculty Co. OH-58 D. S. Power train
CH-47 Electrical
355th Aviation Co. CH-54 ORG/ Rotors 1
0. S. Power train
Electrical
Ao PRpPL
A/C Repair Section OH-6 ORG/ 5
Consolidated 0H-58 DS,
Maint. Office CH-47
June Ft. Sill, 273rd Aviation Co. CH-54 D. S./ Rotors 3
2 Okla. G. S. Power train
Electrical
A, P. P.
June Ft. Hood, "C" Co., 34th Supt. UH-1 ORG/ Rotors 6
3-5 Texas 6th ACCB AH-1 DERS, Power train
CH-47 Jlectrical
Hydraulics
A. P. P.
"D" Co., 34th Supt UH-1 ORG/ Rotors 4
6th ACCB AH-1 Dis 9 Power train
Electrical
Hydraulics
A. P. P.
528th Transp. Co., UH-1 G. S. Rotors 6
15th Support Brigade AH-1 Power train
CH-47 Electrical
Hydraulics
July Ft. Campbell, 507th Transp. Co., UH-1 0. Se Rotors 5
8-10 Kentucky 5th Transp. Bn. AH-1 Power train
OH-58 Electrical
§ CH-47 Hydraulics
A, PP
"A" Co., 5th Transp. UH-1 ORG/ Rotors 6
Bn. AH-1 D3 Se Power train
OH-58 Electrical
CH-47 A Ps P
g i "B" Co., 5th Transp. UH-1 ORG/ Rotors 3
3 8n. AH-1 D. S. Power train
OH-58 Electrical
CH-47 Hydraulics
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Ten separate maintenance organizations were visited and forty-
four maintenance personnel were interviewed. Each aircraft was
surveyed at least twice. Twelve days were spent in the field
conducting the surveys.

FIELD SURVEY METHOD

It was requested that each interview session be attended by
two or more senior level maintenance people who were presently
working as mechanics or line supervisors. The desire to have
at least two people present at the interview came from the
recognition that most of the data being sought would be in the
nature of estimates or opinions. Having more than one person
responding to questions enabled the interviewer to average
estimates or to ask that a question be reconsidered when
responses differed greatly. Often, when differences in opinion
did arise, the people being interviewed would discuss the task
and, in the process of discussion, refresh faulty memory or
correct mistaken judgements to arrive at a response reascnable
to both.

While it was not always possible to obtain all senior level
people for the interviews, at least one attended each inter-
view. Although his presence would sometimes cause the less
experienced people attending the session to be cautious with
their responses, it tended also to balance the responses and
provide greater confidence in the estimates being given. Actu-
ally, the opinions of junior level people often added valuably
to the interview. This was particularly true during that part
of each interview when the respondents were asked to express
opinions on problems in design they felt contributed to making
a repair task difficult. Frequently, the more experienced and
proficient mechanic, having lived with a poor design for many
years, would be less inclined to regard it as a problem than
one who had only recently been exposed to it. (This will be
commented upon further in the discussion of the field survey
results.)

The final criterion for selecting maintenance people for the
interview, that they be working mechanics or line supervisors,
was established so that administrators, not recently exposed
to maintenance problems directly, would not be included. It
was felt that the best results would be obtained from people
who were currently engaged in maintenance work.

Figure 1 is a sample of the form used to record data for the
field interviews. As mentioned earlier, the repair tasks
authorized for each component, as derived from review of the
manuals, were listed on the form in preparation for each survey.
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The first step of each interview was to review the list of
repair tasks and to obtain confirmation that these tasks were
indeed being performed. As later discussion will bring out,

a surprising amount of disagreement was found between the
repairs authorized by the MAC charts and technical manuals and
the work actually being done in the field. Tasks were deleted
from or added to the list, based on the repair work being per-
formed at that activity.

The interviewer then proceeded through the list of tasks, asking
for estimates of repair frequency and time for each task. 1In
formulating the interview procedure, considerable thought had
been given to devising a way for maintenance people, who are

not accustomed to thinking in statistical terms, to make reason-
able estimates of repair frequency. (Field data does not pro-
vide information this specific.) It was desired, ultimately,

to obtain these estimates in terms of aircraft flight-~hours,

but it was judged to be impractical to solicit such rates
directly from maintenance people who, ordinarily, are not
required to relate the tasks they perform to the hours flown by
the aircraft they maintain. 1Instead, it was asked that the
interviewees estimate the number of times that they personally,
or the group they supervised, had performed a given task in the
last year. It was found that maintenance people were able to
estimate in these terms and that, when two or more people were
asked for the same estimate, good agreement was usually
obtained.

Before concluding, the interviewer asked for data on numbers
of aircraft being supported by that maintenance organization
and the average monthly utilization of those aircraft over the
past year. Information on the numbers of aircraft was readily
available locally, as was utilization data, in most cases. 1In
those few instances where utilization data was not available
locally, fleet-wide averages obtained from AVSCOM published

data3 was used. (The method used to translate per year repair
t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>