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conclusions and recommendations, with their rationale. Volume II,
"Supplemental Design Guide', contains only those recommendations
which, if implemented, would improve the reliability and maintain-
ability of future-generation Army helicopters.
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an insight into the deficiencies which exist in the requirements
documentation for helicopter electrical systems, and use of the
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This investigation was performed in order to identify deficiencies in military
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copters. The three areas of concern that have impact on helicopter reliability
and maintainability are: design requirements; qualification test require-
ments, procedures, and practices; and quality assurance provisions and re-
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The helicopters selected are the AH-1G Cobra, UH-1D/H Iroquois, OH-6A Cayuse,
CH-47A Chinook, and the CH-54A Tarhe. Schematics of each model helicopter
electrical system were analyzed, and a composite schematic was constructed to
represent all circuits, equipments, and component parts of all models. This
composite schematic provided a baseline system on which to build an electrical
system documentation tree.

Documents were collected from DOD sources, supplemented by information from
manufacturers' drawings and Army maintenance manuals. They were analyzed
for application to the documentation tree and whether they required major
revision, minor revision, deletion, or rewrite. Areas which lacked design
documentation were identified for new documentation requirements.

H Recommendations for new documents and for improvements are identified, and
supplementary information to deficient documents is provided in Volume II of
this report.
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SUMMARY

This investigation was performed to identify deficiencies in U.S, Army
helicopter electrical system documentation. The scope of the effort was
constrained to documentation pertinent to three classes of requirements
which have impact on the reliability and maintainability of helicopters:

(1) design requirements; (2) qualification test requirements, procedures,
and practices; and (3) quality assurance provisions and requirements,

The results of this investigation are contained in two volumes: Volume I -
Document Deficiency Analysis, and Volume II - Supplemental Design
Guide. Figure 1 presents an overview of the total effort and illustrates
the allocation of the various tasks into Volumes I and II,

The first major task was to analyze the electrical systems contained in
the current inventory of U.S. Army helicopters., Five models were
selected as representative of the total family of helicopters: AH-1G,
UH-1D/H, OH-6A, CH-47A, and CH-54A, The equipments that comprise
the electrical system of these helicopters were then aggregated into six
functional categories: alternating current, battery, electrical controls,
external power, direct current, and load circuit,

Within each of the six functional groups, component trees were developed
to establish the dominant/subordinate relationships among them. This
was followed by the development of a baseline electrical system which
presents a composite of the design philosophies of all the Army heli-
copter designers. The development of this baseline system, in turn, is
the basis for the design of the structure of the documentation tree
included in Volume II of this report.

The next major task was to collect and classify over 200 documents, of
which 124 were found to be pertinent; applicable documents were then
evaluated against a structured set of deficiency criteria, and the potential
degree of impact on reliability and maintainability was assessed. Those
documents containing deficiencies with a potential major impact were then
reevaluated to identify the alternative actions that the Army might take to
reduce the impact and then to select the best of the alternatives.

Of the total of 124 pertinent documents, approximately 96 percent were
found to be deficient in the area of reliability requirements, 90 percent
in maintainability reqrirements, and 94 percent in reliability and main-
tainability demonstration requirements.

To correct the identified deficiencies, 5 new documents should be
developed to fill the void in existing documentation. Additionally, 4 of the
existing documents should be deleted. Of the remaining documents, 5
were judged adequate, 76 will require major revisions, and 27 should
require only minor revisions. Sixteen documents are simple hardware
category and were not subjected to an alternative evaluation and selection
analysir
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INTRODUCTION

This investigation was performed in order to:

1. Determine the inherent electrical system documentation
deficiencies that impact helicopter reliability and
maintainability.

2. Improve deficient documents to reflect the U.S. Army
. helicopter operational environments.

Volume I of this report describes the various analytical activities that
b . were performed with the primary intent of identifying the basic relia-
1 bility and maintainability related deficiencies. These activities included:

1 1. Analysis of current-inventory helicopter electrical systems
1 2. Establishment of a baseline electrical system
3. Collection of electrical system documentation

4. Determination if applicable documentation existed for each
electrical system generic classification

5. ldentification of other document sources, i.e., commercial
and manufacturer, where no existing military documentation
was available

6. Performance of document deficiency analysis on all identified
dAscumentation

7. Selection of best alternatives to deficient documents
8. Recommendations for new documents

Volume II of this report is a supplemental design guide (SDG). If pro-
mulgated, the SDG will assist the designer of electrical systems and

i components in improving the reliability, availability, and maintainability
of Army helicopters. The SDG contains a helicopter electrical system

. documentation tree which displays the interstitial relationships of these

' documents in the design of an electrical system.
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DERIVATION OF BASELINE ELECTRICAL SYSTEM

One objective of this investigation has been to develop a supplemental

design guide (SDG). When implemented, this guide will serve to aug-

ment existing'electrical’ system docunentation’in order to ensure that

the reliability and maintainability of future electrical systems will not
be degraded due to documentation deficiencies. It should be noted that
in this context, documentation deﬁciency means either madequate or

nonexistent documeutl.

In order to provide an SDG of maximum use to the Army, the particular
design philosophies ‘of each of the: existing helicopter suppliers must be
considered. 'The baseline electrical *éy-tetn has been derived to satisfy
this-Pequirement. ' This baseline systeri is a tomposite design of all
existing Army helicopter suppliers and therefore includes all of the
generic typewof corhponénts and fiinctions represénted by them.

The existing helicopter'electrical systems used to develop the baseline
system are shown in Table 1.
e

ALY
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TABLE L., REPRESENTATIVE ARMY HELICOPTERS .

Popular | ) | - Typical
D“‘{{‘,"_"‘“ ; Ngme J U .' | 'L/Ehgufoctt‘rrer - Sl Mjs_sioh Usage
AH-1G Cobra Bell Helicopter Company | Att;ck" |
UH-lﬁ/H ! 'I'r'roquoﬁ Bell I-iel;eo;te;' ‘Company - Utility
OH-6A Cayuse . Hughes Tool Compaay; . Observation
CH-47A Chinook Vertol Divisigh = ..; ... .. Cargo/Transport

The Boeing Company

Y hed) 3}

CH'-?‘;Q}’ Tarh? ISiqupkx Au‘gr#t Diyiugon - Cargo/ Tranlport
viedi ';otT.;., nises hos YL nit,d fsirCi'Af; gqrﬂ

J

Fodide 1§ i PRI [r
The heSEt’ntep in the ‘baoeline pyl't;em waq.tq[egg;qgate thq electrical l)'l-
tem into functional categories. The categories selected were:

e Alternating Current Circuit — Equipment whose function is
to generate and control alternating current within the electrical
system,

e Battery Circuit — Equipment, including batteries, whose

function is to distribute stored electrical energy within the
electrical system,
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e Electrical Controls Circuit — Equipment whose function is
to select and protect electrical circuits.

e External Power Circuit — Equipment whose function is to
receive externally provided electrical power for ground

operation,

e Direct Current Circuit — Equipment v]Gse fuuction is to
generate and control direc Peu: thin the electrical
system,

e Electric Load Circuit — Equipment whose functions are to
control trim actuation, lighting, fire warning, instrumentation,
weapons subsystems, communications, navigation, heating,
and emergency equipment,

Figures 2 through 5 are the schematics of the AH-1G electrical subsystem
reproduced from TM 55-1520-221-20, dated 10 September 1971 which
were used to categorize the electrical subsystem into the functional
groups previously described. Following this aggregation, a component
'"tree' is developed wherein each of the five functional groups is broken
down into equipment and the component parts which comprise them, This
tree format is a prerequisite to the development of the documentation tree
wherein all pertinent documentation is ordered from the system down to
the piece-part level. The AH-1G electrical subsystem tree is illustrated
in Figure 6.

In similar fashion, the UH-1D/H schematics reproduced from TM 55-
1520-210-20, dated 7 May 1969 are presented in Figures 7 through 10

and its tree is illustrated in Figure 11, The OH-6A schematic reproduced
from TM 55-1520-214-20, dated 18 July 1969 and tree are shown as
Figures 12 and 13 respectively, Figures 14 and 15 present the CH-47A
electrical schematics reproduced from TM 5£-1520-209-20, dated

29 May 1968, while the tree is shown as Figure 16, The CH-54A
schematics reproduced from TM 55-1520-217-20-1/2, dated 24 April
1969, are provided in Figures 17 and 18 and the tree in Figure 19,

Upon completion of the five electrical system trees, a composite
electric system tree was developed. This baseline system tree,
illustrated in Figure 20, was then used as the basis for the electric
system documentation tree presented in Volume II of this report.

B e e
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UH-1D/H External Power Circuit Schematic.
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DOCUMENT CLASSIFICATION

During the electrical system documentation investigation, over 200
documents were identified, collected, sorted into generic classification
groups, and analyzed for applicability to the Army helicopter electrical
system. Appendix I lists those documents examined during this investiga-
tion, Of these 200 documents, 124 were determined to be applicable to
one or more of the 5 representative helicopter types, The remaining
documents were judged to be inapplicable to any of the representative
helicopter types.

The documents examined were identified from the following sources:
1. Helicopter Technical Manuals (TM's)
2. Department of Defense Index of Specifications and Standards
3, Airframe manufacturers and component suppliers

4, U,S. Army Aviation Systems Command (AVSCOM), St. Louis,
Missouri

5. Manufacturers' detailed design specifications for the CH-47A
and CH-54A

HELICOPTER TECHNICAL MANUALS

Following compilation of all pertinent documentation, the TM's applicable
to the AH-1G, UH-1D/H, OH-6A, CH-47A, and CH-54A helicopters were

reviewed to identify and classify each of the electrical system components.

Table II lists the TM's that were utilized.

The helicopter repair parts manuals were used as the source documents
for the applicable components list. These included:

1. AH-1G - TM 55-1520-221-20P
- TM 55-1520-221-34P-1

2. UH-1D/H - TM 55-1520-210-20P-2
- TM 55-1520-210-34P-2

3. OH-6A - TM 55-1520-214-20P
- TM 55-1520-214-35P

4, CH-47A - TM 55-1520-209-20P
- TM 55-1520-209-34P-2

5. CH-54A - TM 55-1520-217-20P-2
- TM 55-1520-217-35P-2
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TABLE II,

Designation

APPLICABLE HELICOPTER TECHNICAL MANUALS

Technical Manuals

AH-1G

UH-1D/H

OH-6A

TM 55-1520-221-20, '""Organizational Maintenance
Manual, Army Model AH-1G Helicopter, ' dated
10 September 1971

TM 55-1520-221-20P, ''Organizational Maintenance
Repair Parts and Special Tools List, Helicopter,
Attack - AH-1G (Bell), ' dated 1 June 1971

TM 55-1520-221-34, "DS and GS Maintenance
Manual, Army Model AH-1G Helicopter, ' dated
27 August 1971

TM 55-1520-221-34P-1, '""DS, GS and Depot Mainte-
nance Repair Parts and Special Tools List,
Helicopter, Attack - AH-1G (Bell)," dated

June 1971

TM 55-1520-210-20, ''"Organizational Maintenance
Manual: Army Model UH-1D/H Helicopter, ' dated
7 May 1969

TM 55-1520-210-20P-2, "Organizational Mainte-
nance Repair Parts and Special Tools List, Heli-
copter, Utility-Tactical Transport, UH-1A, UH-1B,
UH-1C, UH-1D, UH-1H (Bell)," dated April 1971

TM 55-1520-210-34, "DS and GS Maintenance
Manual, Army Model UH-1D/H Helicopter, ' dated
10 September 1971

TM 55-1520-210-34P-2, "DS and GS Maintenance
and Repair Parts and Special Tools List, UH-1B,
UH-1C, UH-1D, UH-1H, UH-1M (Bell)," dated
December 1971

TM 55-1520-214-20, '"Organizational Maintenance
Manual, ' dated July 1969

TM 55-1520-214-20P, '""Organizational Maintenance
Repair Parts and Special Tools List,' dated
May 1971
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TABLE II - Continued

Designation

Technical Manuals

CH-47A

CH-54A

TM 55-1520-214-35, "DS, GS, and Depot Mainte-
nance Manual, " dated July 1969

TM 55-1520-214-35P, '"DS, GS, and Depot Mainte -
nance Repair Parts and Special Tools List,'" dated
May 1971

TM 55-1520-209-20-2, '"Organizational Maintenance
Manual, Army Model CH-47A Helicopter,' dated
May 1968 '

TM 55-1520-209-20P, '"Organizational Maintenance
Repair Parts and Special Tools List, Helicopter,
Cargo Transport, CH-47A, CH-47B, CH-47C
(Vertol), ' dated August 1971

TM 55-1520-209-35-2, "DS, GS and Depot Mainte -
nance Manual, Army Model CH-47A Helicopter, "
dated May 1968

TM 55-1520-209-34P -2, ""'DS and GS Maintenance
Repair Parts and Special Tools List, Helicopter,
Cargo Transport, CH-47A, CH-47B, CH-47C
(Vertol), " dated August 1971

TM 55-1520-217-20-1/2, ""Organizational Mainte -
nance Manual, CH-54A Helicopter,' dated
April 1969

TM 55-1520-217-20P-2, "Organizational Mainte -
nance Repair Parts and Special Tools List,
Helicopter, Cargo Transport, CH-54A, CH-54B
(Sikorsky), ' dated July 1971

TM 55-1520-217-35-1/2, "DS, GS and Depot
Maintenance Manual, CH-54A Helicopter,' dated
April 1969

TM 55-1520-217-35P-2, '"DS, GS and Depot
Maintenance Repair Parts and Special Tools List,
CH-54A (Sikorsky)," dated 23 April 1969

— a—— —

——— —— aemec——
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Each component identified pertaining to the helicopter electrical system
was identified by military standard (MS) number. Each standard was
reviewed to determine if the standard was currently active for new designs
or had been deemed inactive, cancelled or obsolete. These MS's were
further reviewed to determine the military or federal specification that
governs the design, testing, quality assurance requirements and provi-
sions of the identified component, Each identified standard was then
numerically sequenced and listed in Table III, This table displays the
MS number, title, whether inactive, cancelled or obsolete for the new
designs (indicated by an asterisk following the title), governing military
or federal specification,and helicopter applicability, This latter catego-
rization provides a ready cross-reference as to standardization of
electrical systems component designs.

DEPARTMENT OF DEFENSE INDEX OF SPECIFICATIONS AND
STANDARDS

The electrical system components identified during the analysis of the
helicopter TM's were then used as the basis for research of the DODISS
for applicable electrical system and component specifications. The
alphabetical DODISS was surveyed to determine all military and federal
specifications and standards applicable to that generic component type.

Some military specifications were noted to be interim specifications, as
indicated by two zeros preceding the basic specification number. One
such example is MIL-C-005015F (Navy), entitled, ''Connectors, Electric,
AN Type, General Specification For'. The following legend is on the
title page of this particular interim specification:

""This limited coordination Military specification has been
prepared by the Naval Air Systems Command based upon
currently available technical information, but it has not
been approved for promulgation as a coordinated revision
of Military Specification MIL-C-5015D. It is subject

to modification. However, pending its promulgation as a
coordinated Military specification, it may be used in
procurement, "

In such instances, both the basic and interim documents were examined
for possible applicability, Additionally, all processes, practices and
procedures applicable to the design, quality assurance and testing of
electrical and related systems were identified in the DODISS,

U.S. ARMY AVIATION SYSTEMS COMMAND

Design data were also sought from the U,S. Army Aviation Systems
Command (AVSCOM), St. Louis, Missouri, for those component types
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for which applicable military specifications could not be identified.
These data were supplied in the form of microfiche transparencies
from which the military specifications used in some part of the design
process were identified.

MANUFACTURERS' DETAILED DESIGN SPECIFICATIONS

Detailed design specifications for the Boeing-Vertol CH-47A and
Sikorsky CH-54A helicopters were reviewed to ascertain all military
specifications and standards used in the design of these helicopters.

DOCUMENTS NOT APPLICABLE

All documents that were reviewed but considered to be inapplicable to the
design of Army helicopter electrical systems are shown as Appendix II,

Rationale is provided for the inapplicability of each document so classified.

Documents which impact the design of helicopter electrical systems but
are not considered to be electrical system documents are shown as
Appendix III. These documents are applicable to aircraft hardware,
processes, packaging and inspection procedures. Aircraft piece part
hardware, i.e., grommets, boots, clamps, etc., and testing documents
were only analyzed in a cursory manner, as they are not amenable to the
imposition of reliability and maintainability requirements. These docu-
ments are shown on the documentation tree, Volume II of this report.
The inspection, packaging, and process documents also were only
analyzed in a very cursory manner. These documents should be included
at the aircraft level documentation tree analysis because of their inherent
interrelationship with all the aircraft subsystems, i.e., electrical,
hydraulic, flight control, etc.
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TABLE III., ELECTRICAL SYSTEM DOCUMENTATION

Applicable Helicopter
Military Standard MIL-Spec Applicability
CH- CH- UH- AH- OH-

Number Title Number 47A 54A 1D/H 1G 6A

AN735 Clamp, Loop-Type - - - - X -
Bonding

AN737 Clamp, Hose, MIL-C-6985 - - - X -
Aircraft

AN742 Clamp, Plain, MIL-C-8603 - - - X -
Support, Loop-
Type, Aircraft

AN743 Bracket, Support - - - - X -
Clamp

AN2552 Receptacle - MIL-C-7974 X X X X X
External Power,
28 Volt DC

AN3<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>