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investigation was based on the conclusions of USAAMRDL Technical Reports
73-29, "U. S. Amy Helicopter Hydraulic Servocylinder Reliability and
Maintainability Investigation," and 73-35, "U. S. Army Helicopter Rod
End Bearing Reliability and Maintainability Investigation." Those
studies concluded that document deficiencies were contributing signifi-
cantly to poor reliability and maintainability (R&) characteristics of
U. S. Army helicopter hydraulic servocylinders and rod end bearings.

This report presents the results of an effort to identify and recommend
corrections to deficient documents used to specify design and test
requirements and quality assurance provisions for hydraulic systems of
Army aircraft. However, hydraulic system complexity and diversity
precluded, from a cost and time standpoint, an in-depth assessment of
failure and maintenance data to support the recommended document
changes. Rather, a subjective approach was used which was based
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nonexistent, or inadequate documents relating to Army aircraft hydraulic
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Both volumes of this report are considered to be technically sound.
The Project Engineer for this contract was Donald R. Artis, Jr., of the

Reliability and Subsystems Technical Area, Military Operations
Technology Division, Eustis Directorate.

%



Task 1F162205A11903
Contract DAAJ02-73-C-0013
USAAMRDL Technical Report 73-63A

September 1973

U,S. ARMY HELICOPTER HYDRAULIC SYSTEM
RELIABILITY AND MAINTAINABILITY INVESTIGATION

VOLUME 1

DOCUMENT DEFICIENCY ANALYSIS

Final Report

Systerns Associates, Inc, Tieport 73-005

By

James L, Huffman

Prepared by

Systems Associates, Inc,
Long Beach, California

for

EUSTIS DIRECTORATE
U.S. ARMY
AIR MOBILITY RESEARCH AND DEVELOPMENT LABORATORY
FORT EUSTIS, VIRGINIA
(X
Il

[Approved for public release; distribution unlimited;]




SUMMARY

l'his investigation was verformed to identify deficiencies in

U.S. Army helicopter hydraulic system documentation, The scope

of the effort was constrained to documentation pertinent to three

classces of requirements, which impact the reliability and maintain-
ability of Army helicopters: (1) design requirements; (2) qualification
test requirements, procedures, and practices; and (3) quality assurance
requirements and provisions,

The results of this investigation are contained in two volumes:
Volume I - Document Deficiency Analysis, Volume II - Supplemental
Design Guide. Figure | 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 hydraulic systems contained in the
current inventory of U,S, Army helicopters., [Four models were selected
as represcntative of the total family of helicopters: All-1G, UH-1D/H,
CH-47A, and CH=54A, The components that comprisce the hydraulic system
of these helicopters were then aggregated into three functional

catcgories: control components, actuation components, and pressure
components,

Within cach of the three functional groups, component trees were then
developed to establish the dominant/subordinate relationships among
them, This was followed by the development of a bascline hydraulic
system which represents a composite of the design philosophies of all the
Army helicopter suppliers, The development of this bascline 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 104 were found to be pertinent, The applicable documents were
then tested against a structured set of deficiency criteria, and the

potential impact on reliability and maintainability was asscssed, 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 104 pertinent documents, about 67 percent were found
to be deficient in the arca of reliability requirements, 71 percent in main-
tainability requirements, 70 percent 1n reliability demonstration require=
ments and 68 percent in maintainability demonstration requirements,

To correct the identified deliciencies, 17 new documents should be
developed to cover the identificd gaps in existing documentation, In
addition, 8 of the existing documents should be deleted, Of the remain-
ing documents, 76 require major revisions, 3 were judged adequate, and
17 should require only minor revisions to remove cexisting deficiencies.,
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INTRODUCTION

This investigation was performed in order to:

I,  Dctermine the inherent hydraulic system documentation
deficiencies that impact helicopter reliability and maintain-
ability,

2. Improve deficient documents to reflect the U, S, Army heli-
copter operational environments,

The words "documents and documentation' will be used only when referring
to military standards, specifications, or handbooks, U,S, Army technical
manuals, and Federal Standards. Volume I of this report describes the
various analytical activities that were performed with the primary intent
of identifying the basic reliability and maintainability related document
deficiencies relative to Army helicopter hydraulic systems, These
activities included:

1. Analysis of current=inventory helicopter hydraulic system
2. Establishment of a baseline hydraulic system
3, Collection of hydraulic system documentation

4, Determination if applicable documentation existed for cach
hydraulic system generic classification based on descriptions of
hydraulic (TM) 55-409, "Fundamentals of Aircraft Hydraulics, "
dated May 1971

5., Identification of other document sources, i,c¢., commercial
and manufacturer, where no existing military documentation
was available

6. Performance of document dificiency analysis on all identified
documentation

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

Volume II of this report is a supplemental design guide (SDG), I
promulgated, the SDG will assist the designer of hydraulic systems
and components in improving the reliability, availability and maintain-
ability of Army helicopters, The SDG contains a helicopter hydraulic
system documentation tree which displays the interstitial relationships
of these documents in the design of a hydraulic system,



DERIVATION OF BASELINE HYDRAULIC 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 hydraulic system documentation in order to ensure that
the reliability and maintainability of future hydraulic systems will not be
degraded due to documentation deficiencies, It should be noted that in
this context, documentation deficiency means either inadequate or non=
existent documents,

In order to provide an SDG of maximum utility to the Army, the particular
design philosophies of ecach of the existing helicopter suppliers must be
considered, The baseline hydraulic system has been derived to satisfy
this requirement, This baseline system is a composite design of all
existing Army helicopter suppliers and thercfore includes all of the
generic types of components and functions represented by them,

The existing helicopter hydraulic systems used to develop the baseline
system are shown in Table I,

TABLE I, REPRESENTATIVE ARMY HELICOPTERS

Popular Typical
Designation Name Manufacturer Mission Usage
AH=-1G Cobra Bell Helicopter Company Attack
UH=-1D/H Iroquois Bell Helicopter Company Utility
CH-47A Chinook Vertol Division = Cargo/Transport

The Boeing Company

CH=-54A Tarhe Sikorsky Aircraft Division = Cargo/Transport
United Aircraft Corporation

In addition to the three manufacturers shown in Table I, the Hughes Tool
Company supplies the OH=6A helicopter to the Army, Because the
OH-6A has only a self=containcd one=way-locking hydraulic actuator and
not a complete hydraulic system, it was excluded from the derivation of
the baseline system,




The next step in the baseline system derivation was to aggregate the
hydraulic system components into functional categories. The categories
selected were:

e Control Components - Those components whose function is to
control one or more other components within the hydraulic
systems,

e  Actuation Components — Those components whose function is to
transfer hydraulically boosted energy to one or more other
components,

e Pressure Components = Those components whose function is to
generate or to store hydraulic energy, Also included are com-
ponents which connect to external hydraulic pressure and storage
sources,

Figure 2 is the schematic of the AH=-1G hydraulic system reproduced from
TM 55-1520-221-20, dated 10 Scptember 1971 which was used to

categorize the hydraulic components into the functional graphs previously
described., Following this aggregation, a component '"tree" is developed
wherein each of the three functional groups (control, actuation and pressure)
is broken down into equipments and the components which comprise them,
This tree format is a prercquisite to the development of the document-
ation tree wherein all pertinent documentation is ordered from the system
down to the piece=part level, The AH=1G hydraulic system block diagram
trce is illustrated in Figure 3.

In similar fashion, the UH-1D/H schematic reproduced from TM 55-1520-
210-20, dated 7 May 1969 and block diagram tree are illustrated in
Figures 4 and 5 respectively, The CH-47A schematic reproduced from
TM 55-1520-209-20, dated May 1968 is presented in Figures 6 through

10 and its block diagram tree in Figure 11, Figures 12 through 14
illustrate the CH-54A schematic, reproduced from TM 55-1520-217-20,
dated April 1969 while its block diagram tree is presented in Figure 15,

Upon completion of the four hydraulic system trees, a composite or base-
line hydraulic system block diagram tree was developed, Generic
classifications were used to identify the subsystems and components in
this baseline system, These generic classifications are based on
descriptions of hydraulic components and subsystems outlined in

TM 55-409, "Fundamentals of Aircraft Hydraulics', This baseline
hydraulic system tree, illustrated in Figure 16, was then used as the
basis for the hydraulic system documentation tree presented in Volume II
of this report,
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Check valve

Check valve

Pressure switch
Jacking valve (right)
Check valve
Kneeling valve (right)
Relief valve
Restrictor

Kneeling valve (left)
Check valve

Check valve

Jacking valve (left)
Pressure reducer

52,
53.
54,
35,
56.
57,
58.
59.
60,
61.
62,
é3.
64.
65.
66.

é7.
68.
69.
70,
7] .
72,
73,
74,
75,

76.

Restrictor
Reservoir

Gage
Accumulator
Temperature bulb
Relief valve
Restrictor

Check valve
Check valve
Pressure switch
Hand pump
Restrictor

Check valve
Landing gear (left)
Energy absorption
fuse

Plugstat

Relief valve

Start valve (APP)
Three-way control
valve

Hydraulic pump
(make-up)
Instrument panel
(caution-advisory)
Console (control
switches)
Instrument panel (aft
pilot)
Instrument panel
(temperature)
Restrictor
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DOCUMENTA TION CLASSIFICATION

During the course of the hydraulic system documentation investigation,
over two hundred documents were gathered, Appendix I lists those
documents examined during this investigation, Of this total, 104 were
determined to be applicable to one or more of the four representative
helicopter systems previously mentioned, The remaining documents were
judged to be inapplicable to any of the representative helicopter systems
and are listed in Appendix II,

The documents that were used were obtained from the following sources:
1, Helicopter Technical Manuals (TM's)

2. Department ot Defense Index of Specifications and Standards
(DODISS)

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=-47
and CH-54

HELICOPTER TECHNICAL MANUALS

Following compilation of all pertinent documentation, the TM's
applicable to the AH-1G, UH-1D/H, CH=-47A and CH-54A/B helicopters
were reviewed to identify and classify cach of the hydraulic system
components, Table II lists the TM's that were used,

Each of the helicopter maintenance manuals was used as the source
document for the applicable components list, These included:

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

2, UH-I1D/H - TM 55-1520-210-20P
- TM 55-1520-210=-34P
3, CH-47A - TM 55=-1520-209-20P

- TM 55-1520-209-34P

- TM 55-1520-209-35
4, CH-54A/B TM 55=-1520-217=20P
- TM 55-1520-217-35P
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TALLIC II,

APPLICABLEI HELICOPTER TECHNICAL MANUALS

Designation Technical Manuals
AH=1G IM 55-1520-221-20, "Organizational Maintenance

Uli=1D/Hl

CH-47TA

Manual, Army Model AlH-1G Helicopter!, dated
10 September 1971

TM 55-1520-221-201, "Organizational Mainte-
nance Repair Parts and Special Tools Last,
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=-341, "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/Il Helicopter!,
dated 7 May 1909

TM 55=-1520-210-20P, "Orvanizational Maintc-
nance Repair Parts and Special Tools List,
Helicopter, Utility-Tactical Transport, Ul=-1A,
Utl-1B, UH-1C, UH=1D, Ult=1H (Bell)", dated
April 1971

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

TAM 55-1520-210-34P, "DS and GS Maintenance
and Repair Parts and Special Tools List, UH-1B,
Utl=1C, Ull-1D, UH=-1H, UH=-IM (Bell)", dated
Decemnber 1971

TN 55-1520-209-20, "Organizational Maintenance
Manual, Army Model CH=-47A lelicopter", dated
May 1968
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TABLE II - Continued

Designation Technical Manuals

IM 55-1520-209=-20F, "Organizational Maintce-
nance Repair Parts and Special Tools List,
Helicopter, Cargo Transport, CH-47A, CH-47D,
CH-47C (Vertol)", dated August 1971

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

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

Cli-54A/B TM 55-1520-217-20, "Organizational Maintenance
Manual, CH-54A Helicopter!, dated April 1969

TM 55-1520-217-20P, "Organizational Mainte-
nance Repair Parts and Special Tools List,
Helicopter, Cargo Transport, CH-51A, CH-548
(Sikorsky)", dated July 1971

TM 55-1520-217-35, '"DS, GS and Depot Mainte-
nance Manual, CH-54A Helicopter", dated
April 1969

TM 55-1520-217-35P, '"DS, GS and Depot Mainte=
nance Repair Parts and Special Tools List, Cli-54A
(Sikorsky)!, dated 19 December 1968

Direct Support
General Support

oo

:}:D.S
G.S.

Table III lists hydraulic system components by military standard number
and helicopter application, Each of these military standards was
reviewed to determine the milite ry or Federal specification that controls
the design and procurement of the pertinent item,
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TABLE III, HYDRAULIC SYSTEM DOCUMENTATION

Applicable Helicopter
Military Standard MIL=Spec Applicability
AH- UH- CH- CH-
Number Title Number 1G IH 47A 54A
AN3 Bolt-Machine A/C MIL-B-6812 X X X X
AN4 Bolt-Machine A/C MIL-B-6812 X X X
AN5S Bolt-Machine A/C MIL-B-6812 X
AN6b Bolt=-Machine A/C MIL-B=-6812 X
AN23 Bolt, Clevis MIL-B-6812 X
AN174 Bolt, Eye, Bolt, MIL-B-6812 X X X
Machine, Close
Tolerance, A/C
AN175 Bolt, Eye, Bolt, MIL-B-6812 X
Machine, Close
Tolerance, A/C
AN206 Bearing, Ball MIL-B-7949 X
AN310 Nut, Plain, FF-N-830 X X X
Castellated
AN316 Nut, Jam, Hex FF-N=836 X X X
AN320 Nut, Plain, FF-N=-836 X X
Castellated
AN365 Nut, Self-Locking AN-M-5 X
AN500 Screw, Machine FF-S5-92 X X
AN501 Screw, Machine FF-5-92 X
ANS502 Screw, Machine MIL-S-7839 X X
AN503 Screw, Machine FF-5-92 X X
AN525 Screw, Washer Head AN=-S-52 X X
AN565 Set Screw - Hex FF-5-103 X
AN743 Bracket, Support - X X X X
Clamp
ANT83 Tece, Flared Tube MIL-F=-5509 X
ANT84 Tee, Flarcd Tube MIL-F=5509 X
ANB04 Tce, Flared Tube MIL-F=5509 X
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TABLE III - Continued

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

Number Title Number 1G IH 47A 54A

AN814 Plug and Bleeder MIL-F-5509 X X X X

AN815 Union-Flared Tube MIL-F-5509 X

AN818 Nut, Coupling MIL=-F=5509 X

ANS821 Elbow=-Flared Tube MIL-F-5509 X

AN832 Union-Flared Tube MIL-F-5509 X

AN833 Elbow=-Flared Tube MIL~-F=-5509 X

AN837 Elbow=-Flared Tube MIL-F=5509 X

AN893 Bushing=~Screw MIL-F-5509 X X X
Thread Reducer

AN912 Bushing - Reducer MIL-F=5509

AN919 Reducer - External MIL=F=-5509 X
Thread, Flared Tube

AN924 Nut, Plain Hex MIL-F=-5509 X X X

AN929 Cap Assy, Pressure MIL=-F=5509 X

AN932 Plug, Pipe MIL-F-5509 X X

AN937 Cross, Internal MIL-F=5509 X X X X
Screw

AN938 Tee, Internal Screw MIL=-F=5509 X X X X

AN939 Elbow, Internal MIL-F=~5509 X X X X
Screw Thread, 90°

AN94] Elbow, Internal MIL-F-5509 X X
Screw Thread, 45°

AN4047 Gasket - X X

AN6203 Accumulator, MIL-A-5498 X
Hydraulic Pressure

AN(204 Valve, Hydraulic MIL-F-5509 X X
Bleeder

ANG(227 Packing O=-Ring, MIL-P=-5516 X X X X

Hydraulic
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TABLE III - Continucd

Applicable Helicopter
Military Standard MIL-Spec Applicability
AH- UH- CH- CH-
Number Title Number 1G 1H  47A 54A
AN6230 Gasket O=-Ring, MIL-P-5516 X X X X
Hydraulic
£AN6235 Filter Element - MIL-F=5504 X

Hydraulic Replace=
able Micronic Line
Type
AN62 36 Filter Element - MIL-F=5504 X

Hydraulic Replace-
able Reservoir Type

AN6237 Filter Element - AN-F-3 X X
Hydraulic Replace-
able Micronic Vent
Type

AN6240 Filter - Hydraulic AN-F=-3 X X
Replaceable Ele-
ment Vent Type

AN6246 Ring - Hydraulic - X
Packing Backup
AN6248 Pump - Hydraulic AN-F-14 X X X
Hand
AN6270 Hose Assy X
AN6285 Adapter - Air MIL-F=-5509 X X

Press, Gage
AN6289 Nut - Flared Tube MIL=F-5509 X X X X

MS2190 Elbow - X

MS3112 Conncctor, MIL-C-26482 X
Receptacle

MS3119 Connector, MIL-C-26482 X
Receptacle

MS3181 Cover, Protective MIL-C~26482 X

MS8000 Hosc Assy, Detach- MIL-H=-25579 X X X

able Fittings
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TABLE III - Continuced

Applicable Helicopter
Military Standard MIL=Spec Applicability
AH- UH-~ CH- Cli-
Number Title Number 1G IH 47A  54A
MS8001 Hose Assy, Detach= MIL=-H=25579 X X X X
able Fittings
MS9015 Plug, Machine - X
Thread
MS9021 Packing, Preformed - X
MS59058 Ring = Backup, - X
Boss Connection
MS9088 Bolt=-Machine, Stecl - X
MS9099 Nut, Hex, Boss - X X
Connection,
Aluminum
MS9135 Gasket, Type XI - X X X
Engine Accessory Dr
MS9136 Gasket, Type XII, - X
14A,B,E, 17A,B
MS4984 Ring, Backup, - X X X
Boss Connection
MS15001 Fittings, Lubc MIL-F=3541 X X
(Hydraulic) Surfacc
Check
MS15003  Fittings, Lube MIL-F=-3541 X X
(Hydraulic)
Surface Check
MS16562  Pin, Spring, Tubular MIL-P-10971 X
MS16624  Ring, Retaining, MIL=-R=21248 X
External, Basic
MS16625 Ring, Retaining, MIL-R-21248 X X X X
Internal, Basic Ty, I, CL, 2
MS16627  Ring, Rectaining, MIL-R=-21248 X
Internal, Inverted Ty. I, CL., 3
MS16629  Ring, Retaining, MIL-R=-21248 X

Internal, Bowed

Ty, II, CL. |
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TABLE III - Continued

Applicable Helicopter
Military Standard MIL=Spec Applicability
AH- UH- CH- CH-
Number Title Number 1G IlH 47A 54A
MS16633 Ring, Retaining MIL-R=-21248 X
External, "E"
MS16998  Screw, Cap, FF-S5-86 X X X
Socket=Head
MS17131  Bearing, Roller - X
MS17825  Nut, Self-Locking MIL-N-25027 X X
MS17826  Nut, Self=Locking MIL-N=-25027 X
MS19059 Balls, Bearing, MIL-B-1083 X
Ferrous, Chrome
MS19060  Balls, Bearing MIL-B-1083 X X X
MS20201  Balls, Bearing, MIL-B-7949 X
Air Frame
MS20365  Nut, Self-Locking AN-N-=-5 X
MS20392  Pin, Straight, MIL-P=5673 X X
Headed
MS20426  Rivcet, Solid MIL-R=-5674 X X
MS20427 Rivet, Solid - X
MS20470  Rivet, Solid MIL-R=-5674 X
MS20760  Adapter, Straight MIL-F=5509 X
MS20819  Sleeve, Flared MIL-F-=5509 X
Tube Fitting
MS21042  Nut, Self-Locking MIL=-N=-25027 X X X X
MS21044  Nut, Self-Locking MIL-N=25027 X X
MS21045  Nut, Sclf-Locking MIL-N=-25027 X X
MS21060  Nut, Self-Locking MIL=-N=-25027 X
MS21083  Nut, Self-Locking MIL-N=25027 X
MS21094 Bolt, Sclf-Locking MIL-B=-6812 X
MIL-F~18240
MS21097  Bolt, Self-Locking MIL=-5-7839 X
MIL-F-18240
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TABLE III - Continued

Applicable Helicopter
Military Standard MIL-Spec Applicability
AH- UH- CH- CH-
Number Title Number 1G 1H 47A 54A
MS21208 Insert, Screw MIL-I-8846 X X
Thread
MS21209  Insert, Screw MIL-I-8846 X X X
Thread
MS21232  Bearing, Plain MIL-B=-8942 X
MS21318 Screw FF-S=-107 X X X
MS21900  Adapter, Flarc- MIL-F-18280 X X
less Tube to AN
Flared Tube
MS21902 Union, Flareless MIL-F=-18280 X X X X
Tube
MS21904 Elbow, Flarecless MIL-F-18280 X
Tube g
MS21905 Tee, Flarcless MIL-F=-18280 X X X X
Tube
MS21906 Cross, Flarcless MIL-F-18280 X
Tube
MS21907 Elbow, Bulkhcad MIL-F-18280 X X X X
MS21908 Elbow, Bulkhead MIL-F-18280 X X X X
MS21909 Tee, Bulkhead, MIL-F-18280 X X X X
Universal
MS21910 Tee, Bulkhead, MIL-F-18280 X X X X
Flarcless
MS21911 Tee, Bulkhead, MIL-F-18280 X X X X
Flareless
MS21912 Tec, Flarcless MIL-F=-18280 X X X X
MS21913 Plug, Flarcless MIL-F-18280 X X
Tube
MS21914 Cap, Pressurc MIL-F-18280 X X X
Scal
MS21915  Bushing, Screw MIL-F-18280 X X X

Thread Expander
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TABLE Iil - Continued

Applicable Helicopter
Military Standard MIL-Spec Applicability
AH- UH- CIH-~ CH-
Number Title Number 1G IH  47A  54A
MS21916  Reducer, External MIL-F-18280 X X X X
Thread, Flarcless
MS21920 Clamp llose MIL~C=-8783 X
MS21922  Sleeve, Coupling MIL-F-18280 X
MS2192+1 Union, Flarecless, MIL-F=-18280 X X X X
Tube
MS521926  Elbow, 90°, MIL-F=~18280 X X X X
Universal
M521937  Nut, Cluster MIL=-F<«18280 X X X
Fitting
MS521938  Bolt, Cluster MIL-EF=-18280 X X X
Fitting
MS21939  Bolt, Cluster MIL=-F=18280 X
Fitting
MS21942  Body, Cluster MIL-F=-18280 X
Fitting
MS21944  Body, Cluster MIL=-1"-18280 X
Fitting
MS21945  Body, Cluster MIL-F-18280 X
Fitting
MS21949  Bolt, Cluster MIL=-F=5509 X
Fitting
MS21950  Bolt, Cluster MIL-F=6509 X
I"itting
MS21951 Doit, Cluster MIL-F=6509 X
Fitting
MS21954 Body, Cluster MIL -F=5509 X
Fittine
MS521959  Body, Cluster MIL=-F=-5509 X X X
Fitting
MS21960  Body, Cluster MIL=-F=5509 X X

Fitting
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TABLE III - Continued

Applicable Helicopter
Military Standard MIL=Spec Applicability
AH- UH- CH- CH-
Number Title Number 1G IH  47A 54A
MS24335 Flange, Bulkhead, MIL-C=-25127 X
Mounting,
Hydraulic
MS24376 Relay, 50 Amp MIL-R=-6106 X
MS24388 Tee, Flared, Tube MIL-F=5509 X
MS24389 Tee, Flared, Tube MIL-F-5509 X
MS24390 Tee, Flared, Tube MIL-F=5509 X
MS2439] Plug, Bleeder MIL=-F=5509 X X X X
MS24392 Union, Flared, MIL-1"-5509 X X
Tube
MS24393 Union, Flared, MIL-F=5509 X
Tube
MS24394 Elbow, Flared, MIL-F-5509 X
Tube
MS24395 Tee, Bulkhead MIL«}F=5509 X
MS24396 Elbow, Flarcd, MIL-F=5509 X
Tube
MS24397 Bushing MIL=}F=5509 X X X X
MS24398 Bushing MIL-F=5509 X X X X
MS24399 Reducer, External MIL-F=5509 X X X
Thread, Flared,
Tube
MS24400 Nut, Plain, Hex MIL-F-5509 X X X X
MS24401 Elbow, Flared, MIL-F=5509 X
Tubce
MS524402 Tee, Flared, MIL-F=-5509 X
Tube
MS24423  Valve, Check MIL-V-25675 X X
MS24586 Spring, Helical MIL=-5-13572 X
MS24665 Pin, Cotter FI'-P=-386 X X X X
MS24667 Screw, Cap, FEF«-5-86 X

Socket
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TABLE III - Continued

Applicable Helicopter
Military Standard MIL-Spec Applicability
AH- UH- CH- CH-
Number Title Number 1G IH 47A 54A
MS24671 Screw, Cap, FF-S5-86 X
Socket
MS24673 Screw, Cap, FF-5-86 X X
Socket Head
MS24690  Packing, MIL-P-5516 X X
Preformed
MS25008 Switch, Sensitive MIL-S-6743 X
MS25083  Jumper Assy, X
Electric
MS25226 Link, Terminal, - X
Connecting
MS25227  Strip, Mounting - X
Nut
MS27039 Screw, Machine MIL=5-7839 X X X
MS27212 Terminal Board - X
Assy
MS27363  Hosc Assy MIL-H-38360 X
MS27364  Hosc Assy MIL-H=-38360 X
MS27365 Hose Assy MIL=-H38360 X
MS27369  Hose Assy MIL-H38360 X
MS27370  Hose Assy MIL -H=38360 X
MS27371 Hose Assy MIL-H-38360 X X
MS28034 Bulb, Temp MIL-B-7370B X
MS28700 Accumulator MIL -A-5498 X
MS28720 Filter, Aircraft MIL-F=5504 X
Hydraulics
MS28773  Retainer, Packing MIL-R-8791 X X
MS28774 Retainer, Packing MIL-R-8791 X X X X
MS28775 Packing, MIL-P-25732 X X X X
Preformed
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TABLE III - Continued

Applicable Helicopter
Military Standard MIL-Spec Applicability
AH- UH- CH- CH-
Number Title Number 1G IH 47A 54A
MS28778 Packing, MIL-P=-5510 X X X X
Preformed MIL-P-5510
MS28782 Retainer, MIL-R=8791 X X
Packing
MS28783 Ring, Gasket MIL-R-8791 X
MS28889 Valve, Air MIL-V-6164 X X X X
MS28890  Valve, Hydraulic MIL-V=-5524 X
Check
MS26893 Valve, Hydraulic MIL-V-8813 X
Relief
MS28895 Filter, Fluid, MIL-F-8815 X
Pressure
MS28895 Filter, Fluid, MIL-F-8815 X
Pressure
MS28932 Felt Strip, C-F-206 X X
Packing Gland
MS29512 Packing, MIL-P=-5315 X
Preformed
MS35206 Screw, Machine FF-5-92 X X X
MS35207 Screw, Machine FF-5-92 X X X X
MS35214 Screw, Machine FF-5-92 X
MS35219 Screw, Machine FF-5-92 X
MS35265 Screw, Machine FF-S-92 X
MS35266 Screw, Machine FF-5-92 X
MS35275 Screw, Machine FF=-5-92 X X
MS35458 Screw, Cap FF-S-86 X
MS35489 Grommet, MIL-G=-3036 X X X X
Rubber
MS35649 Nut, Plain, Hex FF-N=836 X X
MS51963 Set Screw, Hex FF-5-200 X
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TABLE III - Continued

Applicable

Helicopter

Flarcless

Military Standard MIL=Spec Applicability
AH- Ull- CH- ClHl-
Number Title Number 1G 1H 47A 54A
MS87029 Hose Assy
MS122116 Inscrt, Cres MIL-1-8846 X
Helical
MS124696 Insert, Cres MIL-I-8846 X
Helical, Coil,
Fine Thread
MS134351  Ball, Corrosion - X
Resistant Steel,
Precision, Grade
MS134352 Ball, Corrosion - X
Resistant Steel,
Precision, Grade
MS134356 Ball, Corrousion - X
Resistant Steel,
Precision, Grade
MS134378 DBall, Corrosion - X
Resistant steel,
Precision, Grade
MS150459 Ball, Steel, Grade 1 - X
MS219216 Reducer, MIL-R =8572A
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DEPARTMENT OF DEFENSE INDEX OF SPECIFICATIONS AND
STANDARDS

The hydraulic system components identified during the analysis of the
helicopter TM's were then used as a basis for research of the DODISS
for applicable hydraulic system and component specifications, The
alphabetical DODISS was surveyed to determine all military and *ederal
specifications and standards applicable to that generic component type,
Additionally, all processes, practices and procedures applicable to the
design, quality assurance and testing of hydraulic and related systems
were investigated in the DODISS,

AIRFRAME MANUFACTURERS AND COMPONENTS SUPPLIERS

FFor all applicable components for which a specific military or Federal
specification could not be identified, written inquiry was directed to the
parts supplier and the applicable helicopter manufacturer to obtain design
data, These components are listed in Table IV, Those components high-
lighted by a check (/) have been identified as either a composite or

a compound component, i,c., a type of component consisting of two or
more basic elements,

Analysis of the data received from these sources revealed that the
components identified were primarily conmmercial off-the-shelf items
adapted for use by the U.S, Army, Many of these components were
designed and built to commercial specifications which were equal to
or exceeded cquivalent military specifications, The composite/
compound components/cquipments were designed to more than one
military specification to achieve a system functional requirement,

U,S, ARMY AVIATION SYSTEMS COMMAND

Design data were also sought from the U,S, Army Aviation Systems
Command (AVSCOM), St, l.ouis, Missouri, for those component types
fer which applicable military specifications could not be identified,
These data were supplied in the form of microfiche transparencics
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 CI1-47A and
Sikorsky CI-54A helicopters were reviewed to ascertain all military
specifications and standards used in the design of these helicopters,
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DOCUMENTS NOT APPLICABLE

All documents that were reviewed but considered to be inapplicable to
the design of Army helicopter hydraulic systems are shown in
Appendix II, Rationale is provided for the inapplicability oi each
document so classified,

Documents that were valuable to the design of helicopter hydraulic
systems but were not considered to be a hydraulic system document are
shown in Appendix III, These documents are applicable to aircraft
hardware, processes, packaging and inspection procedures.
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TABLE IV, GENERIC COMPONENT TYPES WITHOUT
APPLICABLE MILITARY SPECIFICATIONS

Helicopter Designation

Generic Component Types

UH-1D/H

Pressure Gage

Liquid Sight Indicator

Axial Piston Pump
Hydraulic Module Assembly
Hydraulic Solenoid Operator Valve
Irreversible Valve

Filter

Differential Indicator
Pressure Switch

Hydraulic Servocylinder
Airless Hydraulic Fluid Tank
Hydraulic Accumulator
Directional Valve

v

Reciprocating Pump, Hand
Hydraulic Fluid Cooler
Linear Directional Flow Valve

v Hydraulic System Manifold

Y

Transmitter Assembly

Gage

Pressure Switch
Thermostatic Switch
Thermal Relief Valve

Filter

Variable Displacement Pump
Regulating Valve

Relief Valve

Brake Assembly

v Manifold Assembly
/ Hydraulic Servocylinder Assembly

J/ Composite and/or compound components s i,e,, a type of
component consisting of two or more basic elements,
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DOCUMENT DEFICIENCY ANALYSIS

This section presents the results of the analysis of military specifications
pertaining to hydraulic systems, equipments, components and procedures,
The pertinent documents identified during the data collection tasks as
applicable to helicopter hydraulic systems were reviewed, with primary
attention given to those areas that, by their deficiencies, have a
potentially adverse effect on reliability and maintainability.,

DOCUMENT DEFICIENCY CRITERIA

The criteria used to identify deficiencies in these documents were estab-
lished by analyzing the specific requirements that should be considered by
the designer to meet or exceed the operational parameters of U.S. Army
helicopters.
The primary arcas in each document that were reviewed for deficiencies werce:
) Design Requirements
® Qualification Test Requirements, Procedu-es and Practices

° Quality Assurance Requirements and Provisions

Design Requirements

I The philosophy and criteria used to analyze cach document relative to
i design requirements arc as follows:

1. Scope — Does the scope of the specification provide the
designer with the types of applications for which the system,
cquipment or component is intended? If the specification is
intended to apply only to ground-based applications, the opera-
tional stresses of a helicopter may excced those provided by
the specification. This could result in the compol >nt's pre-

jg maturely failing because its operational parameters have

f been excceded by use in the helicopter environment, On the

other hand, if the intent of the specification is for a missile
application, the design requirements may impose more than
adequate reliability requirements, but the maintenance
considerations may not be adequate for Army field use,

2. Performance — As with the scope, provisions must be made

to ensurc that the detailed operational requirements of the Army
are considered by the designer. A merc listing of the perfor=-
mance paramecters alone is not adequatc unless these parameters
are esscntially the same as required by the operational usc of
the Army. A component or system can be built to mcet or
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exceed tite specification performance requirements and fail
to meet the operational reliability or maintainability require-
ments,

Standard Components = The requirement for the equipment and/or

components to be on a Qualified Products List (QPL} is not
always a realistic requirement, A component that is on a QPL
may not be qualified for the requirements imposed by the US
Army helicopter environment, Components not qualified to
Army operational requirements may not meet Army mainte -
nance considerations or may fail prematurely.

Environmental Conditions — The requirements that are

expressed in the military specification must be those that are
imposed by the mission, Requirements that arc cxpressed in
quantitative values without reference to the expected service
parameters are considered inadequate, Vibratory and sandy
conditions may cause excessive wear of components unless these
factors are adcquately considered during the design of the
components,

Interchangcability — Interchangeability requirements should be

included as a part of military spccifications to ensure that
replacement parts adequately interface with other equipment
and/or components., Components that arc not completely inter-
changeable may cause premature failures or maintenance-
related problems,

Design/Construction = The design and construction of the item
covered Dy military specifications must consider the projected
operational parameters and environment to which the helicopter
will be subjected, If inadequate consideration is given to such
items as tolerances, materials, ctc., the item may fail pre-
maturciy, I the Army maintenance environment is not ade-
quately considered during design and construction, the
operational maintainability of the item can be significantly
degraded,

Product Identification = Requirements {or properly marking/

identifying the components and/or equipment arc important with
respect to maintainability, Inadequate marking of components
contributes to both time loss and improper selection during
maintenance actions,

Workmanship = This requirement is important in that poor work-
manship during manufacture may causec carly failure of items
such as hydraulic components, Inadequately machined surfaces
may permit dirt and other contaminants to enter a component and
could cause excessive wear, jamming and other premature fail-
ures.,
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9.

10,

11,

12,

13,

Safety — Safety is mandatory with respect to personnel and
ecquipment. Equipment designed without consideration for

the safety of the operator and/or maintenance personnel or

other components of the system or related systems could
adversely affect the availability, reliability, or maintain-

ability of the system. Poor safety features necessitate increased
precaution during maintenance, thus leading to lower avail-
ability.

Reliability — Reliability requirements stated in quantitative Mean-
Time~Between=-Failures (MTBF) values are not considered to be
adequate., An adequate reliability requirement is one that is
based on the projected mission requirements of the helicopter,
Items designed to an MTBF value stated in a military specifi-
cation may adversely affect the overall helicopter and/or sysiem
reliability requirement if the MTBF is not at least that

required to meet the mission and/or system reliability,

Maintainability — Maintainability requirements must be stated with
refcrence to the overall helicopter and/or system availability
requirements, Consideration must also be given to the US Army
maintenance concepts, procedures, and practices., If these
parameters are not considered, the item may not be compatible
with the Army system and the helicopter availability and mainte=
nance rates may be adversely affected,

Human Engineering = Human engineering requirements must con=
sider the parameters delincated in MIL-STD=1472, Consideration
should also be given to US Army maintenance concepts, procedures,
and practices, The absence of these considerations may have an
adverse cffect on the operational helicopter availability and
maintenance rates,

Electromagnetic Interference = Provisions for climinating electro-
magnetic interference must be included in all specifications for
items that are electrically controlled, such as solenoid valves,
False failures of the equipment induced by electromagnetic

cnergy affecting the operation of the equipment will contribute

to a lower reliability of the system,

Qualification Test Requirements, Procedurcs and Practices

The specific testing requirement criteria and philosovhy used to conduct
this analysis arc as follows:

1,

Environmental Testing = The procured item should be

adequately tested 1n its intended environment in accordance with
the procedures delincated in MIL-STD=-810 and the detailed

design specification, The effects of the environmental
conditions, i, e,, vibration, sand, and moisture, on the reliability
of the item would identify inherent design weaknessces prior to

the production phase in the life cycle,
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2, System Compatibility Testing — The complete hydraulic system
should be tested to ensure that all components used in the
hydraulic system and interfaces with other related systems,
such as the flight controls, are compatible with the system
operational requirements, Components that are not compatible
with the system may fail prematurely or cause premature
failure of other components in the system,

3, Qualification Test Plan — A qualification test plan is required to
ensure that the component meets or exceeds the design require-
ments imposed by the military and detailed design specifications,

4, Flight Test — Hydraulic systems and major component equip-
ments, such as flight control servocylinders, should undergo
testing that is representative of flight conditions to ensure that
the hydraulic system will not fail due to inadequate design in
relation to mission requirements,

5, Test Witness ~ Qualification test and subsequent sampling test
should be observed by an authorized representative of the pro-
curing agency, This test witness may be the Government
representative at the contractor's facility unless the test requires
special knowledge or expertise on the part of the Government
observer,

6. Rejection and Retest — Those components failing the initial
qualification test or subsequent sampling tests should be retested
or may be considered as qualified by the procuring activity if a
fix can be judged adequate to correct the deficiency, If the
failure would necessitate a major redesign of the component
prior to qualification or require a significant increase in
sampling frequency, complete information should be furnished
to the procuring agency,

7, Service Test — Service test is a requirement that should be
imposed at the system and major component level, This test, in
the form of a reliability and maintainability demonstration, is
designed to identify system components that may degrade the
system reliability and those that may require maintenance pro-
cedures different from those delineated in AR 750-1, "Army
Material Maintenance Concepts and Policies, ' dated May 1972,

Quality Assurance Requirements and Provisions

The quality assurance provisions that should be considered as a minimum
are as follows:

I. Quality Assurance Provisions = Quality assurance is required to
ensure that the component is subjected to quality assurance
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provisions and standards that meet or exceced the requirements
imposed by the military and detailed design specifications,

2, Packing and Shipping — Requirements must be imposed that
detail packing and shipping requirements that protect the com-
ponent from damage during shipment and storage. These
requirements should consider the fragility of the component
being procured by the specification,

3. Component Sampling = Component sampling procedures should
be required for application of quality control checks. Infrequent
sampling of components may allow defective items to be installed
in hydraulic systems that will cause premature failure of the
system,

4. Mandatory Inspection Points = Certain critical phases of the manu-
facture and assembly processes require in=process inspection by
quality assurance personncl,

DOCUMLNT ANALYSIS

The hydraulic system documents identified in Figures 17 through 21 were
analyzed using the criteria and philosophy identificd in the preceding
discussion, This required a detailed analysis of cach arca identified as
impacting the reliability and maintainability and/or the procedures and
practices used to inspect and test the item being procured, Each document
was analyzed to determine if ambiguities existed within it and conflicts
between it and other controlling documents, The documents were categor-
ized by gencric component type with respect to the US Army baseline
hydraulic system block diagram trec as shown in Figurc 16,

The document provisions were then identified as being adequate or
inadequate, The inadequate and nonexistent provisions were then rated as
having onc of the following impacts on the hydraulic system reliability,
availability, and maintainability:

l. Major Impact — Those deficiencies which could result in a
substantial degradation of the helicopter and hydraulic system
reliability, availability, and/or maintainability.

2. Significant = Thosc deficiencies that could result in some
degradation of the helicopter and hydraulic system reliability,
availability, and/or maintainability,

3. Insignificant = Thosc deficiencies that may result in little or

no degradation of the hydraulic system reliability, availability,
and/or maintainability,
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2. System Compatibility Testing — The complete hydraulic system
should be tested to ensure that all components used in the
hydraulic system and interfaces with other related systems,
such as the flight controls, are compatible with the system
operational requirements, Components that are not compatible
with the system may fail prematurely or cause premature
failure of other components in the system,

3, Qualification Test Plan — A qualification test plan is required to
ensure that the component meets or exceeds the design require-
ments imposed by the military and detailed design specifications.

4, Flight Test — Hydraulic systems and major component equip-
ments, such as flight control servocylinders, should undergo
testing that is representative of flight conditions to ensure that
the hydraulic system will not fail due to inadequate design in
relation to mission requirements,

5. Test Witness — Qualification test and subsequent sampling test
should be observed by an authorized representative of the pro-
curing agency, This test witness may be the Government
representative at the contractor's facility unless the test requires
special knowledge or expertise on the part of the Government
observer,

6. Rejection and Retest — Those components failing the initial
qualification test or subsequent sampling tests should be retested
or may be considered as qualified by the procuring activity if a
fix can be judged adequate to correct the deficiency, If the
failure would necessitate a major redesign of the component
prior to qualification or require a significant increase in
sampling frequency, complete information should be furnished
to the procuring agency,

7. Service Test — Service test is a requirement that should be
imposed at the system and major component level, This test, in
the form of a reliability and maintainability demonstration, is
designed to identify system components that may degrade the
system reliability and those that may require maintenance pro-
cedures different from those delineated in AR 750-1, "Army
Material Maintenance Concepts and Policies, ' dated May 1972,

Quality Assurance Requirements and Provisions

The quality assurance provisions that should be considered as a minimum
are as follows:

l.  Quality Assurance Provisions — Quality assurance is required to
ensure that the component is subjected to quality assurance
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The document analysis is presented in Appendix IV of this volume. The
documents reviewed included all amendments, revisions and supplements
that were available during this analysis, These documents are presented
in generic groups to facilitate understanding of the whole analysis process,
A short description of each deficiency and its reliability, maintainability,
and availability impact category are presented in a tabular format,

The summary results of the document analysis arc shown as Table V, This

analysis has shown that four documents can be considered adequate with
respect to reliability and maintainability,
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TABLE V, DOCUMENT DEFICIENCY MATRIX

Parameter 7% Deficient:

Design Requirements:

e Performance 0.9
e Standard Components 33.7
e Environmental Conditions 63.5
e Interchangeability 394
® Design/Construction 5.8
e  Product Identification 11.5
e  Workmanship 27.9
e  Safety 67,3
e Reliability 67.3
e Maintainability 71,1
e Human Engineering 79.8
e Electromagnetic Interference 10,6

—_—

Qualification Testing:

e Environmental Test 76.0
e Qualification Test Plan 25.0
o Test Witness 8.6
e Qualification Retest 44,2
e Reliability Demonstration 70,2
e Maintainability Demonstration 68.3

Quality Assurance

e Quality Assurance Provisions 14,4
e Packing and Shipping 4,8
e  Sampling Criteria 26,0

#Deficiency percentage is based on the 104 hydraulic system related
documents analyzed
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ALTERNATIVE SELECTION ANALYSIS

The objective of the alternative selection analysis was to determine the
feasible alternative for each document found deficient during the
document deficiency analysis, These alternatives are intended to
reduce or eliminate the potential adverse impact on reliability and
maintainability attributed to deficient documents,

EVALUATION METHODOLOGY

The criteria used to evaluate and select the alternative to the deficient
documents were established by analyzing the status of the documents,

the specific deficiencies, the potential impact of the deficiencies on
reliability and maintainability, and the availability of substitute docu-
ments, When two or more documents for the same component existed,
cither at the system, equipment, or component levels or any combin=-
ation therecof, and an ambiguity in reliability and maintainability require~
ments was found to exist, the requirements to be imposed werc then deter=
mined,

The document deficiency analyses shown in Appendix II of this volume
established the degree of deficiency for cach document, This in turn
was correlated into the document action required to remove the inherent
reliability and maintainability rclated deficiencies, Five alternatives
were considered when reviewing cach document related to helicopter
hydraulic system:

No Action = Document is adequate without revision,

Minor Revision -~ Document has some deficiencies that have a
significant adverse impact on reliability and maintainability,

Major Revision = Document has numerous deficiencies that have a
significant adverse impact on reliability and maintainability and can be
remedied by an extensive rewrite of the document,

Deletc = Document has numerous deficiencies that have a significant
adverse impact on reliability and maintainability and a substitute docu-
ment is available, Also it will be deleted from further analysis,

Issue New Document — For those areas where no document is presently
available for the generic classification, a document should be issued,

Also, where one or more documents are available, the document that
best suits the reliability and maintainability requirements of the Army
was identified.
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ALTERNATIVE EVALUATION AND SELECTION

The alternative evaluation and selection of identified hydraulic system
specifications were accomplished using the criteria established in the
preceding "Evaluation Methodology'' discussion, Using the generic
classification groups previously established in this investigation, cach
generic class of documents is evaluated as to the action required by the
Army to assure that the products procured by this document adequately
impose helicopter reliability and maintainability requirements,

The alternative evaluation selection and supporting rationale for
hydraulic system documents for each generic classification of hydraulic
component is shown in columnar format in Figures 17, 18, 19, 20, and
21, Figure 17 is the analysis of the system level documents, Figure 18
displays the analysis for the equipment level documents for the hydraulic
control subsystem, The equipment level documents for the hydraulic
servocontrolled actuators and pressure gencrating subsystem are shown
as Figures 19 and 20, respectively., I'igure 21 displays the alternative
document selection analysis for component level documents, The
columnar headings used in this analysis are as follows:

Generic Classification — Generic classification of item controlled
by document

Document Number — Mlilitary specification or standard number
assigned to the document

Document Action — Action reqyuired for the document being
analyzed

No Action

Minor Revision
Major Revision
Delete

Issue New Document

Preferred Document — The document has been found to contain

the least reliability and maintainability related deficiencies and can
be improved by usc of the Supplemental Design Guide (Volume II of
this report),

e Signifies the preferred approach found during the analysis

o Signifies an altcrnative to the approach found during the
analysis

Rationale — The supporting rationale for the sclection action for
cach document
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The summary of the document selection analysis is shown as Figure 22,
This analysis has shown that nearly two=thirds of all the document and
generic classifications considered required major revision to the docu=
ments, The recommendations for new documents are shown in the

recommendation section of this volume, Recommendations to improve
existing documents are shown in Volume 1I,

53



*SISATBUY UOTIDITSG SATIIRUIIITY JudWINDO(] wdlsig spneaply

°L1 @in31g

*JUBWINDOP dYJ Ul JUIISIYUL 9I' JBYJ SSIDUIIDTIIP
Ajfiqeurejurewr pue A31[1qel[al Iyl aAoWaI
111m jxodaa s1y3 jo ]I swunjop ut papraoxd
suoljepuawIurooax udisap rejuaruarddns ayjy jo

uoijednuold ‘poSn axe swIIshs di[neapdy 0688
IIT 2dA 1 uoym ATuo pasn st JUSWNDIOP SIYT, o JoleN -H=-TIN
‘juswWINDdOpP 9Y3z Ul Juaxdayul aae jey)
S21DUaIdIJap AJI[IqeUlEjUIRBW puUue AJI[IqeI[ad Y3l
sAowax [[Im 3xodax siyj jo J] 2WUNJOA Ul Papla
-oxd suoyepuawwodax udisap [ejudwalddns
ayj jo uorjednuiord -sjuauodwod d>i[neapdy DGLLS
193doo1ray o3 ayqesijdde st juswnosop SIY]J ® zofepy -H-TIW
‘juaWINdOpP IYJ Ul JUIIIYUI Ik JBY)
sa1dualdjap Ajrjiqeurejurews pue A3jIjiqer|aa ayj
2A0wWdI 1Im 3x10dax Si1Yjl JO ]] SWIN[OA Ul P3apla
-oad suolnjepuawrwodaax ufisap [ejusawaijddns
2Yy3 jo uonjednuwioard -swajisAs ol neapdy Jd0FFrS
1a3dod1iay o3 afqeosijdde st juawWnlOp SIY L ® zofe -H-TIN
‘juswIndop siyj Aq paplaoad
st AjI[IqeUTEjUIEBW JO Ajl[lqel[al uo 3d>eduur
329x1p ou ‘swajlsds d>inerpdy 103 sSura-o
Jo juduraandsoad ayj o3 urejxad A[3da11p
jou saop juswndOp StYy3j Idulg °*g3uri-O (dIN) 269 wiaisAg
JO uo1315919s 3y}l 10J IpNT B ST JULIWINDO(] o SuoN |-MgaH-TIW DI neapil
JFTVYNOILVY INIWNDOAa NOILDV JIIWNN NOILVOIFISSVID
d3¥y3d¥d [INIWNDOA | INIWNDOA JI¥3INIO

54



‘penutjuon - 21 @andr g

[ejuswajddns ayj jo uonjednuoag

"JUIWINDOP 3Yj) Ul JUaIayul axe jeys
§310uald1jap Aji[iqeulejuiew pue Ajljiqer[ag
2431 2a0Wal [[Iam j10das s1Y] Jo J] SWN[OA
ut papiaoad suoljepusunuodas ufisop
"BUIa3SsAs

simeapdy 1ajdodifay o3 pajeraa L[30aa1p (da M)

81 pue swajsiAs Joijuod JyIi[] s3ewoine V28l

1ajdoaijay o] ajqesijdde s JUaLWINDOpP SIY,J, o aolepy -D-TIN

‘VIgP-dLlLS-TIN aitgig

Aq papasiadns uaaq sey juswindop Sy 93912 ~-I-TIN
‘JUAWNDOP IDUIIIJII ®©

s®e AJuo papnioul sem pue u3isap [e1NIONIIS (osv)86e9s

133doo11ay 03 afqeostjdde s1 Juswnoop StyJ, ® IOUTIN =G="TIN

*swaisds dITneIpAy dSL¥572

9IISSTW 103 ATUO PasSn ST FJUIWINDOP STYT 9jarag ~H-TIW
"JUSIWMD>Op a3yl ul juaiayul
al® JBY) 531DUIId1jap AJI[IqeUlRjuUI LI pue
Ajipigel(ax ayj saowal [[im jaodax siy; Jjo
Il sumjop Ul paplaold sUOI}EpUILLILLIGD ST
udisap [ejuswajddns ayj jo uwonednwoag

"P25sN ax1e swiajsds simeapdy 111 adA 1688

uaym Afuo arqedstjdde st juswmsop sy o xoflen ~-H-TIN

JTIVNOILVY INIWNOOAa| NOILDV YIIWNN NOILVOIJISSV1D
G3¥¥3d3Yd | LINIWNDOA | INIWNDOQ JI¥INIO

55



*panunjuo) - .1 2and1 g

‘sisd1eue ayj SulInp pajou SIIOUIIDIIIP
jusawndop Ajl[iqeUlRjUTRW pue AJI[IqQBI[3I
jUaI3YUI 3] SA0UWSI O3 I3PI0 Ul jUdW

-n20p S1Yy3 ur pajexodaoosur aq Isnw saSueyds sjusauoduwon)
jued1jiudis -sjusuoduwod 1aqQqni wIalshs azogl Iaqqny
oineapdiy o3 ATuo arqeodridde st udWINOOpP STYTL o xolen -¥-TIN S1neipiy
‘swaisds aajydootiray jo 6298
31833 puncaisd o3} a[qedijdde s1 JuswWINDdOpP SIY]L o aolen -L-TIN
(DSV)
‘do18-dLS-TIN DeLes
Aq popssiadns uaaq sey juswWINdOp SIYTJ 23919 - -TIN
‘8ut3s9) walshs drneIpiAy DZZSS
133dod1iay o3 arqesijdde st juswnsop sSIyJL ® IOUTIN -L-TIN
‘JUaWINDOP 3y} 03 SajueYdD IAISUIIXD
y3noayy Ajuo sjuswaainbax xajdooijay Away
"S N 03 @[qedijdde aperw aq pinos jusdwWMdOp (SV) ! sjusawaainbay
STy, °3reIdolte SumeAIe]Ool pue =poxI1J V227252 | uoljeajsuowid (g
KaeN °S° o3 AJuo ajqedijdde st Jusawnd0p SIYL o aolen -a-TINW /8unasa]
JTVYNOILVY INIWNOOA | NOILDV JIGWNN NOWLVIIZISSVIO
Q34334344 | INIWNDOOA |INIWNDOA JIINIO

56



‘panurjuon - 21 2andr g

“jUaLLM>0p 3] Ul juaIayulr ale jeyj)
sa1ouaidiyap Ajijiqeure;urews pue A3I[IqeIfag
2Yy3 2aowaax [[is 3zodaax s1yj jo I awnjop urt

paplacaid SsUOIEPUILILICD3I UFISap [Ejuaw
-ajddns ayj jo woned[nuwoig ‘sSpIN[] aseq

wnajoajaduou Jursn swajsds srnmeaply zagdoo d9++8
=113y 03 ATuo ayqedtidde s1 jusumdop STy o IOUIN ~H-TIN
‘jUuawIndop
ayj Ul juIIIYUI II' JRYJ SIIDIUIIDIJap
AjiTigqeutejulew pur AJI[IQEI[21 34) SAOUIDI
Ttm 3xodaa s1Yy3 jo [ aumiop ul papiaocad
SUOTIEpUSLUILIODal ulisap [ejuauwrajddns ayjy Jo
uotjedmuiol,y -suwajsds gajdoodiray uo s3say DE809
punol® o3 A(ug ajqesijdde s1 juswmoop SIYL o JIOUTN -H-TIN
"JUIWMDOP 2aYy] Ul JU3IIYUul 3Ie Jeyy
8310Ua1d1Jap Aj[IqEUTEjUTEW pue AJITIqEI[2I ay)
aaowal [[im 3zodaa B1Yj Jo [ sWIN[OA Ul papla
-01d SUOT}EpUIWILIOD3I UdTeap [ejuawajddns
ay3 jo uwonednuwoag ‘swajisds srneapdy 290965 spIni g
aajdooiyay o3 ajqeaijdde 81 juawmoop SIY], ) JOoUutN -H-TIN srneapdAH
JIVYNOILVY INIWNDOAa NOILDV JISWNN NOILVDI3ISSV1D
a3¥Y3ddd [ INIWNOOA | INIWNDOQA JI¥INIO

57



‘panurjuon) - ;1 dandr g

*oen Away ‘g ‘] 10] uoijesiyidoads

B1Yy3 zepun parjddns spinyy aaoxdde o3 xapao
ut paaxmmbax aq [[im Burysay jo sadhy aayjo
‘IFAPMOH “IUIWMDOP Y} Ul JUaIayul s2I1e eyl
8310uUaId1jap AjI[IqeUutejutew pue AJI[Iqel[a1
2Y3) 2A0WIdI [Im jJ2odax 8143 Jo I awnjop

ut paptaoad suoljepusaunuodax ulisap
[ejuawarddns ayj jo wonjednuwoag “juotu
=NJOp 8143 jOo 2asn ayj paacadde sey asao g ary

‘SN 243 Ajug  ‘swalsds oinerpdy xajdoosifay 282¢8
Away *s- ) o3 ajgedijdde jou 81 Juauwmaop STy o zofeN -H-TIN
JTVYNOIULVY INIWNOOA | NOILV JIGWNN NOILVDI4ISSVID
Q3¥4343¥d | INIWNDOOA | INIWNDOQa JI¥3IN3O

58



*sIsf[euy UOTIDD[dG SAIBUIII|V JUdWINd0Q wWIsAsqng j01juoc) dineapAy °gl a2andr g
‘JUIAWINDOP Y} Ul JUIIIBIYUL 93¢ JBY) SI3IOUIIDIIIPp
A3111qeurejutew pue L3I]IqeI[9d 3Y) SAOWIDI
11tm 3xodaax styj Jo II Pdwunijop ur papraoad
suorjepuswrurodax udisap ejuswaiddns oy Jo (DsSVY)
uorjednuoxg °suwajisds [ed1130919 Jo Surpuoq qg.805 81013U09)
30 ulisap ayj o3 ajqesridde st Juswnd0p SIY] ® IouriN -g-TIN 1estajoalyg
*JUdWINDOP 3YjJ Ul JUDIIYUT dI€ JBY)
SaIDUaIDIFOP AjI[Iqeurejurewr pue LJIIqeIdI 3Y3
9ao0wax 1M 3x30daa SIY} JO IJ SWIN[OA UI pPapla
-oad suonjepuawrwodax ulisap [ejuswaiddns
ayj Jo uonednwolg °saAleA WII) dIIneaphy vV62SS
Jo u3isop 9<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>