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INTRODUCTION
Purpose

Public Law 100-456, section 805b, requires that dternate sources comply with the same
qudification requirements as those of the origind source.

“In procuring any spare or repair part that is critical to the operation of an
aircraft or ship, the Secretary of Defense should require the contractor supplying
such part to provide a part that meets all appropriate qualification and
contractual quality requirements as may be specified and made available to
prospective offerors. In establishing the appropriate qualification requirements,
the Secretary of Defense should utilize those requirements, if available, which
were used to qualify the original production part, unless the Secretary of
Defense determines in writing that any or all such requirements are

unnecessary.”

Potentia  dternate manufacturing sources of aircraft engine parts, components, or
assemblies are required to provide subgtantiation that the specific item offered meets or
exceeds the identicd item furnished by the origind manufecturer in terms of service life,
drength, durability, form, fit, and function. The subdantiation requirements for dternate
manufacturing source gpproval are included in this document. Candidates for dternate
source approval are required to submit to Army Aviation and Troop Command
(USAATCOM), Engineering Directorate a plan designed to meet the substantiation
requirements. The USAATCOM Engineering Directorate will review the plan to insure
that the proposed tedting is sufficient to determine that the item to be manufactured will
be equivdent to the origind. The Engineering Test Table (ETT) in the Hight Safety
Parts Information System (FSPIS) lidts the testing that is normaly required for aternate
sources which use materid, castings, forging, and process sources approved by the prime
contractor or government for the item in question. Hight Safety Parts (FSP) and critical
characteridics are identified. A potentid dternate manufacturing source requesting
approvd is required to submit written substantiating data on a part, component, or
assembly to become a quadified vendor. This data should include, but not limited to, the
candidates capability to manufacture the item, a manufacturing plan (including sources
for forging, castings, €tc.), and a test plan to satisfy engineering test requirements. After
USAATCOM engineering examines the data and determines that the dternate source is
cgpable of manufacturing the item in accordance with dl of the exising requirements, the
dternate source will be added to the Potentiad Suppliers List. Should the dternate source
bid successfully, dl quality assurance requirements, qudification tests, and engineering
tests must be completed prior to ddivery of parts to the procuring agency. At the
discretion of USAATCOM engineering, previous suppliers who have not completed the
engineering test may be required to do so prior to the ddivery of additiond parts.
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Implementation

This document should be used in conjunction with the Spares Technicd Data Package
(STDP) for a paticular part to specify the substantiation requirements a component or
assembly must comply with. The guidance contained in this publication, in conjunction
with the TDP, will be utilized in place of any qudification document issued by the prime
design control contractor or the origina manufacturer and referenced on a part,
component, or assembly drawing(s). Significant differences between this document and
other gpplicable qudification documents should be brought to USAATCOM
engineering's dtention for resolution. The Fird Article Test (FAT) item, and dl
production parts, components, or assemblies must, of course, reman subject to dl
contract requirements. Note aso that reverse engineering of FSP is prohibited by
ATCOM poalicy. Wavers, deviations, plans, and reports required by this document
should be gpproved by USAATCOM engineering in writing in order fulfill substantiation
requirements.

Use of Alternate Suppliers/Processors

Use of suppliers or processors (subcontractors) that are not approved sources for material,
forging, cadings, or processng may require additiond substantiation testing and/or
engine qudification test. Public Law 100-456 requirements aso apply to subcontractors
as defined above. Proposals from these sources must be reviewed by USAATCOM
engineering for gpproval.

Definitions

Alternate Manufacturing Source - A source for a part, component, or assembly who was
not origindly approved to manufacture such a part, component, or assembly but is now
approved.

Ass=mbly - A combination of parts and/or components which conditute an identifigble
functiond condituent of a larger assemblage, or can perform a specific function on its
own.

Component - Usudly made up of two or more parts which can be further subdivided but
cannot perform a specific function without the aid of other components.

Critical Characteridtics - any feature throughout the life cycle of a FSP such as
dimension, tolerance, finish, materid; assembly, manufacturing or inspection process,
operaion, software, fiddld maintenance, or depot overhaul requirements, which, if
nonconforming, missing, or degraded could cause the falure or mafunction of the FSP.
Criticd characterigtics produced during the manufacturing process are termed
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“manufecturing  critical  characterigtics” Critical characteristics which are not introduced
during the manufacture of a part but are critica in terms of assembly/ingdlation, for
example proper fadtener torque, are termed “ingtdlation criticd characteristics.”

Enginesring Tedts - Tests conducted to assure that parts, components, or assemblies
inddled in engines will perfform satisfactorily (i.e. endurance tests, interchangesbility
tests, environmenta tests, etc.).

Firg Article Test - Test and evaduation of initid production samples for conformance
with specified contract requirements before or, in the initid stage of production.

Flight Safety Pat - Any pat, assembly, or inddlaion containing a critical characteristic
whose falure, mafunction, or absence could cause an uncommanded engine shutdown,
and/or catagtrophic engine fallure resulting in loss or serious damage to an aircraft and/or
serious injury or degth to the occupants. NOTE: Refer to MIL-STD-882B for further
explanation or arcraft and persona safety hazard severity categories.

Part - An essentid portion or integrd dement which cannot be eadly further subdivided.

Prime Design Contractor - The origind end item (i.e. engine) desgner and/or
manufacturer who, under Government auspices, sdected various subcontractors to furnish
parts and components for the total engine assembly.

Qudification Requirements - A requirement for testing or other quality assurance
demondration that must be completed by an offeror. Qudification testing performed
gther as a “Prequalification Test” prior to contract award, or as an “Engineering Test” a
the time of First Article Testing (FAT), should be performed as directed by USAATCOM
enginegring at the time of solicitation.

Source Controlled Drawings - Drawings which list such data as physicd envelope,
materids, operating environment, and design parameters. Each part number is normdly a
different configuration or design, which will perform the functions specified on the
drawing. The drawings aso lis the manufacturing source that is qudified to produce
each dedign.

APPLICABLE DOCUMENTS

The following documents form a part of this specification to the extent specified herein.
In the event of a conflict between the documents referenced below and the contents of
this specification, the contents of this specification must prevail. In other paragraphs of
this specification only the basc document number is gtated. The revisons and changes
for the gpplicable documents are identified only in this paragraph.



ADS-43A-HDBK

1.3

131

Other applicable documents listed elsewhere in this document:

ATCOM Reg 702-7, Flight Safety Parts Program Management
AMC 702-32, Critical Safety Items Program
Federa Acquistion Regulation, Part 6 and Subpart 9.2

MIL-I-45208, Inspection Requirements (or as specified in the contract)

AV-E-8593D, Engines, Aircraft, Turboshaft and Turboprop, Generd
Specifications for.

Federal Test Method Standard No. 15 1 Metal, Test Methods of

NISO 239.18.199X Scientific and Technicad Reports, Elements, Organization
and Desgn (or as specified in the contract)

MIL-STD-8 1 OC, Environmenta Test Methods and Engineering Guideines

ATCOM QE-STD-1 Hight Safety Parts Qudity Systems Regquirements

ATCOM Competition Advocates Shopping List (CASL)

ET-STD 1 Engineering Test Requirements for New Sources
MIL-STD-498C Software Development and Documentation

GENERAL REQUIREMENTS

Generd

The ETTs, in the FSPIS, provides lists of engine parts, components, and assemblies with
the qudification requirements an dternate source must meet before that source can be
approved to manufacture the component. Production components must be manufactured
by the dternate source using the same facilities, equipment, and procedures that were
used to manufacture the subgtantiation test articles (see paragraph 1.3.6). Requirements
liged for assemblies include dl requirements listed for parts and components used in that
as=mbly. The dternate source must certify they have a qudity program established
which meets the requirements of MIL-1-45208 or a comparable higher-level non-
government quaity sysem before qudification tesing may commence. (Mandatory
100% inspection in accordance with MIL-Q-9858A requires a waiver.) This cetification
should be submitted as part of the ingpection report.

1.3.2 Source Control Drawings

Source Control Drawings (SCD) list those sources that are qudified to produce that
partticular component. The dternate source must satisfy al requirements specified by the
SCD, any asociated procurement specification, and requirements specified herein in
order to be gpproved. Any duplication of requirements may be ignored. A test plan for
subgtantiating compliance with SCD requirements must be submitted to USAATCOM
engineering for gpprova prior to testing. The required Desgn Qudification Testing must
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be performed as a “Pre-qudification Test” since each vendor provides an entirely
different design.

Dimensona  Substantiation

All drawing dimensons, limits, and tolerances must be adhered to. All components listed
in the atachments and used for testing in accordance with this document must require
Subgtantiation of al drawing dimensond requirements. The results of this dimensond
subgtantiation should be included in the inspection report and submitted to USAATCOM
engineering for approva (see paragraph 1.3 .8).

Materid Subgtantiation

Components must only be fabricated from the materia(s) specified. Cagtings and forging
must only be procured from sources which have been previoudy gpproved by the prime
contractor or USAATCOM engineering for each specific part or component. Other
materid used will be in accordance with al applicable procurement specifications.
Subgantiation of compliance with these requirements is required for al components
listed in the ETT in the FSPIS. To access the FSPIS, see the FSPIS User’s Guide or
contact AMSAT-R-EBS. This subgantiation should be included in the inspection report
and submitted to the procuring service for approval (see paragraph 1.3.8).

Process Substantiation

The sarvice life of engine components, particularly high speed roteting parts, is gregtly
affected by the processes performed during the manufacture of these parts. It is
imperative that dl processes are performed in a manner virtudly identica to that
established during the development of these components. All processes used in the
fabrication of engine components must be performed by sources which have been
previoudy approved by the prime contractor or USAATCOM engineering for each
specific part or component. Other processors may be approved by the prime contractor or
USAATCOM engineering upon request or, if the need arises. This includes heat tredt,
shot peen, finishes, forming, welding, coatings, plating, and al other processes used to
manufacture the part. The component must also be subjected to al ingpections (eg.,
Nondestructive Inspection (NDI)) required by the drawing. Verification of compliance
with process requirements and documentation of al inspection results is required for al
components lised in the ETT in the FSPIS. Engine low cycle fatigue (LCF) spin pit
testing may be required to substantiate parts lives in some cases. These should be
included in an ingpection report and submitted to USAATCOM engineering for gpprovad
(see paragraph 1.3.8). No new sources for processing engine parts will be approved until
they have met al of the above requirements.

136 Manufacturing Process Control
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A manufacturing and quaity control process sheet listing the sequence of operations,
operation descriptions, parameters, inspection stations and criteria, and specific
equipment used to produce the component should be included in the ingpection report and
submitted to USAATCOM engineering (see paragraph 1.3.8). Upon acceptance of FAT
for the component by USAATCOM engineering the process sheet including al changes
made during the subgantiation effort must be cdassfied as “frozen planning.” Any
proposed changes to the frozen planning must be submitted to USAATCOM engineering
for approva.

137 Hight Safety Parts

138
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Drawings of components and assemblies that are classfied as FSP containing critical
characterigtics and are identified in the ETT in the FSPIS, may have additiond
requirements as specified in ATCOM Reg 702-7 and the STDP. Subgtantiation of
conformance of al FSP criticd characteristics to drawing requirements, specifications,
acceptance test procedures, and detailed plans for the 100% inspection of critical
characteridtics, or a previoudy gpproved datistical subgtitute, should be included in the
inspection report and submitted to USAATCOM  engineering for approva.

Approva to Conduct Testing

Alternate sources mugt not commence qudification testing until an ingpection report
subgtantiating that al requirements of this section have been met, has been submitted to
and approved by USAATCOM engineering. Upon receipt of approvd, the dternate
source may begin tesing. The test plan may be submitted as part of the inspection report.
Standard required tests are detailed in subsequent sections of this specification.

Pats Not Reguiring Qudification Testing

Certain engine parts, components, and assemblies do not require qudification testing.
Alternate sources of these items must be gpproved by having met the requirements
provided in the CASL and STDP and by receipt and approva of documentation of
compliance with the above requirements from USAATCOM engineering. With the
exception of FSP, manufacturing process sheets are not required for these items. These
requirements may be subgtantiated as part of the FAT.

TEST REQUIREMENTS
Generd

Certain components liged in the ETT require qudification testing in addition to
ubgtantiation of the dimensond and metalurgica requirements. The ingpection report
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must be gpproved by USAATCOM engineering before testing commences. The dternate
source must submit a test plan detailing the proposed test procedure(s), passfail criteria,
testing and measuring equipment to be used, test location and dates, test article inspection
plans, and test qudity assurance provisons to USAATCOM engineering. Qudification
testing can commence only after this test plan is goproved. Required testing includes
endurance, operationd, interchangeability, and fatigue testing and is described in Section
2. Other tedts, at the discretion of the USAATCOM engineering, may be added as part of
the qudification requirements. Approva of the dternate source should be contingent
upon successful completion of the applicable test(s) conducted in accordance with the
approved test plan, examination of the component by USAATCOM engineering, and
upon receipt and approval by USAATCOM engineering of a test report and ingpection
report which documents dl testing and results. Test plans must be in accordance with
contract requirements, and test reports in accordance with NISO Z39.18.199X, or per
contract.

Environmenta  Tegting

Components may require environmenta tests as specified in the Engine Model
Specification, AV-E-8593, or as determined by USAATCOM engineering. A new source
for such components may aso be required to demondtrate that the component does not
dter engine operaions. Such tests may include high and low ar temperatures or high
atitudes.

APPROVAL OF TEST RESULTS

151 Test Component Evaduation

Immediately upon completion of each qudification tes USAATCOM engineering will
examine the test components (i.e, “dirty” inspection). Test components will be evauated
on the basis of a comparison between the condition (e.g., wear, cracks, fretting) exhibited
by the test article and that found on previoudy qualified components. Results of pre-test
and post-test component cdibration (if required) will be evauated. The USAATCOM
Engineering Directorate will provide written descriptions of dl test article deficiencies
through the contracting officer to the dternate source after this inspection. These
ingpection findings should be addressed by the dternate source and submitted as part of
the formal test report. The test components should then be subjected to a “clean”
ingpection in accordance with drawing requirements, except remova of protective
finishes is not required. The test report must include documentation of al testing and

inspection results.

15.2 Rgection and Retest
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When an engine part, assambly, or component listed in the ETT fails any of the
quaification requirements, the item must be rgected. All falures, whether by
noncompliance of hardware (dimensond or metdlurgicd) or falure during tegting, and
proposed modifications to both parts and testing procedure must be documented and
submitted to USAATCOM engineering before testing can be resumed. Rejected engine
parts, assemblies, or components must be replaced or reworked as specified by
USAATCOM engineering to correct the deficiency, after which part or dl applicable
test(s) will be repested, depending on the nature and severity of the failure.

15.3 Alternate Source Approva

154

An dternate source is approved only for the manufacture of the component specified.

A prospective vendor must be referred to the CASL for qudification by smilarity
guidance.

Changes in Approved Sources/Processes

Any change in manufacturing location, such as to another plant of an individua vendor; a
change in materia processes or subvendors who perform a process, a change in materid,
cading, or forging suppliers, a change in manufacturing planning from the gpproved
planning process, or a change in machining procedures which may affect component
srength or durability may require retesting based upon a proposal from the dternate
source and approva from USAATCOM engineering. Refer to CASL procedures for
additiond  information.
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IDENTIFICATION OF CRITICAL CHARACTERISTICS
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AIRCRAFT ENGINE COMPONENTS



ADS-43A-HDBK

2.1

2.2

INTRODUCTION

Section 2 identifies critica characterigtics for parts identified as FSP. It dso identifies
sandard test requirements for substantiation of dternate source parts. Parts lists for each
of the three (3) engine modds covered by this document are listed in the ETT in the
FSPIS. Different series of an engine in the Army inventory (i.e. 700, 701, 701C etc.), are
listed separately. Source controlled parts and FSP are highlighted. Required
qudification tests are identified for each part and are coded aphabeticdly as shown in
subsection 2.3 of Section 2. The USAATCOM Engineering Directorate has the option to
walve certain required tests upon request if the prospective vendor can show evidence
that the test is not necessary or that he has dready successfully conducted the test on an
equivaent part. The USAATCOM Engineering Directorate reserves the right to specify
additional engine and component qualification test requirements of AV-E-8593,
paragraph 4.6, which addresses potential failure modes, based on design experience,
sarvice experience, or absence of complete manufacturing data.

The pats ligs in the ETT show the following:

A. If part is source controlled.

B. If part is FSP.

C. Teds required for dternate source qualification.
D. Critical characteridtics.

Generic critical characterigtics will apply to those parts not listed (See 2.2.5).
CRITICAL CHARACTERISTICS
A criticd characteridtic is defined in paragraph 1.1.4.

All critica characterigtics require 100% ingpection. The only exception is where the
required ingpection procedure renders the part unusable. When this occurs, the vendor
will propose a sampling procedure to USAATCOM engineering for approva. Statistical
methods may be utilized in lieu of 100% ingpection of nondestructively inspectable
critical characteridtics with the gpprovad of the loca Government Quality Assurance
Representative and the PCO of USAATCOM Qudity Enginearing Divison. Al
datisticd methods must be approved in writing prior to implementation.

All FSP have criticd characteristics which are identified on the gpplicable drawings.
Without these drawings, critical characteristics cannot be properly identified. Reverse
engineering of FSP or components of assemblies which are FSP is not permitted.

221 Materias

11
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All FSP materids must be tracegble to the origind foundry melt with tracegbility
maintained throughout manufacturing and processng to the finished part. Seridization
of dl parts therefore must be established and maintained, unless waived by USAATCOM
enginering. Records will be made avalable to USAATCOM enginesring on demand
and should be maintained for five (5) years unless otherwise specified.

Typicd generic materid critica characteristics are as follows:

A. Composition

B. Gran gze

C. Forging flow lines
D. Case hardness

E. Core hardness

F. Finish

G. Class 1A cadings
H. Class of wed

Judtification for Materids Critical Characteristics

The progpective vendor will ingpect and test dl ferrous and non-ferrous metalic materids
in accordance with Federd Test Method Standard No. 15 1. If the materia has been
certified by the supplier, it must be verified in accordance with the prospective vendor's
approved quality assurance plan. When materid is ingpected by melts, heats, or lots, the
supplier or vendor must 0 arrange his working, handling, and marking of the materid to
mantan its proper identity. Such procedures must be made available to USAATCOM
enginesring upon request. When doubt exids as to the identity of any portion of the
materid, it is incumbent on the supplier or vendor to properly establish such identity of
that portion or the lot will be reected.

The maerid compodtion and grain sze will be exactly as specified on the drawing.
Alternate materids may be used only if listed on the drawing. Materids will be certified
by the supplier and verified by the vendors quality assurance office. Forging will be
procured only from approved vendors. Since strength and fatigue properties are affected
by flow line direction, flow line direction will be as specified on the drawing. Case and
core hardness are dso critica to strength, wear, and fatigue properties of materid.
Therefore, case and core hardness must be as specified on the drawing. Finish
specifications must be closaly followed to dlow for good fit and to reduce the possbility
of crack initiation. Class 1A arcraft quality castings are required for dl FSP and must be
procured only from approved vendors. Cagtings must be certified by the supplier and
verified by the vendors qudity assurance office. Classes of welds will be as specified on
the drawing. Stress relief procedures will be rigidly followed to reduce the posshility of
crack initiation in welded aress.

12
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Manufacturing

Manufacturing includes dl of the tasks associated with converting raw materia, such as
forging, cadtings, extrusons, millstock, powdered metalurgy, etc., into a finished part.
Some generic criticd characterigtics in manufacturing include the following:

A. Dimensons
B. Tolerances
C. Mader tooling
1. Master gears
2. Master comparator charts
D. Machining
E. Grinding
F. Honing
G. Bdancng

2221 Judification for Manufecturing Criticd Characterigtics

d.

The dimensions of a part or component are variables that can be expressed as mass,
densty, length, area, volume, finish, or angle. In some cases, when deding with an
assembly, moment or torque of a fastener is important. If any dimenson is cdled out
as a critica characteridtic, it must be measured or verified on each part. For
assemblies requiring interference or press fits, the dimensions of these parts cannot be
verified after assembly, and must be measured before assembly.

Allowable tolerances must be observed. Any requests for deviaions must be
dispositioned by a Materiad Review Board (MRB) and approved by USAATCOM
engineering. Otherwise, by definition, any deviation from a criticadl dimensond
tolerance on a critica part will be cause for reection, unless the part can be reworked
to print.

The intersection of bores for support of spird bevel gears is a point in space. This
makes verification of bore intersection accuracy very difficult. An autométic
coordinate measuring machine can be used for this and other criticd measurements.
Other less accurate methods may be used if approved by USAATCOM enginesring.
Accurate measurement of bevel gear tooth surfaces can only be accomplished by a
high quality coordinate measuring machine. Tooth patterns can be assessed by use of
a marking dye or paste. This is a less accurate but acceptable method once a gear et
has been tested and a pattern basdine established. Master gears traceable to Grand or
Gold Master Gears are required to measure tooth contact pattern on spiral bevel gears.

. Gear cases are usudly line bored to insure pardle axes of gear shafts for spur or

helicd gear trans. Engine frame assemblies generdly support main shaft bearings

13
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where the bores or support pads for bearing supports must be accurately located.
Veification of bore centers can be determined manudly or with an automated
coordinate measuring machine. Reference pads are sometimes machined onto a
frame assembly to assst in accurate measurements.

Engine main shafts must be carefully measured to determine proper location and size
of bearing journds, radii of trangtion points, and location and proper configuration of
slines. Hollow main shafts must be carefully measured and inspected interndly as
well as externdly. Finish specifications are equdly critical both insde and outsde of
shefts to reduce the possibility of fatigue crack initiaion.

Carbon radia or face seds are common in turbine engine dynamic seding
applications. Both the carbon sedl and sed contact surfaces require very fine finishes
usudly expressed in terms of within two to three heium light bands. Measurement of
such fine surface finishes requires specialized equipment capable of generating
heium light and polarization to show interference fringing on the polished surface.
Labyrinth seds usudly are ar seds with multiple knife edges running on some type
of reatively soft codating. These sedls are dlowed to interfere with each other to
“wear in.” Concentricity is important for good sedling. The labyrinth knife edges are
doped toward the pressure Sde to ad in seding, and have a smadl radius (sharp) edge.
Labyrinth seds will be marked or otherwise designed to prevent reverse ingdlation.
Under some circumstances, such markings could be a critical characterigtic because
excessve ar leskage due to improper inddlaion could adversdly effect engine
performance. Accessory drive sedls are usudly radia lip seds fabricated from a
molded elastomer. Carbon sedls are dso used in accessory drives where the shaft
Speeds are very high. Elastomeric sedl wear surfaces, adthough not as critica as
carbon seds, must dso have good surface finishes with outer diameters controlled for
proper sed lip pressure.

Bearing raceways and rolling dements are polished to very fine finishes usudly less
than 6 microinches arithmetic average (AA). Bearing ring and raceway dimensons
are closdy controlled such that mounted internal bearing clearances are in accordance
with design specifications. Because of high rotational speeds, baance of the cage and
rotating dements must be closdy controlled. This requires careful sdection of a set
of dements and close control of cage dimensons. Internd unbalance can lead to
bearing ingtability and falure. Bearings or bearing sets are usualy designed to be
loaded in one direction only and therefore must be marked for proper ingtdlation.
Markings such as this could be construed as a critical characteristic because reverse
inddlation could result in a short bearing life or engine failure.

Compressor and turbine blades are aerodynamically shaped and controlled

dimensondly in the engineering drawings augmented by Master Comparator Charts
(MCC) or eectronic data generated by Computer Aided Design (CAD). The critica
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dimensions are the close tolerances of the blade root dovetall or fir tree and the
aerodynamic shape, angle, and twist of the blade. The dovetall and fir tree retention
Is criticd from a safety sandpoint, and the aerodynamic shape is criticd to engine
performance. The specific criticd dimensons are identified in the manufacturing
drawings and/or the STDP.

The manufacturing contractor will be furnished an MCC by USAATCOM
engineering or must have a MCC certified and seridized by a source approved by
USAATCOM engineering. This MCC mugt be avalable for the Firgt Article
Ingpection. The MCC is used in conjunction with an optica comparator which
projects a magnified image of the part profile which is then compared directly with
the MCC. The MCC shows, in blown-up form, the alowable tolerances for the blade
arfoil or fir tree shgpe. The sze of the MCC image and the magnification and screen
Sze of the optica comparator are normaly specified by USAATCOM engineering.

The compressor or turbine disks that retain the blades are dimensiondly controlled by
engineering drawings augmented by MCC or CAD. The fir trees and dovetails that
retain the blade are made to close tolerances. The internal or external bearing or
centering journas, solines, and curvic couplings are dimensondly critical. The heat
treat, shot peening, machining feeds/speeds, surface finish and other processes may be
criticd to parts lives. The sructura integrity, baance, and performance of these
rotating parts make some dimensions critica. The specific criticd dimensons are
identified on the manufacturing drawings and/or the STDP.

Blisks, which combine disks and blades into an integrd one-piece cast unit, are
dimensionaly controlled by drawings, MCC and/or CAD. In the case of a cast piece,
the technica expertise is in the design and manufacturing of the die/pattern.

However, the finished casting must be checked for critical characteridics. The
sructurd integrity of the blisk, the aerodynamics of the blade, the close tolerances of
bearing or centering journals and curvic couplings, and the rotating balance of the
blisk make some dimensons critical. The specific criticd dimensons are identified
in the manufacturing drawing or the STDP.

Low cycle fdigue is a life limiting factor for the compressor, impdler, turbine disks,
cooling or seding plates, and certain other parts. Some of the factors which
contribute to reducing low cycle fatigue life are materid properties, materid
processing, surface finishes, marking components, radii, fillets and comer rdief, and
other anomdies It is essentid that dl identifiable contributors to low cycle fatigue
life reduction be diminated to the greatest extent possble.

Qil jets are designed to be indaled in only one postion. To provide an exact aming

point for the jet, the jet hole drill angle is critical and maintained & close tolerance.
All ail jets must be flow tested for proper oil quantities a system pressure, proper
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targeting, and proper spray pettern. A complete dimensiona inspection is aso
required.

Devidions from drawing dimensons and tolerances, consdered critica
characterigtics, will not be permitted for FSP. In some cases, find dimensions are
affected by hest treating, plating, or other processes. Therefore, the vendor must
make alowances to arive a the correct dimenson. Magter tooling requirements are
specified on the drawings for compressor blades and vanes, turbine blade and vane,
arfoils, cagtings, forging, spird bevel gears, and some compound curvaiure parts.
This magter tooling must be tracedble to the origind master in order to provide part
interchangeability. Machining practices must be of the highest qudity to insure
proper form, fit, and function. Grinding, honing, or polishing procedures must adso
be of the highest quaity. Checks for abusive grinding must be conducted on each
pat to prevent the possbility of surface cracking, leading to falure. Finish
requirements must be equa to, or better than those specified on the drawings.

. All high speed rotating components require balancing. In some cases, shefts rotate at
Speeds above the firg critical speed and sometimes above the third critica speed.
Usualy damping is required while transverang criticd speed points and any steady
date operating speed, including idle, must be removed from any criticd speed by a
least 20%. Bladed disks require careful blade weighing and selection such that blades
on opposite sdes of the disc are within prescribed weight tolerances. Baance must
be within blueprint requirements. The type of baancing machine sdected by a
prospective vendor must be approved by USAATCOM engineering. High speed
gears must dso be dynamicdly baanced. Any response frequency within 20% of any
gear deady State operating speed, or multiple thereof, can indicate a potentia
hazardous condition leading to gear failure.

In order to provide concentricity for mating parts, surfaces cdled centering journas
are machined on each pat. These diameters are closdly controlled such that fits,
when mated, are shug to very tight. Both mae and femde parts require close
adherence to tolerances for runout, diameter and concentricity such that, when mated,
the assambly is in perfect dignment for proper engine function.

. All digitd engine controls will be subjected to full dectromagnetic environmental
effects testing to verify that the contrals, and ultimately the engine, will operate to
specifications in the Army’s worldwide dectromagnetic environment. All ectronic
controls will aso be subjected to full environmentd qudification testing per the
Engine Modd Specification or MIL-STD-8 1 OC, software vdidation and verification
testing per the engine model or component specification, MIL-STD-498C or
RTCA-DO 178, and system operational and endurance testing per the engine or
component model specification or AV-E-8593D. Input and output signds will be
checked for each digita control before mating to the engine. The dimengons,
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tolerance, and finish are necessary requirements for parts used in the fud controls,
vaves, fud nozzles, and pumps to ensure correct operation, such as flow rate on

demand, operating pressure, leak rate, and back pressure where applicable.

n. Chip detectors, temperature Sensors, pressure sensors, speed Sensors, wiring
harnesses, and torque measuring devices are used to provide engine condition
information to the digitd engine controls, hydromechanica fuel control units, and the
arrframe. These components are subject to performance and calibration tests,

electromagnetic susceptibility test, system operationa tests, and environmental tests
in accordance with AV-E-8593D.

2.2.3 Processes

Processes include al of the operations, treatments, finishes, etc. which take place before,
during, and after manufacturing and are essentid in completing the part to drawing and
specification  requirements. Processes are described by a process specification. Military
or industry specifications may be used which covers the process in question. Some of the
processes include the following:

Cadting

Forging

Extruding

Weding

Brazing

Soldering

Riveting

Swaging
Heat Treeting

Anneding
. Shot or Glass Peening

Cleaning

Mating

Coating
Painting

Bonding
. Software Conformation and Documentation
. Pressure Tests
Flow Rate Tests

Insulation Resistance Teds
. Continuity Resgtance Teds
. Electronic Component Bum In or Screening
. Component Acceptance Testing
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2.2.3.1 Judification for Process Criticad Characteristics

Process criticad characterigtics define design compliance for dl parts, and are critica for
the gpplication of a part in its intended use. Metalurgica processes, such as cadting,
forging or weding, determine the strength and acceptability of metdlic parts, while
electrical processes, such as soldering, bonding or insulation resistance, determine
acceptability of eectronic and eectrica assemblies or components. Other processes are
critical for operationd environment reasons, such as anodizing, coding or panting.
Deviation from critica processes is NOT alowed without the specific agpprova of USA
ATCOM engineering.

224 Inspection Methods

Inspection methods may include both destructive or non-destructive. Generdly, the
destructive methods are used before the raw materia is worked or processed.
Non-destructive methods can be used before, during, or after manufacture of the part or,
assembly. Inspection methods are used to ingpect and verify that the critica
characterigtics are as required. Refer to “Code B Tedting” for applicable test documents.

Dedructive Ingpection Methods Include the Following:

A. Chemicd Andyss

B. Spectrochemicd Andyss

C. Tendle Test

D. Charpy Impact Test

E. Cold Bending Test

F. Ped Strength of Brazed or Bonded Joints
G. Acid Etch for Grain Structure

H. Case Depth Inspection

Non-Destructive Inspection Methods Include the Following:

|. Electromegnetic Tegting

J X-Ray Teding (Radiography)

K. Liquid Penetrant Testing

L. Magnetic Paticle Tedting

M. Ultrasonic Tegting

N. Coordinate Measuring Machine

0. Microscopic Test for Coating Thickness
P. Profilometers (Comparison Tester)

Q. Brinell or Rockwell Hardness Testing
R. Pressure Flow or Leakage Testing

S. Nital Etch
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T. Viad
U. Electrica Ingpection

2.24.1 Judification for Inspection Methods Criticd Characteristics

Dedtructive and /or Non-Destructive ingpection methods may be required for some parts.
Normadly, destructive inspections are done on coupons or part segments which are cast or
forged from the same materid heet lot. These inspections are typicaly accomplished by
the cagting or forging vendor who then certifies that lot. In some cases, 100% ultrasonic
or radiographic tests are required and records kept for future reference.

Non-Dedtructive ingpection methods are often 100% for flight safety critica parts and
will be accomplished as specified on the applicable drawings. Each required inspection is
to verify that some criticd characterigic has been met, i.e, no defects in materid,
processing, manufacturing, or deviations from dimensond requirements.

Electrical Inspection. For controls and associated components to be approved for
operation on the engine, they must pass the required specifications for their ability to:
monitor engine functions, process the functions, control the engine, process the
prescribed sgnals to the cockpit, and store signals for future use; under severe conditions
of dtitude, humidity, temperature, eectromagnetic compatibility (EMC), shock, and
vibration as per specifications listed in the index. The data received and transmitted by
the controls and components will be required to monitor engine and environmenta
functions and combine this data to control the engine and present information to the
cockpit for reliable and safe control of the arcraft a al times. The control components
must be compatible with received and transmitted eectromagnetic energy so there will be
no interference with control and monitoring functions of the engine.

225 Typicd Criticd Charecterigics (Basdine)
The following are typicd critical characteristics for engine components which must be
considered basdine. Other critical characteristics may be added by USAATCOM
engineering or, as prompted by field service experience.

2.2.5.1 Gears

Nital Etch Inspection, if required on drawing.

Inspection for white layer, when cdled out on drawing.

Magnetic Particle Ingpection.

Magter Tooling for Bevel Gears.

Bdancing, if cdled out on Drawing.

Bearing and Centering Journals - Runout, Diameter, and Concentricity.
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2252

2.2.5.3

2254

2.2.5.5

2.2.5.6

2.2.5.7

Bearings

Magnetic Particle Inspection for Rings and Sted Cages.

Fluorescent Penetrant Inspection for Non-Ferrous and Non-Magnetic Materids.
Nital Etch Inspection for Rings and Elements.

Baance of Cage, when cdled out on drawing.

Bore Diameter for Main Shaft Bearings.

Shafts

Magnetic Particle Inspection or Fuorescent Penetrant Inspection.
Ultrasonic Ingpection, if required.

Nital Etch Inspection.

Bdancing, when cdled out on drawing.

Bearing and Centering Journa(s) Runout, Diameter, and Concentricity.

Splines

Magnetic Particle Inspection or Fluorescent Penetrant Inspection.
Nital Etch Ingpection.

Threaded Components

Magnetic Particle or Fuorescent Penetrant Inspection.
Nital Etch Inspection, if cdled out on drawing.
Flatness or Squared, if caled out on drawing

Disks

Master Comparator Chart for Dovetail or Fir Tree Sots.

Contour Limits must be met on al surfaces on both sdes of Dovetail or Fir Tree Sot
amultaneoudy.

Centering Journa(s) Runout, Diameter, and Concentricity.

Magnetic Particle or Fluorescent Penetrant Inspection.

Compressor and Turbine Blades

Magter Comparator Charts for Blade Airfails.

Master Comparator Charts for Blade Dovetalls or Fir Trees

Contour Limits must be met on dl surfaces on both sdes of Dovetall or Fir Tree
smultaneoudy (Measurement over PFing).

Magnetic Particle or Fluorescent Penetrant Inspection.

Air andlor Water Flow Checks, if cdled out on drawing.
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2.25.8 Compressor Blisks/Disks

Master Comparator Charts or equivaent for Airfoils as approved by USAATCOM
enginesring.
Magnetic Particle or Fluorescent Penetrant Inspection.

2259 Turbine Nozzles

Magnetic Particle or Fluorescent Penetrant Inspection.
2.2.5.10 Impdlers

Magnetic Particle or Fluorescent Penetrant |nspection.
Bdancing, if cdled out on drawing.
Centering Journa(s) Runout, Diameter, and Concentricity.

2.2.5.11 Turbine Spacers
Magnetic Particle or Fluorescent Penetrant |nspection.
Baancing, if cdled out on drawing.
Centering Journal(s) Runout, Diameter, and Concentricity.

2.25.12 Turbine Cooling Plates

Magnetic Particle or Fluorescent Penetrant |nspection.
Centering Journal(s) Runout, Diameter, and Concentricity.

2.2.5.13 Locking Rings
Magnetic Particle Ingpection or Fluorescent Penetrant Inspection.

22514 Qil Js

Flow Check Through Target Gage.
Pressure Test

2.25.15 Diffusers
Magnetic Particle or Fluorescent Penetrant Inspection

Radiographic Inspections, if cdled out on drawing.
Pressure Teg, if caled out on drawing.
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Throat Opening Dimensons and Vane Orientation.

2.2.5.16 Compressor Stator Vanes

Fluorescent Penetrant Ingpection of Brazed Joints.

22517 Med Tubing

Minimum Internd Diameter.

Pressure Test.

Magnetic or Fluorescent Particle on Welded or Brazed Joints, if called out on drawing.
Braze Filler Materid Requirements, if cadled out on drawing.

22.5.18 Pumps (Cil and Fud)

Shaft Spline Measurement Reference.
Pressure Tedts.

2.2.5.19 Qil Cooles

Fluorescent Penetrant Ingpection.

Radiographic Ingpection, if caled out on drawing.
Fud Side Proof Pressure Test, if caled out on drawing.
Oil Side Proof Pressure Test, if caled out on drawing.

2.25.20 Controls Electronic

Input/Output  Signal  Processing
Vibration

Temperature Cycling
Electromagnetic  Competibility
Functiond Test

2.25.21 Fud Controls (HMU)
Environmental  (Altitude, Fud Temperature)
Vibration
Fuel Pressure
Functiond Test
2.2.5.22 Filters (Ol and Fud)

Pressure Tedts
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2.2.5.23

2.2.5.24

2.2.5.25

2.2.5.26

2.2.5.27

2.2.5.28

2.2.5.29

Bypass Indication

Vaves (Hydraulic and Pneumatic)

Pressures (Flow Rate, Leakage, Back Pressure)
Solenoid Min. and Max. Operating Voltage
Solenoid Insulation Resistance

Solenoid Coil Resstance

Wiring Harness

Insulation Resigtance (Megger)
Continuity Tedts

Thermocouple  Assembly
Insulation Resgtance
Temperature Cdibration
Dimensond  Inspection
Fud Manifold

Pressure Tests

Magnetic or FHuorescent Particle on Welded or Brazed Joints, if caled on in drawing.
Electricd Resgtance
Ignition System
Insulation Resstance
Voltage Operation Range
Power Delivered

Fud Nozze

How Rate and Pressure Test a various Engine Requirements

Spray Characteristics as related to Droplet Size, Cone angle, Pattern, and
Penetration.

Heat Exchangers

Pressure Tests
Magnetic or Fluorescent Particle on Welded or Brazed Joints, if cdled out on drawing.
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2.2.5.30 Alternators

Insulation Resgtance
Shaft Spline Measurement Reference
Output Power Characteristics

2253 1 Pickups (Speed )

Insulation Resgtance
Continuity Tests
Environmentd  Sediing

2.2.5.32 Sensors (Temp and Pressure)

Insulation Resgtance
Continuity Teds
Signa/Accuracy
Environmentd  Seding

22533 Torquemeter

Insulation Resigtance
Continuity Teds
Signa/Accuracy

22534 Springs

Modulus Over Operating Range
2.3 TEST DESCRIPTION

Code A. High Cycle Fatigue Tests

High cycle fatigue testing may be required to qudify some parts due to the
critica nature of the part, high numbers of load cycles imposed on the part,
and/or sengtivity of the part to manufacturing or finishing process. Blades,
whedls, shafts, and gears are some examples of such parts. The preferred
method of fatigue testing is the SN technique, since service lives can be
determined from SN data for any load condition. The procedures for S-N
testing are well documented and therefore are not repested. Variables which
sgnificantly influence the test results, number of specimens, methods of
applying loads, data scatter limits, etc. must be approved by USAATCOM
enginegring. Fatigue test specimens must be of production configuration and
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qudity. The number of specimens to be tested will be proposed by the
contractor and approved by USAATCOM engineering. However, a minimum
of two specimens are required.

A test plan will be submitted in accordance with paragraph 1.4.1.

High Cycde Fatigue (HCF) Life

All pats of the engine mugt have the following minimum high cyde
faigue life

a Sted pats 10 million cycles
b. Non ferrous dloy pats 30 million cycles

HCF testing is accomplished as a part of the engine endurance tes.

Code B. Sed Tedts

Bl.

B2.

B3.

B4.

This section documents the dternate source qudification requirements for
main shaft carbon face seds, bore rubbing circumferentid seds, and
elasomeric lip seds.

Carbon radid or face seds are common in turbine engine dynamic seding
applications. Both the carbon sed and sed contact surfaces require very
fine finishes, usudly expressed in terms of within two to three heium light
bands. Carbon sedls require both a rig and an engine test.

Belows type sedls require a resonance frequency test to ensure that the
bellows spring does not have a natural frequency that will be excited during
engine operation. If the bellows design incorporates a damper, this test
may be waved by USAATCOM engineering.

Elastomeric lip sedls may be qudified by engine testing, accessory gearbox
bench testing or sed rig testing. Between 150-300 hours of test time is
needed to subgtantiate some eastomeric lip seds. The prospective vendor
must submit a test plan, in accordance with paragraph 1.4.1, to
USAATCOM enginearing for approva.

Labyrinth type sedls are used because of demonstrated performance and
reliability a high rubbing speeds. Labyrinth sedl bresk-in occurs during
firs engine run-ups and performance stabilizes without further wesr.
Labyrinth sedl testing is required because of the consequences of an
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B5.

B6.

improperly manufactured sed or wear surface. Labyrinth sed
“tightness” serves to minimize the amount of ar used to protect sumps
from locd high temperatures, maintain proper pressure leves for thrust
baance, and to minimize performance pendties due to leskage. Sed
performance and endurance must be demondrated by test. All labyrinth
seds mus undergo the following teging, as a minimum:

One sample (both rotor and stator) 150 hours engine endurance
tesing with no sgnificant discrepancies following the tes.

Rig Teding:

Rig testing is required for qudification of dl dternate sedls A minimum
of 50 hours test time is needed to ensure that wear rate can be determined
and leskage measurements after wear-in are within specification limits.
The rig test (i.e. gpeeds, temperature, oil, and air flow) must be conducted
under engine operaing conditions. Rig testing is conducted to determine
oil leskage rate and wear-in time. A test plan must be submitted in
accordance with paragraph 1.4.1.

Engine Teding:

Engine testing is required to qudify aternate sources for main shaft carbon
seds Rig tests cannot completdy smulate the therma and vibration
environment of an engine. The amount of test time required will vary
depending on the thermal environment of the sed, the operating speed and
pressure (PV), and its past history. Number of seds tested will vary
depending on these same parameters. The following table shows the high
and low end range for engine testing.

HIGH SEVERITY APPLICATION LOW SEVERITY APPLICATION

Number of samples 3 2
Tota time (Hours) 500 - 1000 300- 500
Minimum time for 300 - 500 150 - 300
1 sed (Hours)

The sed will be conddered in a high severity gpplication if any one of the
following parameters is exceeded:

PV > 300,000 psi-ft/min.
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B7.

Code C.

Cl

C2

Temperature > 450 degrees F
Pressure > 40 psi
Surface Speed > 375 ft/sec

Engine testing will be conducted to the engine specification endurance test
(see code E) or, an dternate test of equivalent severity as approved by
USAATCOM engineering. All sedls must be 100% inspected before and
after endurance testing. All pretest and pod-test deficiencies must be
documented for USAATCOM engineering review. See Appendix for
engine test time needed to qualify sed postions for each engine.

In lieu of testing described above, a source may be approved for some sedls
if the following conditions are met:

a The sed successfully completes a 150 hour qudification test.

b. Following completion of the 150 hour qudification test, the sed
successfully completes the leskage test and al servicesbility checks per
the Depot Maintenance Work Requirement (DMWR).

c. The proposed vendor provides access to both the proposed vendor's
detall drawings and the prime manufecturer’s detall part drawings.

d. The vendor provides engineering anadlysis and prime manufacturer
engineering analyss to assess part design.

Bearing Teds

Bdl and roller bearings supporting the main engine shafts normaly have
multiple sources qudified during engine development testing. These are
high speed, high technology bearings which require extreme qudity control
measures during eech manufacturing sep. The qudificaion testing
congsts of three (3) bearings successfully accumulating 1000 hours of
engine endurance testing (see code E), with one bearing having a minimum
of 500 hours.

Accessory drive bearings usudly are not required to undergo the loads and
Speeds of engine main shaft support bearings. The latter would be required
to be tested in the same manner as engine main shaft bearings. Bearings in
the accessory gearbox can be tested as part of an engine endurance test or,
as part of an accessory gearbox bench test. The amount of time required
for qudification would be a minimum of 150 hours on each of two

bearings. Since many accessory drive bearing sets are identicd, usudly

27



ADS-43A-HDBK

C3

Code D.

only one 150 hour test would be required to meet this requirement as
determined by USAATCOM engineering.

Engine output shaft reduction drive support bearings such as those
designed to drive a propdler, are required to undergo the same

qudification testing previoudy outlined for the engine main shaft bearings.
This would consst of successful completion of 500 hours of endurance
testing on one assembly since identica bearings support each of three or
more cluster gears. A gearbox bench test may be used in lieu of an engine
endurance test as long as the loads, speeds, temperatures, and shaft
moments are equivalent to those experienced during an engine endurance
test. The prospective vendor must propose a test procedure for approva by
USAATCOM engineering before testing is Started.

All bearings must be 100% inspected before and after endurance testing.
All pre-test and podt-test deficiencies must be documented for
USAATCOM engineering review.

Gear Tedts

Bevel gear, most spur gears, helicd gear accessory, plangtary sets, and
associated components must be subjected to an interchangeability test.
Components manufactured by the dternate source must be interchanged
with components manufactured by an approved source to insure complete
interchangeability between components. The exact parts to be
interchanged, depending on the engine configuration, must be proposed by
the candidate dternate source and approved by USAATCOM engineering.
Components must be assembled in the appropriate gearbox or speed
reduction assembly, subjected to an acceptance test for a total test time of
five (5) hours. This test may be waived if the component can be
interchanged successfully during endurance testing. This test is required
only for those components specified in the ETT.

In addition to the Interchangesbility Tests of this Section, al spur, hedicd,
and bevel gears manufactured by a new potentia vendor must be endurance
tested. This condgts of a 150 hour qudification test at rated load and

speed. This test may be conducted as part of an engine 150 hour endurance
test (see code E), or as 150 hour gearbox bench test. All materia, quality,
and drawing requirements must be met. Spird bevel gears require working
master gears traceable to the Grand or Gold Masters. Gleason Summaries
for the specific gear to be manufactured must be made available to the
procuring service upon request. A quaification test is needed for gears to
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ensure that resdud stress in the gear blank, introduced during carbonizing
and/or machining operations, are properly reduced through heat treatment.

All gears must be 100% ingpected before endurance testing. Post-test
ingoection will consst of the following: Three teeth, spaced at 120
degrees, will be ingpected for lead and profile. The lead is to be checked at
three places, one in the mid addendum, one at the pitch diameter, and one
a the mid dedendum. The profile must dso be checked at three places, one
a each edge of face (1/8” in from edge) and one & mid face. This post-test
data will be compared to the pre-test gear inspection data to assess gear
wear above norma “bresk-in" wear. All pretest and post-test deficiencies
must be documented for USAATCOM engineering review.

Code E. Endurance Tests

Engine endurance testing is required to qudity engine parts manufactured
by potentia vendors. The endurance test procedure should be tailored from
the Engine Modd Specification or AV-E-8593D, paragraph 4.6.1.3. The
endurance test procedure requires approva of USAATCOM engineering
prior to testing.

The following codes describe the test length in hours and additiona

quaification requirements necessaty to subdtantiate dternate vendor
designs. These same codes are ligted in the ETT by the part humber and
nomenclature for each engine system.

ENDURANCE TESTING CODES

CODE HOURS ADDITIONAL QUALIFICATION REQUIREMENTS

El 150 Laboratory andysis of materid and processes as
defined by drawing(s) plus faigue testing of
free standing compressor blades, turbine blades,
and vanes. Test pieces must be 100%
dimengondly inspected plus any applicable
ingpection or test required by drawing(s) and
referenced desgn requirements.

E2 150 100% test piece dimensond inspection plus
required ingpections from drawing notes and
referenced design requirements.

E3 300 Laboratory andysis of materid and processes as
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Code F.

defined by drawing(s) plus fatigue testing of
free standing compressor blades, turbine blades,
and vanes. A 100% test piece dimensional
inspection plus any applicable inspection or test
required by drawing(s) and referenced design
requirements.

E4 300 100% test piece dimensional inspection plus
required inspections from drawing notes and
referenced design requirements.

The engine completing the endurance test must be disassembled for
examination of tested part(s). Prior to cleaning, the engine parts must be
given a “dirty inspection” for evidence of leakage, oil coking, unusual heat
patterns, and abnormal conditions. The “dirty inspection” should be
completed before any parts are cleaned. The engine parts should then be
cleaned and a “clean inspection” should be performed. Engine part
measurements must be taken as necessary to determine excessive wear and
distortion. These measurements must be compared with the engine
manufacturer’s drawing dimensions and tolerances and, with similar
hardware, will be within usable limits and have no evidence of impending
failure. Inspection techniques may also include but, not be limited to:
magnetic particle, fluorescent penetrate, x-ray, and ultrasonic. During the
“clean inspection” a visual examination and condition assessment must be
conducted. Upon completion of the clean inspection, USAATCOM
engineering must be provided all results of non-destructive tests. The
USAATCOM Engineering Directorate should be notified of the inspection
start date at least 7 days prior to each inspection.

Low Cycle Fatigue (LCF) Test

A LCF test is sometimes necessary to qualify alternate source critical
rotating engine components, such as turbine disks or compressor blisks.
This step is necessary to ensure the alternate source’s manufacturing
processes do not degrade component life. The LCF test can be
accomplished in either a full engine test or a rig test where the critical
components are rotated in a spin pit independently of the engine. A rig test
is the preferred method of qualification due to the high cost of engine
testing. The specific type of LCF test necessary to qualify a component
will be determined by USAATCOM engineering.

LCF Test (Spin Pit)
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In the spin pit test, components are attached to a rotating shaft and
mechanicaly cycled from low speed to high speed. Criticd engine dress
(therma and mechanicd) need to be cdculated udng finite dement
methods and must be repeated as closdly as possible in the spin pit. Care
must be taken to ensure that the critica stress Stes in the pit do not differ
from those in the engine. The detailed procedure for caculating number of
required test cycles, the number of components to be tested, and the
maximum test speed (rpm) is complex and varied depending on component
desgn and gpplication. This information must be obtained from
USAATCOM  engineering.

The LCF test cycle will be as follows:

Sat cyce

Accderate to maximum rpm required in test
Sabilize & maximum rpm

Decdlerate to 5,000 rpm or less

Repeat

After every 15,000 cycles, or as directed by USAATCOM engineering, the
component will be removed from the pit and ingpected for cracks.
Additiond ingpections will occur a an indication of an anomaly.
Successful accomplishment of the test will be based on completion of the
required number of cycles without the occurrence of a crack of detectable
Sze

LCF Tegt (Engine)

The number of cycles required for this test will be directed by
USAATCOM engineering. Prior to the tedt, the engine control will be
adjusted to provide the maximum dlowable acceleration fue flow
schedules and maximum alowable garting fud flow schedules.
Decderation fud flow schedules will be presst to provide maximum
therma shock. The customer bleed air will be set with a fixed orifice to
provide maximum permissble bleed ar flow. The accessory pads will be
loaded to provide maximum continuous loads.

The LCF Test cycle will be as follows.

Approximate Approximate
Totd Time Schedule time
(Minutes) (Minutes) Event
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Code G.

0.5 0.5 Sat engine

2.5 2.0 Run a idle

2.6 0.1 Accelerate to max power

5.1 2.5 Run a maximum power

5.2 0.1 Decderate to idle

8.2 3.0 Run a ide

8.3 0.1 Accderate to maximum
continuous  power

10.8 2.5 Run a maximum continuous
power

10.9 0.1 Decderate to idle

12.9 2.0 Run a ide

15.0 2.1 Shutdown and cool down

Following completion of the prescribed numbers of cydes, using the above
schedule, the engine will be disassembled and the test part(s) inspected for
evidence of cracking. Successful accomplishment of the test will be based
on completion of the required number of cycles without the occurrence of a
crack of detectable size.

Engine Peformance Tests

System Check: Conduct a back-to-back engine test to acceptance test
procedure. Firg use a qualified stator assembly to establish a basdine
performance, i.e, shp, sfc, Ng (corrected), etc. Establish an adequate surge
margin by doing a surge margin check listed in the overhaul acceptance test
specification. If the acceptance test procedure does not contain an
appropriate surge check, USAATCOM engineering will provide a
procedure to accomplish a surge check. Ingdl qudification hardware and
redo acceptance test to establish new performance parameters. Acceptance
tesing will establish a load line to determine if the surge margin is above or
bdow minimum. The primary concern is reduced surge margin.
Acceptance of performance parameters will be based upon direction and
maegnitude of difference. If surge margin check indicates problems
(surges), the following can be conducted:

Surge Line Determination

a. Run back-to-back compressor rig test or,

b. Inflow bleed engine test (integration effects included).
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Code H.

Code I.

Code J.

Code K.

Code L.

Note Maximize the load line reduction to mantan surge margin, if
required.

If areview of the performance data indicates the posshility of ar flow
reduction a congtant pressure ratio, then additiond testing must be
conducted to determine if the air flow a maximum alowable gas generator
gpeed has been impacted. This testing will have to be conducted at low
ambient temperatures (I < O degrees F) to reach the maximum referred gas
generator speed. Specia arrangements have to be made to conduct the
tesing & low ambient temperatures.

Specid Teds

Specid testing is required to qudify this type of component due to service
experience, design experience, or absence of complete manufacturing data.
Contact USAATCOM engineering for specific direction on dternate source
qudification requirements for these parts.

Electronic Control Testing

Tedting of the dectronic control will be as directed by USAATCOM
engineering. A digitd device will require input/output check to determine
if the Sgnd processor has the required software to process the input to give
the correct output, and that dectromagnetic compatibility requirements
have been met. The control will require tests to determine if the input
sgnas are processed to give the correct out signd. Burn-in (stress
screening) testing may dso be required.

Fud Control Tedting

Tedting of the fuel contral is required to determine if the control will supply
the correct fued flow under different conditions of dtitude, inlet fue
pressure, and temperature. Contaminated fud and pump cavitation tests
may aso be required. Procedure should be as directed by USAATCOM

enginesring.
Vadve Assembly (Hydraulic and Pneumétic)

Vaves require testing to determine that they meet the required flow rate,
critica diameter, leakage and back pressure, and if solenoid operated, the
minimum and maximum operating voltage.

Wiring Harness
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Code M.

Code N.

All wiring harness will require continuity and insulation resgance tedts.
Thermocouple Assembly

All thermocouple assemblies require insulation resstance, temperature
cdibration, and dimensond tests before use. Electrical resstance may be
limited to a specific vadue.

Electrical Tedts

The vendor must ingpect and test dl controls and dectricd components per
the dectrical requirements of the Engine Modd Specification, the
component specifications, or the gpplicable portion of the following
Specifications:

ADS-37A-PRF Aeronauticd Dedgn Standard
Electromagnetic Environmental Effects (E3)
Management, Design, and Test

Requirements
MIL-STD-498C Software Development and Documentation
MIL-STD-461 C Electromegnetic Emisson and Susceptibility

Requirements for the control of
Electromagnetic  Interference

MIL-STD-462 Electromagnetic Interference (Notice 3)
Characterigtics, Measurement  of

SAE AF4L Protection of Aircraft Electrica/Electronic
Sysems Againg the indirect effects of
lightning

MIL-STD-704D Aircraft Electricd Power Characterigtics

MIL-W-5088 Wiring, Aerospace Vehicle

MIL-STD-454 Standard General Requirements for

Electronic  Equipment

DOD-STD-1795 Lightning Protection of Aerogpace Vehicles
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MIL-B-5087 Bonding, Electricd, and Lightning
Protection, for Aerospace Systems

MIL-STD-1553 Digitd Time Divison Command/Response
Multiplex/Daa Bus

MIL-STD-1773 Fiber Optics Mechanization of an Aircraft
Internd  Time Divison/Response Multiplex
Data Bus

MIL-C-38999 Connector, Electricad Circular Miniature,

High Dendty Quick Disconnect (Bayon,
Threaded and Breech Coupling)
Environment Resstance, Removad Crimp,
and Hermetic Solder Contacts, General Spec
for,

Code 0. Fud Nozzles

Spray characterization: Nozzles designed with same flow and pressure may
produce dissmilar spray characterigtics due to severa factors such as
different internd geometry. It must be demondrated that the dternate
design has the same characteristics as the qudified design. Some of the
characteridics require the use of the nozzle/swirler combination.

Combustor Rig: Combugtor rig testing is required because dight or minor
differences in soray characteristics can produce mgor shifts in PTF or
radia profile numbers. Adverse shifts can cause severe hot section
disressfalure. Exit profiles cannot be measured by engine tet. Any
adverse profiles must be identified in a rig to avoid engine damage. The rig
will provide a firg look at ignition characterigtics in a sysem leve unit.
Combugtor rig provides patid dmulation of fud nozzle operation
environment and will identify any mgor flame dability problems. The use
of the combugtor rig to identify mgor flame dability problems is
economicaly prudent when compared to the use of an engine dtitude test
to identify such problems.

231 Test Code Guiddines

COMPONENT TEST CODE
ALTERNATORS H,N
BEARING C
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BLISK

COMBUSTOR
COMPRESSOR BLADE
CONTROLS ELECTRONIC
COOLING PLATE ##*
DIFFUSER * * *

DISC

FRAME

FUEL CONTROL, MECHANICAL
FUEL MANIFOLD

FUEL NOZZLE

GEAR

GEARBOX

HEAT EXCHANGER
HOUSING/CASE
IGNITION SYSTEM
IMPELLER

LOCKING RING

NOZZLE *

OIL COOLER

OIL JET

OIL PUMP

PICKUPS (SPEED AND ETC)
PUMPS (OIL AND FUEL)
SEAL

SENSORS (TEMPERATURE & PRESSURE)

SHAFT

SHROUD **

SPACER

SPRINGS

STATOR/VANE
THERMOCOUPLE ASSEMBLY
THREADED COMPONENT
TORQUEMETER

TUBING

TURBINE BLADE
VALVES

WIRING HARNESS

Test can be waived if coating source is approved.

A ElLF G
E2
A, El
LN, H
E2, F
E2, G
E2, F
E?2

L H

H
E4,0
D

E?2

H
NONE
H,N
El, F, G
NONE
El

H
NONE
H
H,N
H

B
H,N
E?

B
NONE
H

A, H, G
M,N
NONE
H,N
NONE
El

K
LN

Test can be waived if component is not brazed or coated.
If an engine LCF test is performed (Code F), an engine endurance test (Code E),

is not required for these components.
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For dl components the castings or forging source must be an USAATCOM engineering
approved source.

For dl new sources a form, fit and function acceptance test is necessary.

QUALIFICATION REQUIREMENTS FOR MAIN SHAFT CARBON
FACE/CIRCUMFERENTIAL SEALS FOR THE T53-L13

PIN

1-300-W

Forward Comp Shaft
on 1 Sed (Face)

[-300-173
Aft Comp Shaft

(Fwd)
(Circumferentid)

|-300-336

|-300-616

Aft Comp Shaft
(Aft)
(Circumferentid)

RIG TEST ENGINE TEST
50 Hours 300 Hrs. Tota 150 Hrs
Minimum Minimum.

2 Samples
50 Hours 750 Hrs Total, 400 Hrs
Minimum Minimum on 1 Sed

3 Samples
50 Hours 500 Hrs Total, 300 Hrs
Minimum Minimum

3 Samples
50 Hours 700 Hrs Total, 300 Hrs
Minimum Minimum

3 Samples

37

RATIONALE

This sedl is consdered a
low severity sed
according to guiddines,
because of the
temperature and low
surface speed (150
degrees F, 3 18 ft/s).

This sedl is congdered a
high severity sed
according to guiddines,
because of its high
temperature and surface
speeds (715 degrees F,
364 ft/s).

This sedl is consdered a
high severity sed
according to guiddines,
but is rated at the low
end of the high severity
range because of its
exposure to high
temperatures, but low
surface speed (650
degrees F, 287 ft/s).

This sedl is consdered a
high severity sed
according to guiddines,
because of its exposure
to high temperature and
high surface speed (735
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|-300-334

Output Shaft (Face)

50 Hours
Minimum

300 Hrs Total, 150 Hrs

Minimum on 1 Sed

2 Samples

degrees F, 377 ft/s).

This sedl is consdered a
low severity sed
according to guiddlines,
and is rated at the low
end of the low severity
range because of the

low temperature and
surface speed vaue)

QUALIFICATION REQUIREMENTS FOR MAIN SHAFT CARBON

FACE/CIRCUMFERENTIAL SEAL FOR THE T55 ENGINE.

PN

2-101-731
Forward Comp
Shaft
(Circumferentid)
2-300-323

Aft Comp Shaft
(Circumferentid)

2-300-973

2-300-387

RIG TEST ENGINE TEST
50 Hours 500 Hrs Total, 300 Hrs
Minimum minimum on 1 Sed
50 Hours 750 Hrs Total, 400 Hrs
Minimum Minimum on 1 Sed

3 Samples
50 Hours 500 Hrs. Totd, 400 Hrs
minimum Minimum on 1 Sed
50 Hours 1000 Hrs Total, 500 Hrs
Minimum Minimum on 1 Sed

38

RATIONALE

This sedl is consdered a low
Sseverity sed according to
guiddlines, but is rated a the
top end of the low severity
range because of high surface
speed (338 ft/s).

This sed is congdered a high
Sseverity sed according to
guiddlines, because of its
high temperature and surface
speeds (600 degrees F, 345
ft/s). This sed has a higory
of problems.

This sed is consdered a high
Severity sed according to
guiddines, because of its
exposure to high temperature
(600 degrees F).

This sed is conddered a high
Sseverity sed according to
guidelines, but is rated at the
top end of high severity
because of its exposure to
high temperature (900
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[-300-045

Output Shaft
(Circumferentid)

50 Hours
Minimum

3 Samples

300 Hrs Total, 150 Hrs
Minimum

2 Samples

degrees F). This sed has a
history of problems.

This sed is consdered a low
severity sed according to
guiddines, and is rated a the
low end of the low severity
range because of the low
temperature and surface
speed vaues (300 degrees F,
135 ft/s).

QUALIFICATION REQUIREMENTS FOR MAIN SHAFT CARBON
CIRUMFERENTIAL SEALS FOR THE T700/701

P/N

6039T37P01,
6053T48P01

No. 1 Forward A-
JUmp
Circumferentid
Tandem Dud

5044T41P01,
5044T41P02

No. 5 Forward C-
Sump
Circumferentid
Sngle

RIG TEST

50 Hours
Minimum

50 Hours
Minimum

ENGINE TEST

500 Hrs Total, 300 Hrs
Minimum on 1 Sed

2 Samples

500 Hrs Totd, 300 Hrs

minimum on 1 Sed

3 Samples

39

RATIONALE

This sedl is consdered a
low severity sed with
moderate temperature and
low surface speed (370
degrees S and 258 ft/s).

This sedl is consdered a
low severity sed with top
of the low range
temperature and low
surface speed (425 degrees
F and 192 ft/s).
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SECTION 3

OVERHAUL and MAJOR REPAIR
REQUIREMENTS

AND
IDENTIFICATION OF CRITICAL CHARACTERISTICS
FOR

AIRCRAFT ENGINE COMPONENTS
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3.1

3.2

321

3211

322

3221

INTRODUCTION

Section 3 discusses criticd characteritics for parts identified as FSP as gpplicable to
the overhaul process. It aso identifies the ingpection(s) and test(s) for FSP a the time
of engine overhaul. The gpplicable DMWR identify the FSP for each engine, as well
as the required test and inspection procedures.

CRITICAL CHARACTERISTICS

A criticd characterigtic is defined in paragraph 1.1.4. All criticd characterigtics
require 100% inspection, as specified in the applicable DMWR.

Materids

During the overhaul program, it is assumed that dl of the materid criticd
characteridtics (i.e. materia compostion, grain sze, tracegbility of rav materid) were
met during manufacture of the part. The materid critica characteristics of concern
during the overhaul process are cracks and hardness.

Judtification for Materid Critical Characterigics

Engine components, particularly hot section components, are prone to developing
cracks. These cracks must be detected and evaluated in accordance with the DMWR
to determine if the part is usable, requires rework, or must be replaced. Cracks are
detected by magnetic particle ingpection, fluorescent penetrant ingpection, radiographic
ingpection, etc. Due to hot dtarts, engine over temperature conditions, and temperature
cycles engine component materia properties may be dtered reducing the life of the
part. Degraded parts are identified by the use of hardness tests. Parts are usable or
must be replaced in accordance with criteria specified in the DMWR.

Dimendons

The dimensions of a part or component are variables which can be expressed as mass,
dengty, length, area, volume, finish, or angle. In some cases, when deding with an
assembly, moment or torque of a fastener is important. If any dimendon is cdled out
as a critical characteridtic, it must be verified on each part.

Judtification for Dimensona Characteridics
Some dimensions that are critica a overhaul are: bore diameters in bearing housings,
turbine disks, diameters of compressors sections, turbine shafts, blisks, turbine

assemblies, etc.; torque for assembly of the compressor assembly, turbine assemblies,
and gear boxes, excessve play in bearings, efc.
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323

3231

3.24

3.24.1

3.2.5

3.25.1

Assembly Procedure

Assembly procedures may require specid tools, a prescribed sequence of assembly or
controlled assembly methods (i.e. specific torque, specific lubrication requirements
etc.).

Judtification for Assembly Procedure Criticd Characteristic

Some assembly procedures for turbine assemblies, controls, compressor assemblies,
and gear boxes are critica characteristics. These may include ingdlation of bearings,
gears, turbine blades, baancing compressor and turbine assemblies, oil tubes, labyrinth
seds, assembly and ingtdlation of carbon sedls, compressor sators, turbine nozzles,
etc.

Pressure Testing

Aircraft and engine fluid systems are pressure tested to determine that tanks,
reservoirs, fluid lines, and other parts of the engine which contain fluid are capable of
withstanding a specified pressure without rupture or leskage.

Judtification for Pressure Tegting Criticad Characterigtic

Fud and oil lesks by any of the engine components are fire hazards and are therefore
to be prevented. Pressure tests are conducted on al hoses and tubes, oil coolers, fud
heaters, fue and ail filters, and other components which contain combustible fluids.
Fud controls, gear boxes etc., are checked for leskage during the Engine Acceptance
Test.

Service Life

Some engine components (i.e. shafts, disks, turbine and compressor blades, etc.) are
subject to repeated cyclic loads which could cause fatigue falures. For some a usable
savice life has been established.

Judification for Sarvice Life Criticd Characterigic

Service lives for certain engine components were established by tests conducted on the
components and engineering evauation of the test results. Use of the part beyond its
established ussful life could result in catasirophic engine falure. Therefore, it is
important that accurate records be kept of the operating time accumulated on these
components and components are removed from service when they reach ther
mandatory replacement times.
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3.2.6 Engine Acceptance Test

The Engine Acceptance Test is conducted to insure the engine meets the performance
requirements noted in the DMWR. These include power ddivered under ambient
conditions of temperature and pressure dtitude, power turbine inlet temperature, fue
consumption, vibraion limits, leskage of compressor air, fud or oil leskage from
anywhere on the engine, satisfactory performance of gear boxes, oil temperature
within limit etc.

3.26.1  Judification for Engine Acceptance Test Criticd Characteristic

The Engine Acceptance Test incorporates performance parameters for the engine
assembly and a number of components which have no other identified criticd
characteridtics. These include engine vibration, fuel, oil and ar lesks, engine power
output etc. To ensure tha the engine will perform satisfactorily when inddled in the
arcraft, dl of the above parameters must be met.

3.2.7 Processes

Processes include al of the operations, trestments, finishes, etc. which take place
before, during and after overhaul of the engine. Processes are described in the
DMWR, government technicd publications, and industry technicad publications.
Processes used during engine overhaul include the following:

Weding

Soldering

Riveting

Swaging

Cleaning

Plating

Painting

Bonding

Pressure Test

. Flow Rate Test

Insulation Resigtance Test
. Resstance Test

Megger Test

Continuity Resgtance Test
Software Conformation

UOZZIrA-IOMMUO®m>

3.2.7.1 Judtification for Process Criticd Characteristics
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The organization respongble for overhauling the engine must inspect and test dl
ferrous and non-ferrous materias as specified in the DMWR. Classes of welds must
be as specified. Stress rief procedures must be rigidly followed to reduce the
possihility of cracks. Braze joints must be done and inspected in accordance with
gpplicable documents to insure there are no more than the alowable voids in the joint.
Good solder joints are required for good eectrical continuity and for complete sedling
agang moigture or fluids. The soldered surfaces must be completdy wetted with
smooth beads and fillets. If used, rivets must be set properly with good contact
between faying surfaces. Ingpection is primarily visua for absence of cracks, strain
lines, buckling or warping, and for the presence of adhesive or seder, where required.
Swaged joints must be free of cracks or grain lines and have the proper flare. Swaging
is used primarily on cables, metd lines, or flexible hose fittings, and may be criticd in
application. Annedling may be required to reduce the stresses in welded parts.
Cleaning of a part or assembly is an important prerequisite for gpplication of coatings,
painting, or bonding. This is a critical step to achieve good results for what ever
process follows. The correct procedures for plating, painting, and bonding, and the
asociated ingpection criteria are covered in the DMWR. Software confirmation is
necessary to determine that the required ingructions are in the non-volaile memory
for processing the digita control system when it is operating. Pressure tests are
required on filters, pumps, and vaves to test for flow rates and back pressure leskage.
These tests will determine that the components are assembled correctly. Electrica
tests for resstance, continuity, and proper function will be required for dl wiring
harnesses, ignition system components, solenoid coils, dternators, pickups, sensors,
and torque pick up coils. Any process or procedure intended to restore a critica
characteristic should be approved by USAATCOM engineering prior to use in the
overhaul program.

328 Inspection Methods

During the overhaul process, various ingpection methods are used to insure that the
criticd characterigtics of engine parts and components have not been degraded. The
following are some of the ingpection methods used during engine overhaul:

Electromagnetic  Tegting

X-ray Teding (Radiography)

Liquid Penetrant Tedting

Magnetic Paticdle Teding

Ultrasonic  Tegting

Brinell or Rockwell Hardness Testing
Pressure Flow or Leskage Testing
Visud

Electricd  Ingpection

L. Dimensond Inspection

TIOMUO®m®

~
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3281

329

29.1

3.29.2

3.2.9.3

Judtification for Inspection Methods Criticadl Characteristics

For certain parts and components, 100% inspection by one or more of the above
methods is required during the overhaul process to ensure that the critical
characteristics have not been compromised. Visud and dimensond inspections are
required on amog dl engine parts. Electricd ingpections are required on al eectrica
components. Evauation of some eectricd components, i.e. the dectronic engine
control, require specid test equipment to insure proper performance of the unit.

Typica Criticd Characteridtics (Basdling)

The following are typical critical characterigtics for engine components which must be
consdered basdine for engine overhaul. Other critica characteristics may be added
by USAATCOM engineering or as prompted by fied service experience.

Gears

Nital Etch Inspection, if required in DMWR.

Magnetic Particle Ingpection.

Badancing, if cdled out in DMWR.

Bearing and Centering Journals - Runout, Diameter, and Concentricity
Visud for Fretting, Corroson, etc.

Bearings

Bore Diameter for Main Shaft Bearings.
Visua Inspection for Spaling, Corroson, and Damage.

Shafts

Magnetic Particle Ingpection or Fluorescent Penetrant Inspection.
Ultrasonic Ingpection, if required in DMWR.

Nital Etch Inspection.

Bdancing when cdled out in DMWR.

Bearing and Centering Journa(s) Runout, Diameter and Concentricity.
Savice Life Limits

3.2.9.4 Splines

Magnetic Particle Ingpection or Fluorescent Penetrant Inspection.
Nital Etch Inspection.
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3.2.9.5

3.2.9.6

3.2.9.7

3.29.8

3.2.9.9

3.2.9.10

3.29.11

Threaded Components

Magnetic Particle Ingpection or Fluorescent Penetrant Ingpection, if called out in
DMWR.

Nital Etch Inspection, if caled out in DMWR.
Visud Ingpection for Gdling, Corroson, etc.

Disks

Centering Journal(s) Runout, Diameter, and Concentricity.

Magnetic Particle or Fluorescent Penetrant Inspection.

Savice Life Limits

Compressor and Turbine Blades

Contour limits must be met on dl surfaces on both sdes of dovetal or fir tree
amultaneoudy (measurement over ping).

Magnetic Particle or Fluorescent Penetrant Inspection.

Air and/or Water How Checks, if caled out in DMWR

Savice Life Limits

Blisks

Magnetic Particle or Fluorescent Penetrant |nspection.
Savice Life Limits

Turbine Nozzles

Magnetic Particle or Fluorescent Penetrant |nspection.
Impellers

Magnetic Particle or Fluorescent Penetrant Ingpection.
Bdancing, if cdled out in DMWR.

Centering Journa(s) Runout, Diameter and Concentricity.
Savice Life Limits

Turbine Spacers

Magnetic Particle or Fluorescent Penetrant Ingpection.

Bdancing, if cdled out in DMWR.
Centering Journa(s), Runout, Diameter and Concentricity.
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3.29.12

3.29.13

3.29.14

3.2.9.15

3.2.9.16

3.29.17

3.29.18

3.2.9.19

Turbine Cooling Plates

Magnetic Particle or Fluorescent Penetrant Inspection.
Centering Journa(s) Runout, Diameter and Concentricity.
Savice Life

Locking Rings

Magnetic Particle or Fluorescent Penetrant Inspection.

Oil Js

Flow Check through Target Gage.
Pressure Test
Visud Inspection for Damage or Corrosion.

Diffusars

Magnetic Particle or Fluorescent Penetrant Inspection
Radiographic Ingpections, if cdled out in DMWR.
Pressure Teg, if cdled out in DMWR.

Throat Opening Dimengons and Damage to Vanes.
Compressor Stator Vanes

Fluorescent Penetrant Inspection of Brazed Joints.
Visud Inspection for Eroson and other Damage.

Metd Tubing

Pressure Test
Magnetic or Fluorescent Particle on Welded or Brazed Joints, if caled out in DMWR.

Pumps (Oil and Fud)

Shaft Spline Measurement Reference.
Pressure Tests.

Oil Coolers
Huorescent Penetrant Inspection.

Radiographic Ingpection, if cadled out in DMWR.
Fud Sde Proof Pressure Ted, if cdled out in DMWR.
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3.2.9.20

3.29.21

3.29.22

3.2.9.23

3.2.9.24

3.2.9.25

3.2.9.26

3.29.27

Oil Side Proof Pressure Ted, if cdled out in DMWR.

Controls Electronic

Input/Output  Signal  Processing
Temperaiure Cydling

Fud Controls (HMU)

Fud Pressure
Fud Flow on Demand Schedule

Flters (Oil and Fud)

Pressure Tests
Bypass Indication

Vaves (Hydraulic and Pneumatic)

Pressures (Flow Rate, Leakage, Back Pressure)
Solenoid Min and Max Operding Voltage
Solenoid Insulation Resgtance

Solenoid Coil Resstance

Wiring Harness

Insulation Resgtance
Continuity Teds

Thermocouple  Assembly

Insulation Resgtance

Temperature Cdibration - Jet Cd Test
Visud Inspection for Damage

Fud Manifold

Pressure Tests

Magnetic Particle or Fluorescent Penetrant on Welded or Brazed Joints

Electricdl Resgance

Ienjtion Svstem
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Insulation Resstance
Voltage Operation Range
Power Ddivered

3.29.28 Fud Nozzle

Flow Rate and Pressure Test a various Engine Requirements

Spray characterigtics as related to Droplet Size, Cone Angle, Pattern, and

Penetration
Visud Ingpection for Damage

3.29.29 Heat Exchangers

Pressure Tests

Magnetic or Fluorescent Particle on Welded or Brazed Joints, if cdled out in DMWR

3.29.30 Alternators

Insulation Resgtance
Shaft Spline Measurement Reference
Output Power Characteristics

3.2.9.31 Pickups (Speed and etc.)

Insulation Resgtance
Continuity Tedts
Visud Inspection for Damage

3.2.9.32 Sensors (Temp and Pressure)

Insulation Resstance
Continuity Tests
Signd/Accuracy

Visud Ingpection for Damage

3.29.33 Torquemeter
Insulation Resgtance
Continuity Teds
Signal/Accuracy
Visud Ingpection for Damage

32934 Springs
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3.3

Dimensond Ingpection for Length
Visud Inspection for Damage/Corrosion

TEST DESCRIPTION

The engine will be subjected to an acceptance test in accordance with the gpplicable
DMWR after completion of the inspections and assembly of parts and components
during the overhaul program. An engine test stand, which has the capability for
determining engine output power, specific fue consumption, turbine inlet temperature,
compressor discharge pressure, Smulate various dtitudes and temperatures etc., is
required for this test. During the acceptance test, the engine is checked for compliance
with dl DMWR requirements i.e, peformance, fue consumption, turbine inlet
temperature, compressor discharge pressure, vibration etc. The engine is dso checked
for fluid and air lesks. Any discrepancies must be corrected in accordance with
ingructions in the DMWR before the engine is ddlivered to the user.
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41

4.2

421

4211

422

4221

INTRODUCTION

Section 4 discusses critical characteristics for parts identified as FSP as applicable to
the maintenance process. It dso identifies the ingpection(s) and test(s) for FSP at the
time of engine mantenance. The gpplicable Aviaion Unit and Intermediate
Maintenance Manuds (TM’s) identify the FSP for each engine, as well as the required
test and ingpection procedures.

CRITICAL CHARACTERISTICS

All critica characterigtics defined in paragraph 1.1.4 require 100% ingpection, as
specified in the goplicable technicd manud.

Materids

It is assumed that dl of the materid critica characterigtics (i.e. materid compostion,
gran sze, maeriad source) were met during manufacture of the part. The materid
critica characteristics of concern during the maintenance process are hidden defects,
cracks, oxidation, dents, scratches, gouges etc.

Judtification for Materid Criticd Characterigtics

Turbine engine components are prone to developing cracks. These cracks must be
detected and evauated in accordance with the TM to determine if the part is usable as
is, requires rework, or must be replaced. Cracks are detected by appropriate
ingpection. Due to theema and mechanical cycling, engine components may be
degraded. Parts suspected of being subjected to hot starts or over temperature
conditions are to be removed from service for further evauation a depot. Parts are
usable or must be replaced in accordance with criteria specified in the TM.

Dimendons

The dimensions of a part or component are variables which can be expressed as length,
areg, finish, or angle. In some cases, when dedling with an assembly, moment or
torque of a fastener is important. If any dimension is cdled out as a criticd
characteridtic, it must be verified on each part.

Judification for Dimensond Characteridics
Some dimendons that are critical during maintenance are torque for inddlation of the
compressor housing assembly, turbine assemblies, and gear boxes, dimensons of

cracks and damaged aress, etc. Damage which exceeds the specified dimensiond
limits could result in premature falure of the part.
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4.2.3

4231

42.4

4241

4.2.5

4251

Assembly Procedure

Assembly procedures may require specid tools, a prescribed sequence of assembly, or
controlled assembly methods (i.e. specific torque, specific lubrication requirements
etc.).

Judtification for Assembly Procedure Criticdl Characteritic

Some assambly procedures for ingdlation of engine fud and eectronic contrals,
compressor housing assemblies, wiring , plumbing, and gear boxes are critica
characteridics. These may indude ingdlation and rigging of fud controls, inddlation
of engine gear boxes, proper inddlaion of wiring and plumbing controls, ingalation
of compressor housing assemblies and blending of compressor or turbine blades,.

Pressure Testing

Aircraft and engine fluid systems are pressure tested to determine that tanks,
reservoirs, fluid lines and other parts of the engine which contain fluid, are capable of
withstanding a specified pressure without rupture or leakage.

Judtification for Pressure Tedting Criticd Characterigtic

Fud and ail lesks by any of the engine components are fire hazards and are to be
prevented. Pressure tests are conducted on al hoses, tubes, oil coolers, fue hegaters,
fud and ail filters, and other components which contain combustible fluids. Fud
controls, gear boxes etc. are checked for leskage during the Engine Acceptance Test.

Savice Life

Some engine components (i.e. shafts, disks, cooling plates, etc.), are subject to
repeated therma and mechanicd cycdling which result in low cycle fatigue damage.
Low cycle faigue is the mgor contributor to establishing component life. To prevent
reduction of low cycle faigue life, the factors contributing to low cycle fatigue, i.e.
materia properties and processing, surface finishes etc., must be carefully controlled.

Judification for Savice Life Criticd Characterisic

Service lives for certain engine components were established by tests conducted on the
components and engineering evaluation of the test results. Use of the part beyond its
esablished useful life could result in catagtrophic engine failure. Therefore, it is
important that accurate records be kept of the operating time accumulated on these
components and that the components are removed from service when they reach ther
savice life limit. On the T700 engine, low cycle fatigue ( full count), low cyde
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4.2.6

4.26.1

4.2.7

4271

fatigue (‘partid count) and time temperature index are monitored to assig in tracking
parts lives.

Engine Acceptance Test

The engine acceptance test is conducted to insure that the engine meets the
performance requirements noted in the TM. These include power ddivered under test
conditions specified in the gpplicable TM, turbine temperature, fud consumption,
vibration limits, leskage of compressor air, fud or oil leskage from anywhere on the
engine, satifactory performance of gear boxes, oil temperature within limit etc.

Judtification for Engine Acceptance Test Criticadl Characteridtic

The Engine Acceptance Test incorporates performance parameters for the engine
assembly and a number of components which have no other identified critica
characteridics. These include engine vibration, fuel, oil and ar lesks, engine power
output etc. To ensure that the engine will perform satisfactorily when ingdled in the
arcraft, dl of the above parameters must be met.

Processes

Processes include dl of the operations, treatments, finishes, etc. which take place
before, during, and after engine maintenance. Processes are described in the TM,
government technical publications, and industry technica publications. Processes
used during engine maintenance include the following:

Welding

Brazing
Soldering
Riveting

Swaging
Cleaning
Painting
Bonding

IEMMOUO®>

Judtification for Process Critic Characterisics

The organization responsble for maintaining the engine must ingpect and test dl
ferrous and non-ferrous materids as specified in the TM. Wdding condsts of joining
metd by applying heat, pressure or both, with or without filler materid, by fuson and
recrystdlization across the joint inteface. Welding can be accomplished by the fusion
or resstance welding processes. Welds can be ingpected by radiographic means,
ultrasound, magnetic particle ingpection, eddy current, penetrant inspection, and
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4.2.8

4281

dedtructive tedting. Brazing is smilar to weding. Grade A braze joints must have not
more than 20% of the faying surface unbrazed for duminum, or 15% for al other
metals. No single unbrazed area is to exceed 20% of the overlap area. Grade A joints
are to be subjected to radiographic, ultrasonic, or dye penetrant inspections. Good
solder joints are required for good eectrica continuity and for complete seding
agang moigure or fluids. The soldered surfaces must be completely wetted with
smooth beads and fillets. If used, rivets must be set properly with good contact
between faying surfaces. Ingpection is primarily visud for absence of cracks, gtran
lines, buckling or warping, and for the presence of adhesve or sedler where required.
Swaged joints must be free of cracks or gtrain lines and have the proper flare. Swaging
IS used primarily on cables, metd lines or flexible hose fittings and may be criticd in
gpplication. Cleaning of a part or assembly is an important prerequisite for application
of coatings, painting, or bonding. This is a critical step to achieve good results for
what ever process follows. The correct procedures for painting and bonding, and the
associated inspection criteria are covered in the TM. Pressure tests are required on
hoses and tubes to test for leskage. These tests will determine that the components are
assembled correctly. Electrica tests for resistance, continuity, and proper function
will be required for dl wiring harnesses, ignition system components, solenoid coils,
dternators, pickups, sensors, and torque pick up coils.

Inspection Methods

During the maintenance process, various ingpection methods are used to insure that the
critica characteristics of engine parts and components have not been degraded. The
following are some of the ingpection methods used during engine maintenance:

A. Liquid Penetrant Testing
B. Pressure or Leakage Testing
C. Visud

D. Electricd Ingpection

E. Dimensond Inspection

Judtification for Inspection Methods Criticd Characteridtics.

For certain parts and components, 100% inspection by one or more of the above
methods is required during the maintenance process to insure that the critical
characteristics have not been compromised. Liquid penetrant testing is used to locate
cracks and other surface imperfections which may make the component unacceptable.
Pressure tests are required on hoses and tubes to test for leakage. These tests will
determine that the components are assembled correctly. Visud ingpections are
required on accessible engine parts. Electricad tests for resstance, continuity, and
proper function will be required for al wiring harnesses, ignition sysem components,
solenoid coails, aternators, pickups, sensors, and torque pick up coils. Evauation of
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4.2.9

4291

4.29.2

4293

4.29.4

4.2.9.5

4.2.9.6

4.29.7

some eectricd components, i.e. the eectronic engine control, is accomplished during
the engine acceptance test. Dimensond ingpection is necessary to determine if the
pat meets the TM dimensiona requirements.

Typicd Criticadl Characterisics (Basdline)

The following are typica criticd characterigics for engine components which must be
conddered basdine for engine maintenance. Other critical characteristics may be
added by USAATCOM engineering or, as prompted by field service experience.

Gears

Bearing and Centering Journds - Runout, Diameter, and Concentricity
Visud for Fretting, Corrosion, €tc.

Bearings

Bore Diameter for Main Shaft Bearings.
Visua Inspection for Spalling, Corroson, and Damage.

Shafts

Fluorescent Penetrant Inspection

Bearing and Centering Journal(s) Runout, Diameter and Concentricity.
Savice Life

Solines

Fluorescent Penetrant Inspection.
Visud Inspection.

Threaded Components

Fluorescent Penetrant Inspection, if caled out in TM.
Visud Inspection for Gdling, Corrosion, etc.

Compressor and Turbine Blades

Visud Inspection for Cracks and Damege.
Savice Life

Blisks
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Visud Inspection for Cracks and Damage.
Savice Life

4298 Turbine Nozzles
Visud Ingpection for Cracks or Damage.
4.2.9.9 Impdlers
Visua Ingpection for Cracks or Damage.4.2.9.10 Compressor Stator Vanes
Visud Ingpection for Eroson and other Damage.
4.2.9.11 Disks
Visud Inspection for Cracks and Damege

Savice Life
Specid nondestructive as required (ie, eddy current, ultrasound,etc.)

4.2.9.12 Turbine Cooling Plates

Visud Ingpection
Savice Life

4.2.9.13 Med Tubing

Pressure Test
Visud Ingpection for Damage

4.2.9.14 Qil Coolers

Visud Ingpection for Damage.
4.2.9.15 Controls Electronic

Proper Operation During Acceptance Test
4.2.9.16 Fud Controls (HMU)

Proper Operation During Acceptance Test

42.9.17 Filters (Oil and Fud)
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4.2.9.18

42919

42920

4292 1

42922

4.2.9.23

4.2.9.24

4.2.9.25

4.2.9.26

Bypass Indication

Vaves (Hydraulic and Pneumdtic)

Proper Operation During Acceptance Test
Wiring Harness

Insulation Resgtance
Continuity Tedts

Thermocouple Assembly

Proper Operation During Acceptance Test
Visud Inspection for Damege

Fud Manifold

Pressure Tests
Visud Inspection for Damege

Ignition System

Visud Ingpection for Damage
Proper Operation During Acceptance Test

Fud Nozzle

Proper Operation During Acceptance Test
Visud Inspection for Damege

Heat Exchangers

Visud Ingpection for Damage
Alternators

Proper Operation During Acceptance Test
Pickups (Speed and etc.)

Visud Inspection for Damege

Proper Operation During Acceptance Test
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4.29.27 Sensors (Temp and Pressure)

Visud Ingpection for Damage
Proper Operation During Acceptance Test

4.2.9.28 Torquemeter

Visud Inspection for Damage
Proper Operation During Acceptance Test

4.2.9.29 Springs
Dimensond Ingpection for Length
4.3 TEST DESCRIPTION

The engine will be subjected to an acceptance test in accordance with the applicable
TM &fter completion of ingpections and assembly of parts and components during the
maintenance program. All test points specified in the TM are to be met before the
engine is returned to sarvice. The engine must be checked for oil and fud lesks during
the acceptance test. All lesks are to be repaired before returning the engine to service.
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