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information is being provided directlyv to the Commission. The appropriate
Boards and parties are being informed by a copy of this memorandum. This
information is relevant to al]l facilities that have diesel generators
manufactured by TDI including Grand Gulf which is currently before the
Commission. ,

On March 2, 1984, the TDI Owners Group forwarded to the NRC their Program
Plan detailing their orocanization and approach for resolution of concerns
with TDI diesel generators. The Program Plan is included as Enclosure 1.
The staff will review this submittal @s part of its overall assessment of
TDI diesel generators. - \
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Docket Noc.: £0-322

and 50-329/330

MEMORANDUM FOR: Chairman Palladino
Commissioner Gilinsky
Commissioner Roberts
Commissioner Asselstine
Tommissioner Bernthal

FROM: Darrell G. Eisenhut, Director
Division of Licensing
SUBJECT: BOARD NOTIFICATION 84-051

TRANSAMERICA DELAVAL, INC. (TDI) DIESEL GENERATORS
OWNERS GROUP PROGRAM PLAN

In accordance with procedures for Board Notifications, the following
information is being provided directly to the Conmission. The appropriate
Boards and parties are being informed by a copy of this memorandum. This
information is relevant to all facilities that have diesel generators

manufactured by TDI including Midland and Shoreham which are currently
before the Commission.

On March 2, 1984, the TDI Owners Group forwarded to the NRC their ®rogram
Plan detailing their organization and approach for resolution of concerns
with TDI diesel generators. The Program Plan is included as Enclosure 1.
The staff will review this submittal as part of its overall assessment of
TDI diesel generators. //,
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I. EXECUTIVE SUMMARY

Eleven U.S. nuclear utility owners have formed the Transamerica
Delaval, Inc (T.D.I.) Diesel Generator Owners Group in order to
address operational and regulatory issues relative to Transamerica
Delaval diesel generator sets used for backup power supplies in
U.S. nuclear power plants. The T.D.I. Diesel Generator Owners
Group has established a comprehensive program which, through a
combination of design reviews, quality revalidations, engine tests
and component inspections, will provide an in-depth assessment of
the adequacy of the respective utilities' T.D.I. engines to perform
their intended safety related functions. This program document
outlines the essential elements of the program which is now under
way, provides information regarding the organization, membership
and charter of the Owners Group, and describes in detail the
technical approaches and actions in progress to resoclve the

operational and regulatory T.D.I. engine issues.

A. Background

The genesis of the T.D.I. Engine Owners Group occurred on
October 25, 1983 when, as a result of a number of dierel
generator operating experiences involving various nucleaa
utility owneres and diesel engine types, a technical
information exchange meeting hosted by Mississippi Power aad
Light was held in Atlanta, Georgia. This information exrhange

meeting involved 59 industry respresentatives, including



verm e A%

personnel from 26 utilities as well as INPO, NRC and
NSAC/EPRI. As a result of the meeting discussions it was
decided that an owners group should be organized to address
the common diesel generator issues and it was also decided
that follow on meetings should be held to work toward

resolving the issues.

The present structure of the T.D.I. Owners Group was for-
malized and approved at an executive meeting held in Atlanta,
Georgia on December 21, 1983. Eleven utilities owning T.D.I.
engines agreed to participate in a common effort to assess the
adeqguacy of the respective utilities T.D.I. engines. After
discussion of the concepts required to adegquately address the
TDI engines, it was agreed that a common program methcdology
would be utilized by all owners which embodies three major
efforts:
1) Resolution of known generic problems
2) Design Review of important engine cumponents and
Quality Revalidation of important attributes for
selected engine components
3) Expanded engine testing and inspection
Mr. J. P. 4cGaughy of Missi:nippi Power & Light (MP&lL) was
nominated as Chairman of the group and Mr. W. J. Museler of
Lor ., .sland Lighting Company (LILCO) was nominated as the
Tec. nic~zl Program Director. It was also agreed that the

Owners Group Design I2view and Quality Rovalidation (DR/QR)

i
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program efforts would be undertaken by an organization which
is centralized at‘the Long lsland Lighting compahf Shoreham
Nuclear Power Station site. Resident technical representation
for the various TDI Diesel Generator owners is provided by the

participating utilities.

General Program Description

Introduction

The T.D.I. Engine Owners Group Program has been developed to
assess the adegquacy of ihe various T.D.I. engine design
configurations to perform their intended safety related
functions. The program involves three major elements which,
by a combined approach involving design reviews and analyses
of engine components, quality revalidations of important
attributes, and expanded engine testing and component in-
spections, will provide reascnable assurance of the ability of
the T.D.I. engines to provide reliable backup power supplies

for nuclear power plant service.

Resocurces Applied
The T.D.I. Owners Group has employed high quality technical

resources in the T.D.I. program. Organizations and
individuals with expert knowledge in the various areas
requiring investigation, inspection and analysis ensure that
the evaluations of the individual T.D.I. engines will be

thorough and meaningful.



The m&éjor technical resources applied to this program are

summarized as follows:

Organization

Failure Analysis
2smoc. (FaAl)

Stone & Webster
(SWEC)

FEV (Cerman Dierel

Consulting Fieon)

Transamerica
DelLaval (?LI)

Owners Group

Subvendors

a)

b)
c)

al

b}
e}

a)
b)

a)

a)

b)

c)

a)

b)

Role in Owners Group ¥rogram

Analysis of known problems
(Forenaic Engineering)

Mznager of Design Review effort
Design Review Tasks as assigned.

Manager of Quality Revalidation
effort

Design Review Tasks as assigned.
Licensing and Logistical Support

Technical Evaluations of known
proklans
Review of design Review Tasks

Pruvides technical and

experience data to tlhe Owners
Group

Reviews Design Review and Quality
Reralidation results

Provide plant specific technical
ané experience data

Provide working level engineers
familiar with diesel generator
plant specific applications
Provide overall Program
Management

Provide technical expertisc on
unigue components

Support investigations and Cite
specific disassemb.y/reassembly

Generic Known Problem Resolution

The first major program element is characterized as Phase I

and involves the resoluticn of generic known problems. A

DG



significant activity in this area which has heer in process
since November cn behalf of the Owners Group has been the
assemblage of documentation operational experience data which
is potentially pe¢rtinent to the T.D.I. engines. Using input
from various nuclear data sources (INPO, SOER's, LER's,
10CFR50.55e's & 10CFR21's, etc.) as well as non-nuclear
sources (marine and stationary T.D.I. engine applicaticns), a
substantial data base of T.D.I. engine/component operational
experiences has been accumulated. While review of applicable
experiences will also be routinely factored into the respec-
tive utilities' design review/gquality revalidation efforts, a
review of the experience accumulated to date has resulted in a
conclusion by the Owners Group technical staff that a limited
number of couponents warrant prioritization and consideration
as significant known problems with potent.ially generic appli-
cability. Accordingly, these components are receiving
priority attention within the Owners Group design review
group. A listing of the significant known problem compcnents
is shown in Appendix 5. Descriptions cf the task plans
presently underway for evaluation and resolution of these
problems are shown in Appendix 6. As final reports are
prepared for specific components, they will be submitted to
the NRC by the Owners Group on behalf of the owners of
applicable "Lead" (Shoreham and Grand Gulf) engines. Followup
reports will be issued for "following" engine owners, modified

as appropriate for the specific engine configurations.
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+/hese Phase I reports will provide the bases for the licensing
of the early T.D.I. plants with the balance of the DR/QR being
completed within a few months. The T.D.I. Owners Group

presented this proposed licensing basis to the NRC on January

26, 1984 and it is currently being considered by the staff.

Design Review/Quality Revalidation (DR/QR)

The second major program element involves the conduct of
Design Review and Quality Revalidation. The Owners Group
Design Review/Quality Revalidation effort has been developed
to examine the critical components of each owners engine, from
both a design and quality attribute viewpoint in order to
assess their ability to reliably perform their intended design
function. The effort is being conducted by a centralized ieam
of engineering personnel with specialized skills in appropri-
ate engineering fields as well as specific diesel generator
design expertise. (An organization chart showing this group

is shown in Appendix 2)

The Design Review inveclves first reviewing and selecting the
components of each engine that warrant a detailed design
and/or quality revalidation. A component selection committee
formally reviews each owners engine compconents with selection
and recommendation being based on the specific components'
function and rcle in the overall operation of the engine,

applicable site and industry experience, and the engineering



judgement and experience of the committee. (Additional
information regarding the component selection process is

provided in Section IV and Appendix 4)

Following component selection, the selected engine corponents
will be subjected to either a design review, a quality re-
validation, or both, with appropriate design review and/or
guality revalidation requirements specified by the compcnent
selection coumittee. To implement the required actions a task
description is prepared by the respective design and/or
quality revalidation groups to define the appropriate reviews,
inspections, calculations etc. that will be performed for each
component. The task descriptions will include any requirement
specified in the selection prccess as well as a more detailed
gescription of procedures, standards or design review ap-
proaches to be applied. Following this, the actual design
reviews or quality revalidations are implemented by the
respective design or quality groups. Upon completion, the
inspection results, document packages, design review findings
and calculational results will be reviewed and approved by the
Owners G:oup Technical Staff. Where results of these reviews
or inspections indicate the need fur additional action
(component replacement, maintenance recommendat.ion, etc.)

followup activities will be initiated.

At the completiocn of each owners Design Review/Quality Re-

validation effort, a final report will be issued to the NRC



which will summarize and transmit the results of the DR/QR
reviews, identify any corrective actions or recommendations,
and provide conclusions regarding the adequacy of the engines

fcr their intended service.

Engine Testing/Inspections

The third major program element involves the conductiny of
enhanced engine testing coupled with specific component
inspections. The Owners Group technical staff, in evaluating
specific engine componencs, will provide technical recommenda-
tions to the Owners regarding special or expanded engine tests
and component inspections which may be appropriate to insure
the adequacy of the engines and components to perform their
intended operational functions. These tests and inspections
may be recommendea for all engines or they may be recommended
for "lead" engine types only, depending on the components
under consideration. Results of the "lead" engine
tests/inspections will be used by the Owners Group technical
staff to determine if test or inspection recommendations

should be e. nanded for "following" engine types.

Generally, the tests and inspections recommended will need to
be integrated by the respective owners into theifr preopera-
tional or post operaticnal engine testing schedules. There~
fore, these test plans and schedules will be finalized by

direct NRC/Owner interaction.



Status/Schedule

The T.D.I. Engine Owners Group Program members and staff have
to date participated in three meetings with the United States
Nuclear Regulatory Commission and its technical staff to
present the overall Owners Group Program concept and schedule,
provide briefings on the status ¢f lead engine activities, and
provide descriptions of generic problem component analyses in
progress. hile a great deal of work remains to be done,
several significant euirly milestones have been completed and
several others are nearing completion. These activities

include:

1. For the lead R-48 engines (Shoreham), a significant amount
of engine testing has been completed, including
torsiograph and strain gauge testing on one engine and
completion of 100 full power hours and post-test engine

component inspe.tions on another engine.

2. The component selection process for the lead R-43 engines
has been completed and design review task description

implementations are in progress.
3. For the lead V enyines (Grand Gulf) the compsnent
selaction process has been completed as have several

site~-specific component inspections.

4. For Phase I (generic problem components), task



descriptions have been completed and design analyses are
in progress. The first final report (on AE pistons) was
issued February 28, 1984 and the majority of the

Phase I reports are scheduled for March.
More cdetailed information on overall Owners Group milestone

schedules and schedules for generic problem couponents are

provided in Section IV and Appendix 6.

Conclusion

The TDI Diesel Generator Owners Group believes that the
extensive program outlined herein provides a firm basis for
reestablishing confidence in the TDI Diesel Generators in

nuclear service.

The program may require modifications or enhancements
depending on the findings early in the effort; and early
findings may also suggest that physical or procedural
modifications to the TDI engines may be required. Successful
completion of this program will provide reasonable assurance
that the TDI Diesel Generators will perform their intended

safety functions -=liably.
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II1. Program Overview

A. Members and Charter

The T.D.I. Engine Owners Group consists of eleven
participating United States Nuclear Utility Owners who
have installed diesel engines manufactured by
Transamerica Delaval, Incorporated (T.D.I.). These
engines are installed to provide backup electrical power
supplies to the owners' nuclear facilities. The T.D.I.
Engine Owners Group members and their nuclear facilities

are as follows+:

Utility Site

1. Carolina Power & Light

2-

Cleveland Electric
Illuminating Co.

Shearon Harris
Perry Nuclear

3. Consumers Power Co. Midland
4. Duke Power Co. Catawba
5. Georgia Power & Light Vogtle
6. Gulf States Utilities River Bend
7. Long Island Lighting Shoreham
Company
8. Mississippi Power & Light Grand Gulf
9. Saccamento Municipal Ranche Seco
Utility District
10. Southern California Edison San Onofre
11. Texas Utilities Generating Comanche Peak

Company

+ Two additional U.S. Nuclear Utilities owning Transamerica
Delaval Inc. engines are not, at present, participating members.
They are: Tennessee Valley Authority - Bellefonte Station, and
Washington Public Power Supply System - WNP-1.



The commitment of the members of the T.D.I. Engine Owners
Group is to participate in and fund the activities
described in this program drcument in order to provide
assurance of the T.D.I. engines' ability to perform their
intended safety functions. The charter of the T.D.I.

Engine Owners Group is provided in Appendix 1.

Organization

The T.D.I. Engine Owners Group consists of an executive
chair Committee consisting of ccmpany officers from each
participating utility and a Technical FProgram Director
with supporting technical staff. Mr. J.P. McGaughy
(MPgL) is the Chairman, Mr. J. George (TUGCO) is the
Vice-Chairman, and Mr. W. J. Museler (LILCO) is the

Technical Program Director.

The Owners Group technical staff, under the supervision
of the technical program director, is a combined
organization consisting of encineering representatives of
the member utilities, Failure Analysis Associates
specialists in metallurgy and materials analysis,
Transamerica Delaval Incorporated, Stone & Webster
Engineering Corporation specialists, and a number of
expert consultants with substantial diesel generator
design expertise. The staff has the necessary expertise
to review and select engine components for design and/or

guality reviews, perform the necessary design reviews and



quality revalidation inspections and prepare, review and
issue the Owner's Group Technical Reports. The
organizational charts for T.D.I. Engine Owners Group are

shown in Appendix 2.

Program Elements Summary

Known Problem Resolution

The first element of the TDI Diesel Generator Owners
Group Program (Phase I) is the resolution of generic
known problems. It became apparent in the initial stages
of the TDI Diesel Generator Owners Group Program that
there were a limited number of engine components which
warranted consideration as significant known problems.
These components, which exhibit possible generic concern
either among engine types or among all TDI engines, are
being subjected to a priority review and reporting

program.

The initial stagers of the TDI Diesel Generator Owners
Group Program includes the assembly of experience data
regarding diesels. In particular, nuclear industry data
is gathered for all engine manufacturers and non-nuclear
industry data (stationary diesel generator and marine
diesels) is gathered for TDI engines. TDI was

instrumental in assuring that the experience data was



accurate regarding TDI engines and provided supplementary

data where appropriate.

Another important element of the TDI Diesel Generator
Owners Group is the component selection process. As
progress was made in this area, considerable information
was exchanged among selection committee members including
the diesel engine consultants regarding the design of the
TDI engine components. This information exchange
resulted in the identification of a limited number of
components for which specific design and/or manufacturing

concerns were identified.

The luscrmation available resulted in the identification
of the sixteen (16) significant known problems. It was
determined that resolution of these significant known
problems would provide substantial confidence in the
reliability of the TDI engines. Therefore, thcse
components are being subjected to a priority design
review to address regulatory concerns, past experience

and the design adequacy of these components.

The design review of the significant known problem
components will address several key factors in accordance
with the Owners Group Program. A detailed design review
of each of these components will be conducted to

establish the adequacy of the design. An evaluation of



site and industry 2xperience, maintenance requireoments,
and the preparation of inspection plans develcped by the
design review group will also form part of the Phase I
effort. The component designs in place in the lead plant
e‘gines (Grand Gulf and Shoreham) will provide the basis
for the design reviews. Reports will be issued after
completion of the lead plant engine review, which will
form the basis for reviews to be conducted for
"following” engine owners. Follow-up reports will
include an evaluation of different loading
considerations, modified parts and other differences
which should be considered as part of the design review

of the other engines, as appropriate.

Design Review/Quality Revalidation

The Design Review/Quality Revalidation Program has been
organized to provide a detailed review of TDI engines
supplied to nuclear power plants for emergency diesel
generator service. This portion of the Owner's Group
Program will address all components of the engines
supplied to each owner by review of the Parts Manuals
supplied by TDI, excluding the Significant Xnown Problems

wihich are addressed separately as discussed above.

Engine components are individually reviewed based on

their significance to engine operation and past



performance (experience data). Considering these
factors, components are selected for design reviews or
quality revalidations with minimum review requirements

specified.

Components selected for design review are assigned to a
Task Leader. The Task Leader is generally an engineering
specialist in the design discipline associated with that
component. A Task Description is prepared to detail the
design review which will then be directed by the Task
Leader. Design reviews will consider maintenance and _
inspectiow.. programs where appropriate, and in all cases
will examine experience data associated with each

component.

Components selected for gquality revalidation are
subjected to inspections specified during the selection
process and additional inspection which may be identified
by the Design Group. 1Inspections are performed by
qualified personnel in .ccordance with approved
procedures. Where required, inspection results are

forwarded to the Design Group for evaluation.

Upon completion of the DR/QR Program on ‘.e lead engines,
the results of the DR/QR Program for the lead engines
will be factored into the follow-on engines. A separatec

design review will not be reguired, for}axample, on a



common component for a follow-on engine. However an
inspection may be required to verify that the component
is actually the same as the one reviewed for the lead
engine. Likewise, quality revalidation inspections
completed on a component in a lead engine would serve as
a basis for either increasing or decreasing inspections
for a follow-on engine, dépending on the lead engine

inspection results.

A final report will be issued for each plant to provide
the results of the DR/QR Program. Components which are
acceptable, require replacement, reguire increaéed
maintenance and/or require follow-up inspection will be
clearly identified in the final report. 1In addition, the
final report will identify recommendations regarding
improvements for possible future implementation and

recommendations regarding future testing.

Testing/Inspection

In the process of evaluating specific engine components,
the Owners Group technical staff will provide
recommendations to the owners regarding special cr
expanded engine or component tests or inspections which
may be appropriate to insure the adeguacy uf the engines
and components to perform their intended operational

functions. Depending on the circumstances associated



with the specific component, for example prior industry
operating experiences, criticality of the known failure
modes to continued engine operation, appropriateness of
the test/inspection results with respect to accumulated
operating engine hours etc., these tests or inspections
may be recommended for implementation anytime during
preoperational testing, after a certain number of
accumulated engine hours at power during preoperational

testing, or as a post operational test.

Expanded testing or inspections will generally be focused
on "lead" engine types, with less stringent requirements
for following engine types if warranted by preceeding
results. This approach anticipates favorable inspection
and testing results for the "lead" engine. However, if
feedback from the "lead" engine inspections or testing
programs result in unfavorable conclusions which have
applicability to other engines, appropriate expanded
testing and/or inspections would be recommended for

"following" engines.

As an example of the expanded testing and inspection
program, the crankshaft component testing/inspection plan
shown in Appendix 6 provides a useful illustration. 1In
order to thoroughly examine and document the dynamic
response of the lead R48 engines (Shoreham), strain gauge

and torsional testing was conducted on one engine.



Adcitional instrumentation was also installed to measure
dynamic cylinder pressure and dynamic output torgue.
Confirmatory torsiograph testing will be conducted on a
second engine. Following completion of operation at full
power for 100 hours, non destructive examination (eddy
current) of crankpin fillets for all Shoreham engines
will be conducted. For the "following"” R48 engines,
inspection and testing requirements are lessened based
upon their similarity to the lead engines. However,
confirmatory torsiograph testing is reccmmended (1 engine
per plant), in addition, as are crankshaft fillet non
destructive examinations for River Bend on one engine

following 100 hours at full power.

For the "lead" V engines (MP&L), non destructive
examination of crankshaft fillets is recommended for one
engine, following accumulation of 100 hours at full
power. Verification of original torsiograph adeguacy is
alsc recommended. For "following" V engines,
confirmatory torsiograph testing is recommended for one
engine at each site. If torsiograph deflections are not
found to be significantly above those determined for the
"lead" engines, non destructive examination of crankpin

fillets is not recommended.

A similar approach is applicable toc most component

reviews. The Task descriptions for the later plants will



be modified as required based on the results of the
earlier tests and inspections. Consistency of the
evaluations and adequate feedback of inspection and
testing data is ensured by maintaining the individual
Task Description responsibility assignments constant for

all engines.

Scheduling of integrated engine testing and inspection
activities for those actions recommended by the Owners
Group technical staff is the responsibility of each
owner. Similarly, the development of a preoperational
engine test program, considering the load profiles
applicable to each site's engines, is the responsikility

of each owner.

NRC Question Responses

Although it is not a formal program element, one area in
which the Owner's Group Staff will provide support to the
T.D.I. engine owners will be the receiving and responding
to NRC staff Generic Technical questions. It is antic-
ipated that NRC staff questions regarding programmatic
aspects of the overall TDI Diesel Generator Owners Group
Program Plan, technical bases regarding analyses or
testing/inspection approaches to be used to resolve
generi. rown problems, and comments/questions regarding

generic Owner's Group submittals will be directed to the

10 DG



Owner's Group Generic Licensing Manager for coordination

and development of Owners Group responses.

NRC questions which deal with plant specific items, ?uch
as preoperational testing plans, results and conclusions
of individual Owner's DR/QR final reports etc. will not
be handled through the Owner's Group and should be
directed to and responded by the respective Owner's Group

utilities.

NRC Submittals

Resolution of the TDI Liesel Generator issues will
require a significant number of formal submittals to the
Nuclear Regulatory Commission. These submittals will be
provided either via the Owners Group Technical Staff and
Generic Licensing Organization or via direct utility
submittals dependiig on their generic applicability. 1In

general, the following division of submittals will apply:

Owners' Group Submittals

= Owners' Group program plan
- Generic known problem task descriptions
- Generic known problem final reports - "lead"

plants

11 DG



- Generic known problem final reports - "following"”
‘plants

- Responses to NRC staff generic guestions

Utility/Plaut Specific Submittals

- Documentation of implementation/endorsement of
Owners' Group generic known problem reports &
report recommendations

- Design FReview/Quality Revalidation Task
Descriptions

- Design Review/Quality Revalidation final reports

- Engine/Component testing commitments & results

- Responses to NRC staff plant specific gquestions

Schedules

Since its inception, the TDI Diesel Generator Owners
Group Design and Quality Revalidation Program has made
significant progress in each of the three major on going
efforts:
1) Rusolution of known generic problems
2) Design review of important engine ‘components and
Quality Revalidation of important attributes for
selected engine components.

3) Expanded engine testing & inspections.

12 DG



Resclution of known generic problems are receiving
priority attention within the Owners Group design review
group. Evaluation of the individual components as
specified in the task descriptions is presently underway
on each of the components, with the required
analysis/evaluation scheduled for completion in late

March.

A final report will be prepared for each of the specific
components and will be submitted to the NRC on behalf of
the owners of the R~48 and V lead engines. Follow-up
reports will be issued for "following" engine owners,
modified as appropriate for the specific engine
configuration. A summary status for the known problems

is presented in Appendix 8.

The Owners Group Design Review and Quality Revalidation
effort is proceeding, both with iuplementation of
Shoreham Task descriptions and with reviewi.s and
selecting the critical components for the lead V engines.
Appendix 2 provides a schedule/status of b .h the

Shoreham and Grand Gulf Engines.

Although evaluation o¢f the known problem components is
receiving priority attention, assembly of individual
utility site experience is either complete or nearing

completion on five other utilities, in addition to

13 DG
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Shoreham. The component selection process, which entails
a formal review of each owners engine components, with
selection and recommendations made for evaluvation of
critical engine components, is complete on two owners
engines in addition to Shoreham. Five additional
utilities engines are scheduled for completion cf the

component selection process by the end of March.

A summary schedule for the overall owner group Design &
Quality Review is provicded in Appendix 8. As shown,
implementation of task descriptions extends into July
1984, with submittal of final reports for each owners

DR/QR effort extending from May to Octocber 1984,

Recommendations for special or expanded engine tests and
engin« component inspections, provided to the owners by
the uwners Group Technical Staff, is expected to be
scheduled by the owners with direct NRC/Owner inter-
action. 1In the case of the lead R-48 and V engines, a
significant amount of engine testing and specific
component inspections have been completed. Significantly
for the Shoreham engines the torsiograph and strain gauge
testing has been completed on one engine. 1In addition,
operational testing on a second engine, including 100
full power hours ard a seven day endurance run, with the
subsequent engine component inspections, has been

completed.

14 DG



2s indicated by the summary schedule, testing and
inspections of the lead R-48, Shoreham, is scheduled for

completion in April 1984.
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III. GENERIC KNOWN PROBLEM RESOLUTIONS

A, Problem Resoclution

As described earlier in this report, the first major
program element of the TDI Diesel Generator Owners Group

is the resolution of generic known problems.

A review of the accumulation of data by the TDI Diesel
Generator Owners Group Technical Staff from industry
sources (Nuclear, Marine, Stationary) has resulted in
conclusions that a limited number of TDI engine
compcnents had evidenced sufficient adverse operating
experiences in one or more applications, such that they
warranted pricrity attention and consideration as
gsignificant known problems with potentially generic
applicability. Therefore, the Owners Group technical
resources have been heavily applied to these problem
areas in order to expedite the reviews, tests and/or

analyses necessary to resolve these issues.

Resolution of these problems, to the extent they are
applicable to each engine, is recommended by the Owners
Group technical staff on a priority basis, and in general
should be accomplished prior to placing the engines in
service to support plant full power operation.

Exceptions to this general applicability are permissible



tc the extent that interim operation prior to resolution

may be justified by any owner.

The generic known problem listing is generic only to the
extent that a body of experience exists to suggest that a
design type (or several design types) of a particular
component in service in one or more TDI engine
applications has not performed acceptably or has not been
designed adequately. Applicability of the generic known
problem listing is to be determined via the O\mers Group
technical staff reviews. Additionally, the results of
ongoing Owners Group design reviews or owners
testing/inspection results as part of the DR/QR efforts

may result in revision to this listing.

Example Description

An example description of the Owners Group approach being
used to resolve one of the generic known problem
components, which is illustrative of the combined
analytical, testing and inspection methods which are
applied to develop an understanding of the critical
component problem areas and assess their adéguacy, will
be discussed here. The example utilized will be for AE
pistons. (For convenience, copies of the task

descriptions for the 16 generic problem component task



descriptions are provided in this section, in addition to

Appendix 6)

The piston task description discusses the primary

function and functional attributes of interest in the

piston design. The evaluation section describes those

activities which will be undertaken to assess the

adequacy of the piston design(s). The task plan requires

the following investigations:

1)

2)

3)

4)

5)

6)

7)

Determination of the historical evelution of
the various TDI piston designs, including
applicable heat treatment, dimensional or
materials changes

Determination of peak firing pressures and
temperatures for the various engine types
Development of appropriate finite element
modeling to assess the state of stress in areas
of interest

Conduct of metallurgical examination of prior
AF design piston cracking

Non destructive examination of AE pistons in
prior service

Conduct of fracture mechanics analyses of
potential crack propagation in AF and AE piston
designs

Conduct of static strain gauge piston testing



8) Nondestructive examination of lead R48 pistons
after operation at 100 full power hours
9) Assessment of the similiarity of AF, AH, AN

piston designs to the AE design

The task description also outlines those analyses which
will be undertaken by the TDI Diesel Generator Owners
Group technical staff for each unit and provides
recommendations regarding those tests and/or inspecitons
which each owner should conduct in order to confirm the

absence of known potential failure mechanisms.

Schedule

As the known generic problem items are receiving priority
attention within the Owners Group technical staff, the
schedules for completion of the Lead Plant reports all
fall within the months of February, March and April.
Fnllow=-on activities such as post-test site examinations
will be scheduled by each utility owner. Following plant
reports for applicability or supplemental reports for the

generic components are expected to be completed by May.
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TURBOCHARGER

MP-017

TURRO

141

UHIT TYPE ANALYSIS TESTING INSPECTION
R-48 ENGINES:
Thrast bBearing oll film/load/ 100 Hrs @ 1008 power Inspect and clearance
-nte:lo; analysia; Nozzle ring LOOP/LOCA Simulation - 3 engines lincpuct thrust bearing after
Eilictt vane and cap screw thermai/ 100 starts - ) engine 100 Hes ® 100% power - 3 angls
SHOREH AN 206 piessure leading: evaluzte effecty 2] starts - 2 engines Inspect thrust bearing .,Q.:
fveness of prestart thrust bear- starts - 1 engine
ing lube oil supply Iinspect end clearance at 23 #
=4 enalnea
Elliott Verify similarity to SNPS 190 Hre @ 1008 power - 1 engine Inspect end clearance - 1 eng.
RIVER Bp®D 906G Evaluate differences if any Inzpect thruet bearing ~ 1 em
Elliott Varify similarity to SNPS Rormal Preop testing Inspect end cleararce -~ all
RANCHO SECO 966G Evaluate differences If any engines
V-16 ZINGINES.
Verify twin insiallation 160 Hrs 2 10CY power - Inspect end clearance - all
Elliott aimilzsity to Shoreham. 100 siarta mintaum - engines
SN Evaluate xuxiliary lube ofl}
GRAND GULF :% system
&}
Elliott L .
CATANBA 926G Verify similarity t SGRS Normal Preop teating Inspect end cisarance - all
llr Evaluate difference. /¢ anv engines
PRARY sl;;gtl Werify similarity to GGNS Barieal Preop testing Inspect end clearan=zs - all
(21 Pvaluate diffzrences if any englines
COMMANCHE E !l::g(t Vprsgy similacity 20 GOGRS Noxmal Preop testing Inspect end clearance ~ all
-5 s 232 #vsivate differences if any engines
Elliott Verlfy similagzity o GCHS Normal Preop testing inspect end clearance - atr
HARRIS ::? Evaluate differences if aay engines
Elliott Verify similarity to GGHS Normal Preop testin - »tl
9 Inspect end cleoarance - a!
VOGTLE :g? Evaluate difiarences If any engines
V-12 SNGINZS,
o [Eiliott 7 Thrur, ve.rln il Eilm/load N 1 Py t v o 1
MIDLAND 651 matec o) 8salgsis; nsﬂqﬂocv of ormal Preop testing irapect end clearance - g
[F3) thrust bearqu prel uUc iagpect thrust bearing -~ ! eng
V-20 EMGINES : =
Elliott Verify similarisv to Midlana Hormal Preop testing inspect end clearance
SAN ONOFRE 65H
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DR=MP=217

COMPONENT DESIGN REVIEW
TASK DESCRIPTION

TURBOCHRRBER Classificaticor &
PRRT NO. mMP=-Q17 Completion 2/20/84

PRIMAGRY FUNCTIONS: The turbocharger is composed of a gas turbire ancg
centrifugal inducer/impellar mourted on a common shaft and housed by
integral castings. It utilizes engire exhaust gasses to pressurize the
engine intaxe marifold air for higher output combusticr. Erergy from the
exhaust gas 1s extractec by the turbire which drives the comoresscr
through a common shaft.

FUNCTIONAL ATTRIBUTES:

1. The turboccharger compornerts require adeguate strength and fatigue
resistarce to react loads imposed by flowing engine exhaust gasses
during tre severe startup and tramsiernts unique to nuclear starndby
service in additicn to normal operaticon. Irn particular, these
componerts include the diffuser, nozzle ring assembly, rotor assembly
diffuser bearings (thrust and radial.)

2. The turbine and compornents must have the ability to withstand & high
temperature corrosive envirornment.
3 The lubricatior system must have the ability to:
a. Supply sufficient oil to the Dearings to prevent bearing wiping
(prelube) during the repeated startups recuired by testing.
b. Ensure a minimum time lapss det-eer start of rotaticn of the
rotor and recuired pressurized oil ir the Searings.
Ca Maintain adequate inlet anc gdischarge o1l temperatures.
- Frovide adegquate oi] seals.
4, The cooling system must provide sufficient water flow and pressure t

m@intairn acdequate component temperatures arnd allow acequate vert ing
to prevent air or yteam pocket formation.

S External piping must be configured such that there 1s roc unacceptable
transnissior of thermally induced loads to the turbocharger casirgs.
€. Tre turbocharger itself must have sufficiert cperaticornal performarce

gurge margin to avoid reverse loading damage.

SPECIFIED STANDARDS: Nore known

EVALUATION:
Review *he cperatiornal history from several users
with Elliott model SOC arnc E£5M turbocchargers.
2. Review pre-cperaticval test logs tc verify performarce.
3. Examine possible structural deformation of casings and

mounting bolts under startup and cperational corditions
which coulg affect bearing per“ormarce.

“, Review turbocharger performirce data to determine the
gas loagaing of rotating compornent.
. Evaluate the bearirg locads during normal cperating

conditions.



> .

8.
9.

10.

Corduct rotor dyramics arnalysis to assess possible
startup~induced deflection or rotcr instabilities.
Stress analysis of bolting comporents in particular,
tozzle ring capscrews.

Review material selection.

feview bearing lubrication reguirements such as thrust
bearing during startup and full load.

Evaluate the differences betweer R-48, RV-16, RV-12
and RV-22 auxiliary lube pump corfigurations ard the
possible effects on thrust bearings during startup.
Evaluate prevertative mainterarce and possidle mornitoring
technigues.

Review specified as-built cleararces for bearings and
seals.

Review specified assembly procedure to verify that all
important as-built dimersions are being measurecd.

REVIEW TDI ANRLYSES: Review TDI analyees of thrust bearing

drip system configuration.

INFORMATION REQUIRED.

1.
e.

hcMrw

~
.

Marufacturer s bulletins

Comporent drawings, piping schematics, essembly drawings,
installation drawings

Material specificatic= s

Ferformarce data such as compressor ard turbire naps
SNPE thrust bearing disassembly and imspection results
Lube ard cooling systen specificatiorns such as flow,
pressure, filtration, etc.

Engine exhaust gas data
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DR-Q32-30%A
COMPONENT DESIGN REVIEW
TRS® DESCRIFTION

~SE AND BERRING CAPS Classificaticn A
PRTT NO. 22-22%A Completion 2/20/84

PRIMARY FUNCTION:

The base assemb'y supports the crarkshaft and the uoper ergire
assembly. It reacts the crarkshaft, pistor irertia and firing locads at <the
bearing saddles, reacts the firing force transmitted through the belting to
the upper ergire assembly and provicdes axial restraint to the crarisgmaft arc
ergina.

The ma cr comporerts of the base assembly 2re the base castirg., the
&li~ Dearing caps, shells, nuts arncd stucs:; and the bolting to the uzper
assendly or the crarkcase {(through bholts).

FUNCTIONRL. ATTRIBUTES:

) The 2ase castirg bearirng sacdles must have sufficient strergth to carry
the lateral lcades imposed by the crankshafi irertie anc to resct the
vertical compressicn and tensicon loads imposed by the engine firing o
the crark/red/piston irnertie loacing.

= The Lasi casting riut pockets “or the nmain Bearing stucs anc tHr2ugh
21t mogt “ave sufficier. contact strergth to carry the nut preload,
inertial anc dyrnamic loading from the crankshaft, and firing loacs
travcmittec f+om the upper engine.

p Tre ztufs, Dbolts and nuts correcting the bLase casting to toe bearirg
CER: #nd th: upoer enginc assembly must have sufficiers strongth to
Carvry the imposel prelcals, Cynam.c lcads, and firirg lcads. The
clanzing firco provicdes by the ma.r bearirg €tucs ard rnuts must be
s.fficie -t ¢ zrevert later:ii movement -f <-g main bearing caps urder
~2terel zrarishafi loading.

TRE walrn Lesrirg caps must Rave sufficient strergth to withstand the
Lupozed crartzshaft loads.

i The LasE must 2@ sufficiertly rigid to maintain adequate mair bHearin
> &
Seigaman. guwing cperat.cr.
STTIIFIZS ITANDATDE: None
r 1,ﬂ IR Y
Q& iew Lo foraaticn available or irdustry experierce
wit® beari-; s#file incications, including those
20 the T=LE grgines at Shorel am Nuclear Sower Staticn,
=

the fracturer or the USCE Icebreakerz Wes* Wirg anc
North Winl, ang the RV-1€ base at the ONAMAX mire.

= Exavire the adequacy of the Searing sacdle pedestal
“ncer ce@rtical and lateral locade imposed by the
cran<g*sfL anc the bearing cap balt prelcads.

o Fzllowing 100 Brs of cperation or rnormal Srecp testing,

-
¢r NE

« «mSpecticor of the most heavily loadec bearing
“sdesielz on the INTT ergines and a selected number of

tthe R-48 ard PU-1E ewginec will be corductec arc the

¥3.103 evaldatsd Witk respect to possibdie loagding mechanisue.



4. Fr.evaliatiicov ¢® the main bearing caps urder the crarnk-
sha®t lrertial lceds and stud prelcads will be performed.
Thiz will cormsider the adecuacy of the lateral loading
Detweer bDearing cap and pedestal to prevert bearing cap
movenert urder crankshaft loacding.

S Analyses of the bearing saddle rnut pocket and upper
assembly rwt prckets will be corncucted. The pockets
will e modeled as a column with a through hole under a
tersicorn load corresponding to the prelocac; firing
pressures and cranxshaft inertial loacing. These
aralysez will initially be performec or R4E arc RV-16
grgirngs. The reeZ to perform detailed aralyses orn
RV=1Z arc RV-ZQ ergires will deperc or the fincdings of
the former.

. ind.slry engerierce with base assembly bolting problems
will e reviewes including through bolt arnd washer
failures a8t Copper Yelley Electric and Valde:z, Rlaska.

T Theo Seszc aszembtly bolts, stude and ruts will be analyzser

- acdec.ale preload.

Mm

RN TR TOT ANRLYSE
- . - -

.
€z and test experience orn the base assambly
21 be reviewec.

S oaMETid . REQUIRED::

: Tévz sss@ndly Tompocrent Crawings anc manufacturing
scecifications

. Taze sssembly comporernt mater.al properties, including

y:eld strerngth cf casting irn varicus section thickriesses

Meln Learing cap and upper assembly beolting torgue

epecification:

srgine firing loacs

"arlshaft ,ocadc or mair bearings

irg comporent weights

|I||' -
T

"t

- — — - e —
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CRANKSHAFT

03-310a

uNIT

ANALYSIS

TESTING

INSPECTION

R-48 ENGINES:

Holzer analysis
Modal Superposition
Finite e’'ement analysis

100 Hrs @ 1008 power and
LOOP/LOCA simulation - 3 engines
Torsiograph - 2 engines

NDT Crankshaft - 3 encines afte
100 Hre @ 100V power

SHOREH AM Strain <age test data correlation] Strain Gage testing crank pin
with analysis fillets - 1 engine
Bolzer aralysis 100 ttrs @ .00% powar - 1 engine ND¢ crankshaft - 1 engine after
Modal superposition Torsiograph - 1 engine 100 Hrs @ 100% power
RIvER sevo {1f different from SNPS)
Verify similarity to SNPS Normal Precp testin None {f mimilar to SNPS
RANCHO SECU Torsiograph - 1 engine

V-16 ENGINES:

Holzer analysis
Modal superposition

100 Hrs @ 100% power -~ 1 engine
Verification of torsiograph

NDT crankshaft
1 engine after 100 MHrs @ 100%

power

GRAND GULF
CATAWBA Verify similarity to GGNS Normal Preop testing NDT crankshaft
Torsiograph - 1 engine after preop test
PERRY Verify similarity to GGNS Normal Preop testing None if similar to GGNS

Torslograph - 1 engine

COMMANCHE PEAK

Verify similarity to GewNs

Normal preop testing
Torsiograph - ! engine

None L{f similar to uOGNS

HARRIS

Verify similarity to GGNS

Normal preop testing
Torslograph - 1 engine

None {f similar to GGNS

VOGTLE

Verify similarity to GGNS

Kormal precp testing
Torsiograph - 1 engine

Mone {f similar to GGNS

V-12 ENGINES:

MIDLAND

Holzer analysis
Modal superposition

Normal preop testing
Torsiograph - 1 engine

None depending on Torsliograph

V-20 ENGINES:

SAN ONOFRE

KaZzer analysis
Modal superposition

Normal preop testing
Torsiograph - | engine

None depending on Torsiograph

o SR
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DR=-GZ~-210A

COMPONENT DESIGN REVIEW
TASK DESCRIPTION

CRANKSHAFT Classificaticor A
PART NO. @2-3210R Completion Z/5/84

PRIMARY FUNCTION: The crankshaft converts reciprocating moticr, component
inertial forces and gas pressure piston forces to rotary motion arnd torque
at the cutput flarnge.

FUNCTIONAL ATTRIBUTES:

Structural stiffress of the crankshaft must be sufficiert tc maintain
acceptable states of strese in the crank pin web ard mairn Journal
areas and to maintain system ratural freguencies which are sufficientl,
rencoved from engine cperating speeds. The crankshart cdesign should
alsc be sufficient to withstand mair bearing misaligrmerts irherert
irn service.

2. The journal area of the main and connecting rod (crank pirn) bearing
must be sufficient.y large for acceptable bearing oil film pressure
but the overall bearing length must be sufficiertly short ¢t minimize
erd wear of the bearing sleeves.

3. The material of the cranksraft and the surface firish shou.d be
sufficient to resist fatigue crack initiaticn.

SFECIFIED STANDARDS:

g ASTM

2. DEMA

EVEALUARTION:

B8 Review TDI calculations and tests.
& Conduct engine test of 12x12 shaft.

4

R Conduc*t mocal superposition ang Holzer torsicral
arnalyses of:
a. SNFE (R-48)
b. GGNSE (RV=-18&)

c. Midland (RV=12)
d. Sarn Onofre (RV=-ZQ)

&4, Conduct finite element arnalysis of F=48 12 inch
crank pin fillets.

S Compare measured and calculated stresseec R~48 132x1c
shaft,

€. Compare measured and calculated cutput torgue arnd
free end torsiograph traces for R-48.

7T Compare stress levels with endurarce limit for n-as.

8c. Compare nominal stresses of R-48 & RV=-1£ with those
recommended by cother standards.
b. Compare nominal stresses of RV-1Z2 arnd RV~ZQ with
those recommended by cther starndards.



DR-Q2~-Z12AR

9. Complete final report or SNPE and GGNS crankshaft
integrity.

12. Complete firal report on Midland RV-12 and San
Orofre RV-2Z02.

REVIEW TD! ANALYSES:
1. Experimental stress aralysis (static) of DSR-4E

crankshaft
2. Tors.ograph tests
3. Holzer Table calculations

INFORMRTION REQUIRED:

1. TDI drawings for DSR-4E8 and RV engires

2. Test reports for DSR-48 and RV engines

3. Original Holzer calculations and revisions for R-48
and RV=-1€, RV=-1Z ard RV-2Q2 engires

4a. Experimental pressure vs. time curve ‘cr R-48 and
RV=1€& engines.

B. Experimental pressure vs. time curve for RV-12 and
RV-22 engires.
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CYLINDER BLOCK AND LINEP

03-1315

NIT

ANALYSIS

TESTING

INSPECTION

R-48 ENGINES:

Evaluate stresses in liner
landing including head stud
and thermal loads

100 hrs @ 100% power
LOOP/LOCA simulation -~ J engines

LP inspection cylinder

block liner landing.

Sample Basis;

inspect liner for unacceptable
distortion, wear or flaws.

RIVER BEND

Verify similarity to SNPS

100 hrs @ 1008 power - 1 engine

Dependent on SNPS resulte

RANCHO SECO

Verfiy similarity to SNps

rlor-l Preops testing

Dependent on SNPS results

V-16 ENGINES:

Verify similarity to SNps

100 hre @ 100% load - 1 engine

LP inspection cylinder block
liner landing. Sample basis

GRAND GULF Inspect liner for unaccepta*le
distortion, wear or flaws.
CATAWBA Varify similarity to SNPS Normal Preops testing Pependent on GGNS revults
PERRY Verify similarity to snps Normal Precps testing Dependent on GGNS results
COMMANCHE PEAK Verify similarity to SNFS Normal Preops testing Dependent on GGNS results
HARRIS Verify similarity to SNPS Normal Preops testing Dependent on GG!S results
VOGTLE Verify similarity to SNps Normal Preops testing Dependent on GGNS resulls
V-12 ENGINES:
RIDLAND Verify similarity to SNPS Lml Preops testing Dependant on GGNS results
V-20 ENGINES:
SAN ONOFRE Verify similarity to SNps l!:ml Preops testing Dependent on GGNS results

i




DR-232-21%
COMPONENT DESIGN REVIEW
TASEK DESCRIPTIDON
CYLINDER EBLOCK AND LINER Clascsificatior A
PART ND. 2-21% Completion 2/22/84

PRIMARY FUNCTION: The cylirncer block comprises the framework of the ligquic
cocled ergire and provides passage and support for the cylinder lirer. The
block must provide cocling water passages, provice bores to supsort the carn
shaft assembly, ard react the dyrnamic loacs from the cylinder firing
pressure anc valve assemblies. For the NV erngires, the cylirder block is
irtercorrnected with ar engirne crarkcase which supports the camsha®t and
ézsccliatec bearings. Rithough these are separate parts, the:ir generic
furcticon is siwiler to the cylirder block of the R-48 ergires arnd will
“herefore be evaluated a= 2 unit. The lirer itself forme the walls of the
cimbusticon chawnber cortairning the high temperature gas pressure arnd must
Frovice & guice for the piston motiorn while reacting skirt side forces
without excessive wear or scuffing.

FURNCTIONA. ATTRIBUTES:

> 48 The cam galley bSearing supports must be desigred to maintain
corcert-icity during service ard have sufficient structural strergth
t2 rezct the cam/valive trairn lcads without fatigue crackirng.

. The support ¢ the cylircder liner mus* mairtaiv tight seals, react
FressJre wnd stud loades without uracceptable cistortion and mairntain
gufficiert load cdistridbustior to preclucde excessive cracking ‘n the
lirer courterbore (larcing) due to conbined thermal, gas pressure arg
Frelcaced stuc irduced statec of stress. The cylinder heacd stud threa
configuration is impertant in JdJete~minirng stress corcentraticns and

stres: dist~idutions.

e Tre oylivncer lirer itgelf muct be sufficiertly hardered tc resist
iracceptetlc wea:” asscciated with piston ring actiocr and maintain
acdequate contact with tte block counterbore to prevent high cycle
cortect stress ard fretting., In adcitior, the compressicr of the
head Lo the cylircer lirner must be sufficient teo avoid axial
fretting ¢f the liner withirn the courter bore but rnot so great as to
cause failures of the cylinder block liner lardi=ng.

The coolivg water distribution withirn the block must be sufficient

te zreclude overteatirg of the block arc liner and must mairntair prope:
flow conditicons ¢o minimize or avoid cavitation or corros:on damape to
e liner.

n

b

ET STAMDARDE: Nene

EVRALUATION:

e Review irfornation corcerning previous cracking and
gistortiorn of the cylinder block ard lirers of the
R48 and RV engires.

2. Review litui? peretrart ivspectione of cylirnder block
ir tho Fesd etud and lirmer counter bore regicrns of the
ENFE DET-42 zrgires.
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veluste the steady state anc alterrating stresses ir the
irer larnding/head stud regicon ard compare these to
y.eld anc erncdurarce limits for appropriate materials.
This exaniratior must consider variations in head stud
threac gecretries ard prelced torgues.

Evaluite the state of stress in the lirer in the larnging/
axia’ segal region due to gas pressures, thermal growth
arnd “ead clanping forces anc compare to rnormal fatigue
proparties for lirer material.

Evaluate critical flaw size and rate of crack growth
cireicering combined head stud loads and thermal
sireszes “or cracke located betweer head stud holes arnd
cylivder 2lock courterbore diameter.

Tvaliate critical flaw size and rate of crack growth foir
crE@cks emivating from the corner of the tylinder block
lardirg and gounterbore diameter.

Cvaluate the loacding produces on the bearing supports

-n the cam gear galley and verify the structural
aceguacy ¢f the cesign.

Teview the irnspecticr of the sampled SNFS cylirder lires
frllowing 102 mrs at 120% loacd for eviderce of
unazceptable scuffing, corrosion, cracking or scoring.

ram

REVIEY D7 FNALYSES:

-
‘-

q€. .ea 2ry TDI aralyses which consider stresses created
=r the lirver counterbore area and any design chariges which
relate to geometry or material.

TNTOOMATION REDUIRED:

1

L
v

"

Marufacturer's drawings of R4E and RV cylinder bleocks
arc lirere, including material specificaticns ard

hiztorical decigrn changes
S:zz pressures and temperatures for R48 ard RV engine
designs

“ylinder head stud drawings and torque specificaticrne
“ylinder heacd stud drawings showing desigrn charges

—sguid peretrant inspection of cylinder block cournterbore
tlarnding) cor ENFS erngines

Cam sraft lcads due to rocker arms, pushrods arnd valve

sp ‘ngs

3
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CYLINDER HEAD STUDS

03-315E

UNIT

ANALYSIS

TESTING

INSPECTION

R-48 ENGINES:

Stress Analysis:
Preload and operational

{cylinder firing pressure) loads,

100 Hrs @ 100% power
LOOP/LOCA Simulation

and
- 3 engines

Visuali inspection; verificatio
of proper torque; hardness -
sample basis

SHOREHAM for necked down stud design,

verify lubricant

Verify similarity to SNPS/GGNS 100 hrs @ 100% power -~ 1 engine Visual inapection; verification
RIVEER BEND design of proper ‘orque .

Evaluate major di*ferences

Verify similarity to SNPS5/GGNS Normal Preop tiltlnq Visual inspection; verlflicatlior
RAFCHO SECO design of proper torgue

Evalvate major differences

V-16 ENGINES:

GRAND GULF

Stress Analysis: Preload and
operational loads for uniform
cross section design, verify
lubricant

\ 100 hrs @ 100% power

- 1 engine

Visual inspection; verificatior
of proper torque

CATAWBA

Verify similarity to SNPS/GGNS
Evalvate differences if any

Normal Preop testing

Visuval inspection; verification
of proper torgue

PERRY

Verify similarity to SNPS/GGNS
Evaluate differences if any

Normal Preop testing

Visual inspection; verification
of proper torgue

Verify similarity to SNP3/GGNS
Evaluvate differences if any

Normal Preop testing

Visual inspection; verification
of proper torque

HARRIS

Verify similarity to SNPS/GGNS
Evaluate differences if any

Norma. Preop testing

Visval inspection; verification
of proper torque

VOGTLE

Verify similarity to SNPS5/GGNS
Evaluate differences if any

Normal Preop testing

Visual inspection; verification
of proper torque

V-12 ENGINES:

MIDLAND

Verify similarity to SNPS/GGNS
Evaluate differences if any

Normal Preop testing

Visual inspection; verification
of proper torgue

V-20 ENGINES:

SAN ONOFRE

Verify similarity to SNPS/GGNS
Evaluate differences if any

100 hrs @ 100V power - 1| engine
Normal operational testing

Visual inspection, verification
of proper torque

- —



COMPONENT DESIGN REVIEW
TASK DESCRIPTION

CYLINDER HEARD STUDS Classificaticr P
FART NO. @2-Z:15E Completicorn 2/1/84

PRIMARRY FUNCTION: The cylinder head studs trarsmit cylinder firirg
pressure forces from the cylinder heads to the engire block and assure a
required prelcad on the cylirder heac gasket for combusticr gas arcd water
sealing.

FUNCTIONAL ATTRIBUTES:

1. The cylinder head stude must have sufficiernt strergth to withstarnd the
necessary prelcad anc cyclic firing pressure forces withoui prelcad
relaxation or thread distortior.

e The thread gecmetry of the head stud should be such as to provice for
ar. upper thread erngagement which is sufficiertly below adjacernt
cylinder lirer landings to mirimize stress corncertration in that area.

SPECIFIED BTANDARDS: Norne

EVALURATION:
- Feview the design dimersional differerces betweer iLhe
previcus and currert head stud cesigns.

- For the currernt design:

. Evaluate the stress at the mirimum cross-secticnas
area resulting from the applied prelcads assuming
uriiform lubrication and lcad dis.-ibuticon. Stresz
curcentration effects of the threacs -=- "~ =-
included in the evaluatior. Verify threac
resistarce to distorticon.

b. Determire the cylirder firirng pressure and
resultant force on the cylinder head. Utilizing
the cylinder heac gecmetry, determire the
alterrating lcad applied to each stud cdue to *he
cylinder head resultart forces.

c. Evaluate whether the total resultart force is
sufficient to cvercome the bolt prelcac.
d. Evaluate the bolt torgque/prelcad techrigue o
determine whether acceptable loadirg ic agsurecd.
3e Ferform a similar arnalysis on the previcus TDI design

anc assess the effect of the material arnd desigr
differerces.

REVIEW TDI ANALYSES:
1. Review TDI stress aralyses asscciated with the design/
material charges.

INFORMATION REQUIRED:
- B Maximum cylinder firirng pressure
2. Stud gecmetry and crawirngs

T —— . b satt s Bibibints S5, sl 13- Sasihe SR £ - — s s s -



-

H - -’ . M——— -
- . e el s— - R

3.
.

s.

“ud material specifications
Cylinder head gecmetry
Stud torgue specification and lubricatiorn recuirerents
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CONNECTING RODS

03~

J40on

UNIT
<

ANALYSIS

TESTING

INSPECTION

R-48 ENGINES:

Stress analysis of crank pin bore
and cap distortion; stress analy-
sis of wrist pin bore and bushing;

100 Hrs @ 100% power
LOOP/LOCA Simulation

- 3 engines

inspect crank pin bore and wri
pin bore,
LP inspect wrist pin bushing -

SHORCHAN Evaluate cap bolt terque and sample basis
design requirements
Verify similarity to 5NPS 100 Hrs @ 100% power - 1 engine None required if SNPS inepect|
RIVER BEND acceptable s .
Verify similarity to SNPS Normal Preop testing None required (€ SNPS inspecti
RANCHO SECO acceptable
V-16 ENGINES:
Stress analysis of RY connecting [ 100 Hrs @ 1008 power - 1 engine Inspect crank pin and link pin

vod; Evaluate cap bolt torgue
and design requirements

bores, bolt holes and parting
surfaces - 1 engine - Sample

GRAND GULF Verify implementation of cap bolt basis depending on stress anal
torgque per SIM64
“erify similarity to GGNS Normal Preop testing None required if GONS acceptab
CATAWBA Evaluate differences
Verify similarity to GGNS Normal Preop testing None required if GGNS acceptab
PERRY Evaluate diffcrences

COMMANCH. PEAX

Verify similarity to GGNS
Evaluate differences

Normal Preop testing

None required {f GGNS acccptab

Verify similarity to GGNS

Normal Preop testing

None required if GGNS acceptab

HARRIS Evaluate differences
VOGTLE Verify similarity to GGNS Normal Preop testing None required if GGKS acceptab’
Evaluate differences
V-12 ENGINES:
MIDLAND Verify similarity to GGNS Normal Preop testing None required if GGNS acceptab’

Evaluate differences

V-20 ENGINES:

SAN ONOFRE

Verify similarity to GGNS
Evaluate differences

Normal Preop testing

None required if GGNS acceptsb)

o ——— . ———————



CONNECTING ROD

PART NO.

PRIMARY FUNCTION:

COMPONENT DESIGN REVIEW
TRSX DESCRIPTION

DR-QZ-340A

Classificatior A

RI-242A Completion 3/20/84

The cormecting rod trevsmits engine firing forces from

the pistons and piston pins through the ods to the crankshaft such that

the reciprocating motion of the pistorns induces rotaticn and cutput torgue

of the crarnkshaft.

FUNCTIONRL ATTRIBUTES:
The connecting rod must have sufficient column bucklirng strength
ard fatigue resistance to withstand cylirder firing forces ancd

n

m

1.

o

£
n
]

e

[
-

2

L)

inertial loads.

In the RV engine design, the three oscillating bearirngs two (2)
wrrist pin bearings and one (1) link pin bearing arnd the rotating
crarnk pin bearing a:l reguire support from the conrecting rad.
the R4E design, a sirgle wrist and crarnk pin bearing are supported

The “.exure of the rod must be such that bearings are
unac eptably distorted.

not

Fass.ges within the rod must provide couvling and lubricating oil

to the bearings and pistons.

Stress levels, both mear arc alternating, must fall within the

endurance limits for the material utilized.

In

In the RV desigr, the two bolted joints (link rod to link pin and
master rod to corrod box) must maintain sufficient contact
pressure. The R4E desigr likewise requires sufficient clamping

forces on the crark pi- bearing cap.

The rod cap bolts mus. support the necessary prelcad without

yielding, fracture or unacceptable thread distortior.
The wrist pir bushing must acceptably support the pas

pressure

anc inertia forces trarnsmittec by the pistons during the unigue
ruclear standby required starting cycle and normal coeraticr.

SETANDARDS: Nore

N
Determire the service histories of the cormecting
rods. Ir particular, evaluate the two V-style
cormecting rods (the I 7/8" bolt diameter cormectirng
rod ard the 1 1/2" bolt diameter rod) and the R48
style cornecting rod.

Irncorporate firing load profile data for the
crankshaft aralysis and the results of the 12"
diameter rod bearing analyses to produce a connecting
roc static load profile, with the add tion of inertia
icads for a complete time-load map.

Evaluate the significance of possible rod bow as it
effects bearing certerline angular misalignment.

L - .- . . .- .- O - Vo *
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DR-@3-342A

&, Review and report on failure of conrecting rod at
Copper Valley Electric, Gler Aller, Alaska.

. Cornduct Journal orbit aralysis of the wrist pin
bearing.

€. Using examples of fractured rods to focus the area

of irnvestigatior, develop finite elemert models of
the 1 7/8" bolt diameter V-type rocd, tc define
deformation ard the possibility of crack initiation
and propagation.

7. Evaluate the recessary preload and acceptable desiogn
requirements (yielding, thread distortion) of the
rod cap bolts for the R-48 and RV designs.

8. Evaluate the loading, fabrication and installation
requirements of the wrist pirn bushing for acceptable
riuclear standby service.

9. Perform a metallurgical examination of fractured
conrecting rods in FaRA possession.

i?2. Complete firnal report.

REVIEW TD' AMALYSIS:

1.

-
.
-
-
-~

“—

> (8]

" )

Feview ary TDI stress aralyses or strain gage testing of
conriecting rode.

NTORMETION REDUIRED:

Correzting rod, wrist pin bearing and cap bolt drawirgs
Ergire cperating parameters (i.e., speed, firing pressure
time histcocry, ete.)

Component ghysical parameters (piston weight, cormecting
rod reciprocating and rotating weights, ete.)

TDI specified rod cap bolt torgues and installation
procedures.

TDI failure history of DSR-48 and DSRV cormecting rods
Pushing and corrmecting rod material specificatiors

I L M e L L T B T8 AR O A S i lB L i Sts TR AR A5 - i b L (o4
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CONN ROD BEARING SHELLS

03-3408

UNIT

ANALYSIS

TESTING

INSPECTION

R-48 ENCINES:

Journal Orbit Analysis
Finite Element Analysiws

106 hres at 100% Power and
LOOP/LOCA Simulations - 3} engines

NDT Inspection of all
bearings - 3 engines

SHOREH AM Fatigue/Fracture Mechanics
Journal Orbit Analysis 100 hre at 1008 Power - ] engine NDT Inspection of
RIVER REND (1f different from above} bearings -~ Sample basis
Journal Orbit A+ ilysis NDT Inspection of Dearings
RANCHO SECO (1€ different t_ om above) Normal Preop Testing sample basis

V~16 ENGINES:

Journal Orbit Analysise
Finite Element Analysis
Fatigue/Fracture Mechanics

100 hrs at 1008 Power - 1 engise

NDT Inspection of bearings
sample basis

GRAND GULF
Journal Orbit Analysis Normal Preop Testing
CATAWBA t1f different from above) NDT Inspection of
bearinge-sample basis
Journal Orbit Analysis Normal Preop Testing NDT Inspection of bearings
PERRY {1f different from above)

sample basis

COMMANCHE PEAX

Journal Orbit Analysis
{1f different from above)

Normal Preop Testing

NDT Inspection of bearings
sample basis

HARRIS

Journal Orbit Analysis
{1f different from above)

Normal Preop Testing

NDT Inspection of bearings
sample basis

VOGTLE

Journal Crbit Analysis
{1f different from above)

Normal Preop Testing

NDT Inspection of bearinge
sample basis

V-12 ENGINES:

MIDLAND

Journal Orbit Analysis
{1f 2iiferent ficm ahove)

Tmal Preop Testing

NDT Inspection of bearings
sample bas;s

V-20 ENGINES :

SAN ONOFRE

Journal Orbit Analysis
{1f different from above)

Normal preop Testira

NDT Inspection of bearings
sample basis

L]
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COMPONENT DESIGN REVIEW
( TASK DESCRIFTION

CONNECTING ROD BEARING SHELLS Classificaticr A
PART ND. @3-340F Completion 2/1/84

PRIMARY FUNCTION: The ccrnecting roc bearing shells provide the oscillating
sliding surface betweer the cormecting roc and the crank pin through the
formation of a hydrodyrnamic oil fiiw. They transmit the cylinder firing
pressure to the crankshaft through the cil film, converting the force into
torque.

FUNCTIONAL ATTRIBUTES:

i. The bearing shells must have sufficiert fatigue life and wear
resistance to tolerate normal operating conditions for the
intended service.

2. The bearing material must be of low fricticrn to tolerate possible
momentary contact with the crankshaft cduring starting cf the
engine and the surface of the bearirg shell should be constructed
of a material which is tolerant to tre preserce of foreign
particles minimizing Jjournal wear.

3. The dimensions must be manufactured with sufficient accuracy to
obtain the proper interfererce fit in the cormecting rad, arnd tc
establish the specified clearance betweer the bearing shell arndg
the crankshaft. .

4. The bearing must be desigred so that during cperatior key
parameters including oil supply pressure, peak 211 film pressure,
mirniimunr oil film thickress, and oil film temperature rize are
withir acceptable limits for the specified diesel ergirc
applicatior and required life.

- The bearirg material should be resistart to poesible coricsion
due to chemical composition of lube o1l.

SFECIFIED STANDARDS: None
EVRLUATION:
1. Obtair cylinder pressure vs. crark argle data from

DER-4B test and compare to assumptions for previcus
bearing shell design review.

2. Review cylinder pressure vs. crarnk argle for
DERV=-16~4 designr.

e Ferform journal orbit arnalysis of DSR-48 desigr.

4, FPerform finite elemert aralysis of DER-48 desigr.

S. a. Fracture mechanics life estimate of DER-4E cesigv.
b. Determine maximum void size in bearing castings for

radiograph inspection acceptarce criteria.

€. Journal orbit aralysis of DSRV-1€-4 design.

Ve Finite element analysis of DSRV~1€~-4 (if regquirec by
item €.

8 a. Fracture mechanics life estimate of DSERV-1£€-4 design

(1f required by item £).

I A LA AR A QAR APPSR tal S e fees  C o YSmQueagRESito ¢ T T



DR-23~242E- 1

b. Determine maximum void size in bearing castings
for radiograph inspectior acceptance criteria (if
required by item €).

9. FPhysical examination of used DSRY/-16-4 bearing shells
from GGNE to determire elastic deflectior JLatterns.
1Q. Evaluate effects of babbit adhesicn ard thickriess

variations,
11. Complete report on DSR-48 and DSRV-1€~4 bearing
shells i1r SNPS and GGNS engires.
1g. a. Determine differerces, 1f any, betweer DERV-1E£-4
and DSRV~-12-4, DSRV-20-4. Conduct rnecessary
design review steps, issue final report coverirg
all engires.
b. Evaluate possible preverntive mairnterarce and
moriitoring prorecdures (i.e., ©il sample particulate’
chemical aralysis, periocdic visual inspectior).

REVIEW TDI ANALYSES:
i. Obtairn arny available journal orbit aralyses.
. Review any bearing failure aralyses.

INFORMATION REQUIRED:

1. Marufacturer's drawirgs of bearings, correcting rods,
crankpin jJournals

e. Cylinder firing pressure ve sus time for DSRV-1E-4

3. Lubrication o0il specifications

4. Conrecting rod rotating and reciprocating weipghts



PISTONS

03-341

unIT oo ANALYSTS TESTING INSPECTION
R-48 ENGINES:
Finite Element Analysis 100 hrs at 100% Power and NDT Inspection of pistons -
SHOREHAM AE Thermo/Mecnanicat Analysis LOOP/LOCA simulation - 3} engines | sample basis
Fracture Mechanics Analysis on
AE-type piston configuration
Finite Element Analysis 100 hrs -~ 1 engine NDT {n-g:ctlon
Thermo/Mechanical Analysis Sample sis
RIVER BEWD - Fracture Mechanics Analysis on
AN-type piston configuration
Verify similarity to River Bend reop NDT - Sample basis depending or
RANCHO SECO - Evaluate differences if any e ShowaNn River Bend results
V-16 ENGINES:
Verify Similarity of Operating 100 hrs at 100% power - 2 enginesINDT - Sample basis depending on
Parameters to SNPS SNPS, RODIAR and TDI R-5 inspec
GRAND GULF AE tion resuits
CATAWBA AN Verify Similarity to River Bend Normal Preop testing NDT - Sample bhasis depending on
Evaivate Differences if any SNPS or River Bend results
Verify Similarity to River Bend Normal Preop testin NDT - Sample basis depending on
PERRY AN Evaluate Differences if any v . SNPS or .:,‘t Bend reszlt-n'
Verify Similarity to River Bend Normal Preop testin NDT - i
COMMANCHE PEAR A | Evaluate Diffecences if any 4 . SIS 56 Thvas Soig aolonecny on
Verify Similarity to River Bend Normal P testi NDT -
HARRIS AN Evaluate Differences if any - T [ SNPS oi‘:ﬁ::rb;::; ::f::::"' o
Verify Similarity to River Bend Hormal P testin NDT - b a
VOGTLE AN Evaluate Differences if any e, e SNPS of':f::r ;::; :::::t:ng -
V-12 ENGINES:
Verify Similarity to River Bend Normal Preop testin NDT - Sample basia depending on
MIDLAND AH/ AN Evaluate Differences if any . SNPS or.:?v:r ::"d ,,:::t, »
V-20 ENGINES:
SAN ONOPRE pon Verify Similarity to River Bend Normal opera‘ion NDT - Samnle basis depending on

Evaluate Differences if any

SNPS or River Bend results

e —————
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COMPONENT DESIGN REVIEW
TASK DESCRIFTION

Classification &
Conpleticn 2/5/84
PISTONS
PART ND. 22-341

PRIMARY FUNCTION: The pistons react the cylinder firing pressure and
provide a reciprocating mechanism for converting combirned irertia anc
combustion pressure forces into mechanical torgue through the wrist pin,
connecting rod and crankshaft,

FUNCTIONAL ATTRIBUTES:

1. The piston crown must have sufficient strength tc resist the high
temperature and pressure firing loacs.
. The load transfer betweer the pistor crown and skirt structure

must not produce alternatirg stresses sufficient to cause
failure of the skirt.

3. The wall structure of the skirt must be resistart to pressure
‘nducec deformatior which could result ir skirt fatigue in
proximity to the stiffering ribs.

4. Preload in the crowr studs must be sufficient to preclude
failures of studs/riuts/washers.

S. The piston skirt must provide a suitable sliding surfacc against
the cylinder liner.

€. The piston ring groove must be sufficiertly wear resistart to

provide sufficient ring life.

i

SFPECIFIED STANDARDS: Nore

EVALUARTION:
- 98 Determine the historical evolution of the AF, AF
modified, AH, AN, and NE piston designs, including
casting, heat treatment, dimersicral ard material

changes.

2. Determine maximum firing pressures and tenperatures
for DSR-48, DSRV-1E6~4, DSRV=-12-4, and DSRV-20-4
designs.

3. Develop finite elemert models for AF modified and

RE piston designs with pressure loacing (static
conditions).

4. Conduct thermo/mecharical arnalysis to determirg
thermally induced load trarnsfer due to Crown
distortion.

S. Perform metallurgical examinaticrn of fractured OF
piston skirts.
€. Perform eddy current examination of AF piston skirts

from TDI DSR4E and RS engines, and Rlaska stationary
diesel generator.

R Rar ¥ o i - oy BB Loy 0.9 0 45 N
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DR=-Q3-341~1

Conduct fracture mecharics analysis of possible
crack propagation in AF modified and RE designs
with differing stress conditicons,

Conduct experimental static iscthermal stress
gistribution test on RE skirt.

Evaluate the effect of pistor side loading on wear.
Perform LP and eddy current inspecticr of SNPE RE
pistons following 100 hrs at 102% load.

Assess the sinlarity of the AF madified, AMH, ard
AN piston designs.

Complete report on AF modified, AH, AN and RE pistons.

REVIEW TDI ANALYSES:

1.

Examine TDI strain gage testing (static) or skirt
stud boss regiorn.

INFORMATION REQUIRED:

1.

2.

TDI drawings for AN and RE designs including stucs,
Belleville washers, prelcad, material specifications
Historical information on casting changes, heat
treatment changes

Maximum cylinder firing pressure ard temperature

for DSR-48, DSRV-1€~4, DSRV-12=-4 arnd DSRV-ZQ2-4

’ . . . o CapahR . g W
R it . o E:.,f," 4 o ;Nﬁ. 3 3 _."*"‘. *g'._h v
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COMFONENT DESIGN REVIEW
TASK. DESCRIPTION

ARIR ETART VALVE CAPSCREWS Classificaticrn A
PART NO. 23-3%3 Completion 2/1/84

PRIMARY FUNCTION: The air start valve capscrews “rovide clamping force to
hald air start valves ir place on cylinder heads.

FUNCTIONAL ATTRIBUTES:
le The air start valve capscrews ."ust have sufficiert strength to
withstand the necessary preload Ind reactiorn eir loading without

yieldirg ard resulting in loss of clamping force on the air start
valves.

STECIFIED STANDARDS: Nore

EVR_JATION:

i. Verify acequacy of rew capscrew lergth to prevent
Bottoming out of the capscrew during installatior.
Review to irclude maximum tclerarce of capscrew

length coupled with cylinder hean mirimum hole depth.

2o Evaluate adecuacy of specified i1uque value.

- 4 Perfornm worst cacs2 aralysis of reaction air loading
iri casscrews.

L Ceternire the total restart bclt stress.

<3 Coeliate the TDI recommercder retorguing reguiremerts
“ler coeratlicr due o use of copper gas«ets.

TDVIZV TDI ANMALYZES: Review loac anc deflection analyses
£
: &y

INFORATIIN REJIIRED
Térwcrews and washer materials ard dimercsicrs
i Criiver. head Erawings
- Trzelifiel torcue value and lubricaticon reguirements

(3]
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DR-22-360A

COMEONENT DESIGH REVIEW
TASK DESCRIPTION

CYLINDER HEAD Classificaticor B
PART NO. 22-3e0~ Completion 3/12/84

FPRIMARY FUNCTION: Provicde pressure tight cap for engine cylirder arnd
provicde passages ancd sealing for cocoling water, lube cil, starting air,
intake anc exhaust gasses.

FUNCTIONAL ATTRIEBUTES:

b The cylirder head must have sufficient structural stiffress to react
the cylinder firing forces without seal leakage or deformation wh ch
would produce unacceptable bending loads orn the cylirder head studs.
The fire deck must be sufficiertly stiff with thickress recessary to
mairntain stresses below endurarce limits, however, the firedeck must
alsc be thin ercugh to provide adecuate heat trarnsfer for cocling

mn

purposes.

3. The cylinder head must alsc possess sufficient recistarce to thermal
arc mechanical fatigue to prevent failure.

4. Resicual stresses in the cylinocer head must be adecuately relieved to
prevert castivg fatigue ard fracture.

- P Rreas cf high contact lcading and high gas velocities, such as valve

scats, must be resistart to impact and corrosicon damage.
SPCCTIFIED ETANDARDS: Nore

EVALUATION:

1. “evigw previcus failure analyses of cylirnder heads

w.t® jacke! water passape flaws, fire deck flawes arnd

valve seat cracking. -

Tvaluste ,cszidle causes of crack initiation.

Cordunct physical/dimensicral examination/comparison

zf carly ang current gererations of cylinder heads.

Determirve gas pressure loacding and operating parameter

ciffererces between R-4E ard RV erngires.

- Eveluate the improvements iv manufacturing and casting
techniques and the adegquacy of the head cocling con-
figureticor. Icentify possible crack propagation
mecharisms if any.

i Revien NDV procedures for head castings.

s Rev.ew results of hydrotesting.

Review the inspection of sampled SNPS cylirnder heads

folilowing 4 hours at 112% power, 120 hours at 100%

power, '

- B Evaliuate the adeguacy of the ergirne barrirng procedure.

9 £

REVIEW TDI ANRALYSES:

s Review documerts concerning cylinder head cracking
including metallurgical examination of castirgs.
e, feview ary stress or strain gage aralyses.




IMAGE EVALUATION
TEST TARGET (MT-3)
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IMAGE EVALUATION
TEST TARGET (MT-3)
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INFORMARTION REQUIRED:
( l. Marufacturer's drawirngs of early and current
) he de irncluging any charnges in casting practices
anc process control.

2. Cylinder firing pressure curve for R-48, RV-16, d
RV=-12, RV-22 enyines

3. Thermoccuple measurement of cylincder head transient
and steacy state temperatures

&. A1l documents and reports of cylinder head flaws and :
possibly sracking for the R4E anc RV engines

S. Review irnormation (depusiticons and affidavits)

subniited to date in the cylirder head RASLE
litigation,
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DR-Q3-36%C

COMPONENT DESIGN REVIEW
TASK DESCRIPTION

FUEL O7L INJET .ON TUBRIMG Classificaticr B
PERT NO. @3-322%5C Completizn 3/1/84

PRIMARY FUNCTIONS: To tramsfor high press.re fue. from the fuel
vjection puag to the irvgertion si—ay nozzle.

FURCTIONAL RTTRIBUTES:

i. The fuel ci1l irpection tube assembly must have adecuate fatiouce
strergth to withstard the cyclic high pressure ard vibration strecces
without “utigue cracking or failure by yieldirg.

L. The tube ssembly must be resistant %c corresicv and ercsiorn on the
:neide diameter.
The corrector wust alsc withstand the service induced conditiors.
SPECIFIED STANDARIS: None
EVE_UATICN:
{5 Seternive marxinun SIresses ircurred in fuel
irgection tubirg Dy calcuzltiorn per ASA” ~Sect ion
211 zstress & fatigue analysis - W48 8 V engires.
e Verify the tube assembly has sufficient strergth and

-

life by pomsaring actual siress levels to vield and
ercurance limists.

B “grforn fracture mecharics arslysis to determine the
werimun innme clareter flaw size that will not
propazate tc tudbe failure.

£ Eveluate thc adeguacy of the NOT procecure to
gwdreantee zultoritical flaws, 1f any.

¢ E.2luatc acec.acy, of mecharical jJoints and com-
SrESZion requirevents for the Swepelock fittirngs.

AP Evaluate ercsicrn/corrosion resistarnce of the

'

cuZ.ng to the fuel usec ir ruclear stancdby service.

'TEW TDT ANALYSES:

" Teviea D1 REIL test summary report on F.0O. irjestLon
t ibaeg, RV-DQS-1E.
S feview &v, TDI test data or service pressures and

flow rates.

INFCRYATION REQUIRED:

- Injaction tube assembly drawings anc -aterial
gpecificetions

2. Marnufacturinn cetails; surface firish, reguired

inspecti~ns
2. Applicable Z/N date for tubing material 5
L, Eervice pressures ard flow ratecs

G T s e ——, ¢ e—g— COTERPITE T ' PR gPT T (NI S e e
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PUSH RODS
03-1%
»
UNLT ANALYSES TEITING INSPECTION
R-48 ENGINES:
Stress analysis of plug 10€ nrm, 2 1000 LP inspection of plug weld
and friction weld designs LOOY/LOCE gimulation ~ 3 sngines sample basis
£ IRENAN Metallurgical cxamination ot Experimental .ndurance test of
friction weld pushrod f:irtion wald pushrod
Verify desian type 100 ar. @ 100% )} engine LP inspection of plug weld
RIVER BEND sample basie
Verify design type Normal ) ‘eop testing LP inspection of plug weld
RANCHO SECO aample basis
V-16 ENGINES:
Verify design typs Kormal Preop testing LP inspection of plug weld
Metallurgical examination of Experim:ital endurance test of sample basis
GRAILD GULF friction weld pushrod friction wel: pushrod
LP ins tion of pl weid
CATAWRA Verify design type Norms ! Pieop teating seuple Seeis pLes
LP ins tion of gl weld
PERRY Verify design type Normal Preop testing ..-pieP::su i
COMMANCHE PEAX Verify desi Preo: tes:. e isspection of plug weld
y an type Normal Mreo: tes'ing sample basis
-1 LP inspesction of pl wald
HARRIS Verify design type iiorme ! Preop teuting '”‘P‘Qp:"" pivs
VOGTLE : LF inspection of plug weld
| Verif,; design type Normal Preop tes ing sample basis
_ ""<12 ENGINES:
MIDLAND Verify design type Mormal Preop testing LP inspection of plug weld
A sample basie
V-20 ENGINES:
LP inspection of pl weld
SAN OWOFRE Verify desian typ. flormal Preop tosting .nplrp:nts e

PS—

SIS —



DR-23-3292~1

COMPONENT DESIGN REVIEW
TRASK DESCRIFTION

MAIN AND CONNECTOR PUSHRODS Classificaticon E
PART NO. 22-332 Completicon Z/27/784

PRIMARY FUNCTION: The pushrods form portions of a linkage that transwmits
camshaft lobe motion to the cylinder irntake and exhaust valves, thereby
comtrolling the valve opening and closing cycle by reacting against the
valve spring and inertial forces.

FUNLCTIONAL ATTRIBUTES:

1. The pushrod lcading is comoressive, sC that the pushrods must have
s.fficiernt strergth to withstand compressive buckl:i:rng.

The pushrod ends must have arceptadle wear resistance.

The design of the interface betweer the pushrod tube and end fitting
must minimize the possibility of manufacturing defect . and aceguately
react cperational loads.

g
.

SEECIFIED STANDARRDS: None

EVALURTION:

1. Review the historical evolution of pushrods,
including dimensicral, material arnd manufacturing
changes.

Determin? maximum compressive lcoads for DSR-48,

DSRV-1€-4, DERV-12-4, anc DSRV-Z0-4 cesigns.

» Review me*~llurgical arnalysis performed by Micdcle
Soutt Service for Mississippi Power ard Lig-t
(MPEL), entitled "Metallurgical Eveluation of
Diesel Gereratcor", catec October 1982,

4. Review relevant porticorne of "Grand Sulf Nucleger

Station = Unit I Interim <eport or Division I and

11 TDI Gererators”, datec January 1984.

s
.

[0

- 9 Ferform metallurgical examinatiorn of fa:led pushrics.

€. Review friction-welded pushrod end configuration
from design, marwfacturing, anc metallurgical
standpoints.

) Complete report orn pushrods on LILCO and MEEL
engines (DER-48 and DSRV-1E€-4),

a. Complete repocrt on DSRV-12-4 and DSRV-ZJ-4 ergires.

REVIEW TD1 ANALYSES:

B8 Review any TDI aralyses related to the evolution of
the pushrod cap design from plug weld, to the hardened
ball and ultimately to the irertial welded can.

INFORMATION REQUIRED:

1. Marvfacturer drawings anc material specitvications
L. Rocker arm spring and inertia loads
. & Metallurgical reports of previcus plug and ball weldec

cormecting rode which experierced fractures.
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ROCKER ARM CAPSCREWS

03-3906

uNIT

ANALYSIS

TESTING

INSPECTION

R-48 ENGINES:

Strese analysis: praload snd
operational induced lnads for
reduced cross section capscrew

100 Hre # 200% power
LOOP/LOCA simulation - ) engines

Visual examination on ) sets pe
engine, verification of proper
torque and current design type

SHOREHAM design.
Verify similarity to SNPS/GGNS 100 #rs € 100% power - 1 engine Verify proper torgue and design
RIVER BEND type ;
Verify similarity to SNPE/GGNS Normal Preop testing Verify proper torgue and design
RARCHO SECO Evaluate differsnces type
V-16 ENGINES:
Stress analysis: preload and 100 Hem @ 100% power - 1 engine Verify proper torgue and design
oparational induced losds for type
GRAND GULF uni form cross section capscrew
design,
Verify similarity to SNPS/GONS Normal Preop test - Verify proper torgque and design
CATAWBA Evaluate differences type i o
Verify similarity to SNPS/GGNS Normal Preop l‘eatf g Verify proper torgue and design
PERRY Evaluate differences

type

Verify similarity to SNPS/GGNS
Evaluate differences

Norm=' “ranp t~ .ing

Verify proper torgue and design
type

HARRIS

Verify s'milarity to SNPS/GGNS
Evaluate differences

Normal Preop testing

Verify proper torgue and design
type

VOGTLE

Verify similarity to SNPS/GONS
Evaluate differences

Normal Preop testing

Verify proper torgue znd design
type

V-12 ENGINES:

MIDLAND

Verify similarity to SNPS/GGNS
Evaluate differences

Normal Preop testing

Verify proper torque and design
type

V-20 ENGINES:

SAN ONOFRE

Verify similarity to SNP5/GGN5
Evaluate diffarences

Normal Preop testing

Verify proper torque and design
type

i




DR-Q32~-3906~1

COMPONENT DESIGN REVIEW
TRSK DESCRIFTION

ROCKER QRN CAPSCREWS Classifi~aticor E
PART NO. 22-32026 Completion 2/1/84

FRIMARY FUNCTION: The rocker arm capscrews transmit resultant lcacz from
the valve soringe, valve opening pressure pushrods, and rocker arm
assemblies to the sub cover and cylinder heads.

FUNCTIONAL ATTRIBUTES:
26 The rocker arm capscrews must have sufficient strength to withstand
the recessary prelcad and cscillation loacds without fatigue cracking,

ureéccestable preicac relaxation or thread distortion.

SEECIFIED ETANDRRDES: None
EVRALUSTION:
2. Determine i{he stuc dimersions from existing design

Crawivrgs ard evaluate the stress at the minimum
crose-s&cticral ares resulting from the applied
Freicads assuming uniforn thread lubrication and
irad distributicon. Stress concertration factors
for the thread roct area will be irncluded in the
arglysis fur the previcus TDI design.

5. Cgteruwire the stresses experierced at the minimum

zrea resdlting from push rod motion, valve

sorivg ceflecticorn and valve cpening pressure.
Se Deterrire the total resultant bolt stress arg
sorpare tc yield and evcCurance limits.
~. CoséTE Capunirew cesizn and material specification
to RET™ P-192.
- Tval.ate the thread specification for resicstarce
e Zigtorticor and creep.
> Tasfren gimilar analysis on the previcus urniforem
croer sesticr capscrew design.
FEvate TE: FHNRLYEZS:s
5 Te.igr avy TDI stress aralyses associated with desigr/

msterial changes.

INFTRMETION RZCUIRED:
aa Cezzcrew preload (hold-down force)
2. Cacscrew lubrication
2. —ézscrew cesipr drawivgs and material specifications
4. Rocker arm geometry arnd drawings
S. Valve soring cornstants, free lergth, compressed

:.Yv:‘."n
Cperating loacs or the capscrews
Valve pop-cper pressure iv cylirncer

4 m
.
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COMPONENT DESIGN REVIEW
TASK DESCRIFTION

JACKET WARTER PUML Classification R
PARRT ND. @3-42% Completion 3/18/84

PRIMARY FUNCTION: This pump takes suction from the Jecke: water stardpipe
anc celivers trhe reguired flow of treated jacket water at the reguired
pressure to the engine jacket water header. The Jacket water circulates
through the ergirne cylinder Jackets, exhaust manifold, the turbocharger
intercooler, turbocharger lube o0il and Jacket water coocler. The

Reactor Building Service Water System heat excharnger irterfaces with the
Jécket water systen for the ultimate heat removal.

FUNCTIDNAL ATTRIBUTES:
® . The pressure bourdary must mairtain integrity to prevent urnacceptable
water lesxs.

2. Tre Jacket water pump must deliver reguired flow at normal cperating
pressure curing engine cperation.

3. The mechaniczl sesl must be acecuately cdesigred for appropriate wear
i11fe.

4, The pump shaft must be able tc deliver required torque to pump impel .l
with fluctuating torgue input through gear trair.

S, cump drive gear must be adeguate to trarnemit steady state arnd transient
scads.

SPECIFIED STANDARDS: None

EVRALLUATION:

1 Zvaluate design and Aydrotest pressures for casing

anc impellér supplied by Berkeley Pump Co. for the

R48 ar2 Facific FPump for the RV engines.

Verify that pumps have rur to date with ro un-

atceptadle leaks iv pressure boundary components.

Verify that jacket water pump has provided sufficient

flow and pressure suct that the cooling water

temperature has rnot exceeded acceptable limits in the

abserce of cther system problems, at rated load and speed.

Evaluate pump performance tests.

Verify that there have beer nc unacceptable mecharical

seal concditions tc date.

Fralyze stresses irn pump shaft due to bending, torgue

and nut temsion ov gear arc impeller ernd (R-48 arng RV

engines).

7. Eveluate the effects of the fluctuating torgue input
from engire pear train.

(0]

L

REVIEW TDI ANALYSES:

& Review ary TLI analyses asscociated with charges in
impeller attachment corfigurations.,

B ke S adNG B I8 5 : ar g ey 51 Sl
AL TL S T4 el I AR Y . G P Pt o N » e AR
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DR-QZ-42%

INFORMARTION REQUIRED:

: BN Maintenance records asscciated with pump casing and
mecharical seals

2. Start up ang cperational logs which iderntify cooling
water system temperatures.

3. Desigr anc hydrotest pressure for the casings provided
by Perkeley & Pacific Pump Companies

&, Detailed drawings of pump rotors incluc.ng fits and
tolerarces or impeller anc gear and materials

e Sveady state anc transient torgue oscillations inout
to the Jacket water pump from the drive gear assembly

E. Fump perf_rmarce data including mechanical efficiency

Te Gear ratic or pump pear and crank gear

8. -7 ard visual inspec'ion results of the SNPL Jacket

water pumg assembly following 12 hours at full icad
arc a _DDP/LOCA simulation

®. TDI specifiec procedures for installing gear and
-mpeller or shaft including percert cortact required,
torgue or gear and i1mpeller nut
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DR-22-688F

COMPONENT DESIGN REVIEW
TASK DESCRIPTION

WIRING & TERMINATION Classification R
PERT NO. 23-688E Completion £/27/84

PRIMARY FUNCTION: The wiring and terminations irtercornnect instrune-t.
control and power circults on diesel gererator itself and withirn the
control panels.

FUNCTIONAL ATTRIBUTES:
- N Conguctors, insulation, and termiration must be suitable for
specified aip rating.

Conductors ang insulatiorn must be flame retardant.

Material ard insulation rating should be appropriate for engine and
generator acplications.

(] !u

SFPECIFIED STRNDARDS: IEEE-383

VALUATION:

. Revigw wiring insulation for compatability with
circuit reguirements.

Flame retardant ivsulation:

s n

o

&. Determi- 2 whether insulatior is gualifiecd to
IEEE-282, UL or some cther incustry standarc.
k. Determine whether insulaticor ic a material

“rowrn to have gereric fire retardarnt
characteristics.
c. Detervirne whether wiring neec be irstallec in
irdividuel concuit to mivimize insulation damage.
Evalvate ary special circuit reguirements, such as
st ilelced cable.
Coapare terminaticor type, material, size arc
imEUlation ratirgs with characteristics reguired

icaticn.

- - -

TVIZW TDI ANBLYEZE: Review if available

INFORYETION REQLUIRED:

2s Cadle {,z2e test reports or other approved gualifi-
c2tiorm method for each cable type supplied with
the rgine
' =
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DESIGN REVIEW/QUALITY REVALIDATION

The Design Review/Quality Revalidation (DR/QR) Program has
been established to conduct a cetailed review of the Trans-
americg Delaval (TDI) engine/generatcr design and to subject
individual engine/generator paits to a rigorous gquality
revalidation which is capable of providing reasonable assur-
ance that the TDI engines will perform their intended func-
tion. The DR/QR Program objective is to identify important
coemponents of the TDI diesel engine and to assure that these
components are properly designed and fabricated. Selected
components will be subject to a detailed design and/or gquality
revalidation review. Any potential deficiencies identified by
the Program will be evaluated and/or corrected as apprcpriate.
Appendix 4 includes procedure DG-1, "Diesel Generator Design
Review and Quality Revalidation Program Description”, which

provides'more details on the Program and its organization.

It is significant to note, that, while TDI drawings and
certain TDI information is being used as input teo the DR/QR
Program, the actual technical evaluations are being performed
independent of TDI thereby providing an independent verifica-
ticn. TDI will be kept in the review ard comment cycle in
order to take in:o account their engine and component specific

expertise.

The DR/QR Program is divided into five major steps:

i



Compcnent Selection

Preparation of Task Descriptions
Design Review

Quality Revalidation

Preparation of the Final Report

Component Selection

A Component Selection Committee designates the diesel gener-
ator components to be subjected to the CR/QR Prugram. Selec-
tion is based on the component's function and role in the
overall operation of the engine, industry experience, and the
engineering judgment and experience of the committee. The
selection process includes review of available operating
information on TDI diesels to ensure that relevant experience

was adeguately considered.

As part of the compcnent selection process, components are
classified as either type A. B, or C. These classifications
are based on the effect of the component's failure on the
diesel generator performance. Type A components are those
whose failure would result in diesel generator shutdown. Type
E components include those whose failure would result in
reduced capacity of the diesel generator or the eventual
failure of a Type A component if not detected. Components
whose failure have little or nc bearing on the effective use

or operation of the diesel generator are classified as Type C.

‘"
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Following classification, the Committee then specifies
appropriate design review and guality revalidation reguire-
ments. This information is forwarded to the Design Review
Group and Quality Revalidation Group for preparation of task
descriptions. Procedure DG 2 "Diesel Generator Component
Selection Procedure", Appendix 4, provides additional details

of the selection process.

Component selection has been completed for the lead engines;
GGNS (MP&lL) tfor the V engines and SNPS (LILCO) for the in-line
engines. The results of the component selection (ie. design
review and/or guality revalidation, where appropriate) are

provided in Table IV.1 and IV.2.

Preparation of Task Descriptions

The Design Review Group and Quality Revalidation Group prepare
task descriptions tc define the reviews, inspections, calcula-
tions, etc. that will be performed for each component. The
task descriptions include any requirements specified in the
selection process as well as a more detailed explanation of
the methodology, procedures and standards which apply. This

task ‘escription provides, as applicable:

1. Primary component function and required attributes,

e Applicable codes and standards,
3. Alternative codes, standards, or analytical

technigues,



4. Analysis or evaluation to be performad to
assure satisfactory design,

$. Available verifications of TDI analysis (if
any) ,

6. Fina)! documentation regquirements, and

p Schedule for completion.

Appendix 6 and Sectiou III include the sixteen task descrip-
tions for Phase I components that have been prepared at this
time. Task leaders prepare and complete these task descrip-
tions as described in procedures DG-3, "Diesel Generator
Component Design Review Procedure" and DG-4, "Diesel Generator

Quality Revalidation Procedure" (Appendix 4).

In addition to providing a more detailed outline of the
specific revi. on an individual component, the task descrip-
tions list the information or egquipment (such as drawings,
design information, NDE equipment, etc.) which are necessary

to complete the Design Review or Quality Revalidation.

Design Review

Completion of the Design Review in accordance with the task

descriptions is the responsi®ility of the Design Group. Due
to the number and diversity of the components and standards

involved, the design review must be tailored to each

component, and the Group must utilize their experience and
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professional judgement where necessary. The actual Dcsign
Review may be accomplished using any of the following methods,
including: a) an independent calculation performed by the
Design Group; b) an independent review of the adequacy,
appropriateness or correctness of existing vendor and/or
subvendor calculations; c¢) analysis perfcrmed by the Design
Group; d) testing specified by the Design Group; or, e) other

methods specified and approved in the task descriptions.

Design calculations, when required, are signed /y the preparer
and the checker to indicate concurrence with the calculation
and are individually reviewed. Upcn completion, che Component
Design Review results shall be filed and summaries submitted

for incorporation into the final report.

In addition to completion of the task descriptions, the Design
Group has two other important functions. It specifies gquality
attributes important from a design standpoint (in addition to
those identified during the component selection process) which
are to be reviewed by the Quality Group. The Design Group
also identifies any components which may require corrective
action to improve reliability of the diesel generators. This
will include appropriate recommendations such as increased
frequency of replacement and/or maintenance, or additional
in-service inspection These recommendations may also include

Quality Revalidation inspections, tests or reviews.

it



Quality Revalidation

The Component Quality Revalidation Group will be provided with
the gquality attributes which must be validated. The resulting
task descriptions includes applicable component descriptions,
attributes to be verified, methodology, acceptance criteria,
type of documentation to be provided, ard the completion

schedule.

Each component to underge Quality Revalidation will be subject
tc a documentation review. This process will identify and
catalogue all appropriate documentation (such as material test
reports, NDE, vendor/subvendor records, etc.) asssciated with
the component. With assistance from Quality Engineering, each
document will be reviewed for acceptability. These document
packages will be available to the Design Group to assist in
the engineering review. Important attributes identified by
the Design Group, for which acc~ptable documentation does not
exist, will be verified by tests and/or inspections performed

by the Quality Group.

Tests or inspections required to be performed on components
will be forwarded to Quality Engineering to identify
methodology and procedures to be followed. These instructions
will be issued to Quality Inspection via a task description.

Field inspections and tests will be performed by gqualified

personnel. Deperding upon the specified test or inspection,

‘"
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spare parts, or surplus parts may be used in lieu of installed
p:rts as the test/inspection article. Results of inspections

and tests will be reviewed by the Design Group as reguired.

Preparation of the Final Report

Upon completion of the DR/QR Program, a final report will be
issued for each utility. The final report will ccontain the

following information:

. Executive Summary

2. Program Descripticn

3. Methodology for Selecting Components

4. Summary List of Components and Classification
S. Methodology for Component Design Review

6. Result of the Component Design Review

[ 2]

Ts Methodology for Component Quality Revalidation
8. Results of Component Quality Revalidation
9. Tabulaticon and Discussion of any Discrepancies

Corrective Actions and Recommendations.
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.omponent

Number

F-068
F-139
F-161
MP-017
00-420

0r-481A

00-491B

00-495A

70-4958B

00-520

00-700A

00-7008B

00-700C

00-700D

00-700E

00-700F

03-CFR

“J3-305a

03-3058

TABLE IV -

|

LILCO Component Selection Results

Component Design-Review
Tescription Reguired
Intercoocler

Tocls Turbe

Pyrometer Wire

Turbocharger X

Lube 0il Pressure X

Regulating Valve

Turbocharger-Air Inlet
Adapter: Adapter

Turbocharger-Air Inlet
Adapter: Mounting Hardware
w/Flexible Connector

Turbocharger-Air OQutlet
Adapter: Adapter

Turbocharger-Air Outlet
Adapter: Mounting
Hardware

Warning Plate

Jacket Water Stand Pipe: X
Pipe, Fittings & Gaskets

Jacket Water Stand Pipe:
Valves

Jacket Water Stand Pipe: X
Supports

Jacket Water Stand Pipe:
Gauges

Jacket Water Stand Pipe: X
Switches

Jacket Water Stand Pipe: X
Misc. Boltirc Materials
Turbocharger Thrust X
Bearing

Base & Bearing Caps: : 4

Base Assembly

Base & 3
.ls Bearing Caps

=8 | PR T Y

Quality-Review

Required

No
Review

Reguested

o



somponent

Number

03-305C

03-305D
03-305E
03-305F
03-307a

03-3078B

03-307C
13-307D

03-310A

03-310B
03-310C

03-315a

03-3158

03-315C

13-315D

Page 2

Component Design-Review Quality-Review No

Description Required

Base & Bearing Caps:
Main Bearing Studs &
Nuts .

Base & Bearing Caps:
Main Bearing Caps

Base & Bearing Caps:
Thru Bolting

Base & Bearing Caps:
Seals, Gaskets & Covers

Lube 0il Fittings -
Internal: Headers

Lube 0il Fittings -
Internal: Tubing &
Fittings

Lube 0il Fittings -
Internal: Seals

Lube 0il Fittings -
Internal: Supports

Crankshaft & Bearings:
Crankshaft & Turning
Gear

Crankshaft & Bearings:
Bearing Shells

Crankshaft & Bearings:
Thrust Bearing Ring

Cyiinder Block - Liners
& Water Manifold:
Cylinder Block

Cylinder Block - Liners
& Water Manifold:

Cam Bearing Caps &
Dowels

Cylinder Block =~ Liners
& Water Manifold:
Cylinder Liner

Cylinder Block - Liners
& Water Manifold:
Jacket Water Manifoléd &
Piping

RO

Reguired Review
Required

BT 0 AR et s VAN RS, o IR, B L T s L peee
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Page 3

Component  Component Design-Review Quality-Review No

Tappet Assembly

, Number Description Reguired Reguired Review
Reguired

03-315E Cylinder Block - Liners X X
& Water Manifold: Studs

03~31SF Cylinder Block = Liners X .
& Water Manifold: Nuts

03-315G Cylinder Block - Liners X X
& Water Manifold:
Seals & Gaskets

03-317A Water Discharge Manifold: X 4
Jacket Water Discharge
Manifold

03-3178 Water Discharge Manifold: X X
Coupling & Seals

03-317C Water Dishcarge Manifold: X
Supporis

03~330A Flywheel X

J3-230B Flywheel: Bolting X i

03-331a Guards: Flywheel Guard
Assembly i

03-331B Guards: Rear Ceoil Guard

03-335a Front Gear Case

03-335B Front Gear Cassz: X
Gaskets & Bolting

03-340A Connecting Rods: X X
Connecting Rods &
Bushing

C3-340B Connecting Rods: X X
Bearing Shells

03-3412 Pistons Y X

03-341B Pistons: Rings X X

03-341C Pistons: " Pin Assembly X X

N3-345A Tappets & Guides: Intake X X
Tappet Assembly

02-3458 Taprets & Guides: Fuel X X




compenent

03-345C

03-350a

03-3508

03-350C

03-3535Aa

03-355B
03-355C

03-359
03-360A

03~3608

03-360C

03-360D

03-361
03-3622

03-362B

03-3635a

03-3658

03-365C

03-365D

Component
Description

Tappets & Guides: Fuel
Pump Base Assembly

Camshaft: Camshaft
Assembly
Camshaft: Camshaft
Bearing
Camshaft: Supports,

Bolting, & Gears

Idler Gear Assembly:
Crank to Pump Gear

Idler Gear Assembly

Idler Gear Assembly:
Gaskets & Bolting

Air Start Valve

Cylinder Head Valves:
Cylinder Heads

Cylinder Head valves:
Intake & Exhaust Valves

Cylinder Head Valves:
Bolting & Gaskets

Cylinder Head Valves:
Springs & Retainers

Indicating Cocks

Cylinder Head lovers:
Sub Cover Assembly

Cylinder BHead Covers:
Gaskets & Beolting

Tuel
Fuel

Fuel
Fuel

Fuel
Tube

Fuel

Injection
Injection

Injection
Injection

Injection
Assembly

Injection

Supports

T

e

Eguipment:
Pump

Eguipment:
Tips

Eguipment:

Egquipment:

i 40 ikl o 38 S11N

Design~Review
Regquired

<

Quality-Review

Reguired

Page 4

No
Review
Reguired

(1



Component

Number

03-371a

03-371B

03-371C

03-375
03-380A
03-380B

03-385A

03-3858

J3-387a

13-3878

03-387C

03-387D

03-390A

03-3908

03-390C

03-390D

03-390E

03-390F

Component Design-Review
Description Reguired

Fuel Pump Linkage:
Fuel Pump Control
Shaft

Fuel Pump Linkage:
Linkage Assenbly &
Bearings

Fuel Pump Linkage:
Automatic Shutdown

Intake Manifold
Exhaust Manifold

Exhaust Manifold:
Gaskets & Bolting

Cylinder Block Covers

Cylinder Block Covers:
Gaskets & Bolts

Crankcase Ventilator:
Crankcase Vacuum Fan .

Crankcase Ventilator:
Crankcase 0il Separator

Crankcase Ventilator:

Fittings. Bolting, Supports

Crankcase Ventilator:

Crankcase & Fluié Manometer

Rocker Arms & Pushrods:
Intake & Intermediate
Rocker Shaft Assembly

Rocker Arms & Pushrods:
Exhaust Rocker Shaft
Assembly

Rocker Arms & Pushrods:
Pushrods - Intake &
Exhaust

Rocker Arms & Pushrods:
Pushrod - Connector

Rocker Arms & Pushrods:
Bushings

Rocker Arms & Pushrods:
Lifters

Page 5
Quality-Review No

Reguired Review
Reguired
x \
|
|
: <
!
|
|
X
X
\
X 4‘
|
x |
x
X
X
X
X
X




Page 6

Component Component Design-Review Quality-Review No
Sumber Description Reguired Required Review

Reguired
03-390G Rocker Arms & Pushrods: X X

Bolts, Drive Studs

03~-402Aa Governor Drive:

Governor & Tachometer X .
Drive Gear & Shaft

03-4028 Governor Drive: X x
Couplings, Pins & Keys

03-410a Overspeed Trip: X X
Governor

03-410B Overspeed Trip: Governor
& Accesscory Drive Assembly X X

03-410C Overspeed Trip: Couplings X X
(Flexible & Spider) .

03-410D Cverspeed Trip: Vent X X
Valves

03-413 Governor Linkage X X i

03-415A Governor Assembly: X X
Woodward Governor

03-4158 Governcor Assembly: X
Booster Servomotor

03-415C Governor Assembly: X X
Heat Exchangers

03-420 Lube 0il Pumps ) X X

03-425n Jacket Water Pump X X

03-4258 Jacket Water Pump: ’ X
Cover

03-435a Jacket Wacecr Fittings: X X
Pipe & Fittings

~'03-435B Jacket Water Fittings: X %

Supports

s I Ao i i Aot



Page 7

“omponent Component Design-Review Qull@ty-ncview No
Num§:r Description Reguired Required Review
{ Reguired
03-437A Turbo Water Piping: X X
Pipe & Fittings
03-437B Turbo Water Piping: X X
Supports
03-441A Starting Air Manifeld: X X
Piping, Tubing & Fittings
03-441B Starting Air Manifold: X X
Valves, Strainers, Filters
03-441C Starting Air Manifold: X X
Supports
03-442A Starting Air Distributor: X X
Distributor Assembly
03-44:2E Starting Air Distributor: X X
Tubing, Fittings & Gaskets
03-445 Fuel Cil Booster Pump - X ; X
Pump Assembly
03-450a Fuel 0Oil Header: . X
Ejector Assemblies
03-450B Fuel Oil Header: X , X
Piping & Tubing
03-450C Fuel 0il Header: X x
Fuel 0il Filters,
Strainers
03-450D Fuel 0il Header: X X
Supports
03=-4552 Fuel 0il Filters & X
Strainers: Filters
03-455B Fuel 0il Filters & X
Strainers: Strainers
03-455C Fuel Oil Filters & X X
Strainers: Mounting
BEarédware
03-465A Lube 0il Liner - External: X X
Tubings, Fittings, Coupling
03-465B Lube 0il Liner - External: X X
Supports



Component

Number

03-467A

03-467B

03-475A

03-475B

03-475¢C

03-475D

03-475E

03-500A

03-500B

03-500C

03-500D

03-500E

03-500F

03-500G

03-500E

03-5001

- 33=-5003

Page B

Component Design-Review Quality-Review No

Description Reguired Reguired Rgvigw
Reguired

Turbocharger - Lube X X

0il Ficting: Piping

Turbocharger - Lube X X

Oil Fitting: Supports

Turbocharger - Bracket X X

Turbocharger - Bracket: X X

Air Butterfly Valve
Assembly (w/Actuator)

Turbocharger - Bracket: X
Air Intake Piping

Turbocharger - Bracket: X X
Bolting & Gaskets

Turbocharger - Bracket: X
Pipe Supports

Control Panel Assembly:
Cabinet/System

>
>

Control Panel Assembly:
Annunciators

>

Contrel Panel Assembly: , X
Circuit Breakers/Contact
Blocks

Control Panel Assembly: X
Pressure Gauges

Control Panel Assembly: X
Hourmeter '

Contrel Panel Assembly: X X
Accumulator

Control Panel Assembly: X x
Valves

Contrcl Panel Assembly: X
Pressure Switch

Control Panel Assembly: X
Pyrometers

Control Panel Assembly: X b 4
Relays



‘omponent

Sunber

03-500K

03-500L

03-500M

03-500N

03-515

03-520
03-3525A

03-525B

03-525C

03-525D

03-520A

03-5308B

03-530C

03-531a

03-5318

03-531C

J3-5402

Component
Description

Control Panel Assenbly:
Sclencid valve

Control Panel Assembly:
Tachometer

Control Panel Assembly:
Piping, Tubing, Fittings

Control Panel Assembly:
Terminal Board/Switches/
Wiring

Thermcstatic Valve
Nameplates

Barring Device - Pneumztic:
Barring Device Assembly

Birring Device - Pneumatic:
Regulator Valve/Shut off
Valve

Barring Device - Pneumatic: X

Misc. Fittings, Rose,"
Filters, Tubing

Barring Device - Pneumatic:
Mounting Bracket/Supports

Platform - Front & Side:
Side Platform Assembly

Platform - Front & Side:
Front Platform Assembly

Platform - Front & Side:
Bracing (with Attachments)

Platform Ladder Front:
Platform Assembly

Platform Ladder Front:
Bracing

Plasform Ladder Front:
Sub-Base

Lube Q0il Sump Tank:
Tank with Strainer
Assembly

Design-Review
Required

Reguired

R T T ol T et

Quality-Review

Reguired




‘omponent

Sunber

03-540B

03-540C

03-550

03-590

03-630A

03-6308

03-630C

J3-630D

03-650A

03-6508

03-650C

03-688A

03-688B

03-688C

J3-690

Component Design-Review
Description Reguired
Lube 0il Sump Tank: X

Misc. Fittings, Gaskets,
Pipe & Bolting Material,
Valve

Lube 01l Sump Tank: X
Mounting Hardware

Foundation Beolts - Anchors, X
Bolts, Mis~. Hardware

Special Tools - Asst.
Cngine Assembly Tools

Pyrometer Conduit Assenbly:
Conduit

Pyrometer Conduit Assembly:
Conduit Fittings

Pyrometer Conduit Assembly:
Supports

>

Pyrometer Conduit Assembly:
Thermocouples

Pyrometer Conduit Assenbly:
Gasxzets

Generator X

Generator: X
Generator Control

Generator: X
Shaft & Bearings

Engine & Aux. Module X
Wiring Material:
Conduit & Fittings

Engine & Aux. Module X
Wiring Material:
Wiring & Terminations

Engine & Aux. Module
Wiring Material:
Boxes & Terminals

Engine Alarm Sensors - X
Temperature & Level
Switches

Quality-Reviewv
Reguired

Page 10

Review
Reguired



Page 11
componar * Component Design-Review Quality-Review No

Nunmber sescxiption Reguired Reguired Review
Required
03-635A I'gine Shut Down X X
Equipment: Tubiag «
Fittings
03-6958B Engine 3hu. Down X A

Equipment: Valves,
Regulator, Orifices

03-695C Engine Shut Down X X
Egquipment: Trip
Switches
03-715.. Sub Base: Engine < X
Generator
03-715B Sub Bzse: Bolting X X
03-717A Aux. Sub 3ase & 0il X
& Water Piping: Aux.
Sub Base
02-7178 Aux. Sub Base & 0il -

& Water Piping:
Jacket Water - Valves

03-7172 }? . Sub Base & 0il X
& “&ter Piping:
Jacket Water - Actuator

()

03-7170 Aux. Sub Base & 0il X X
& Water Piping: Jacket
Water - Pipe, Coupling,
Fittings, Orifices, &
Strainers

03-717F Aux. Sub Tase & 0il X
& Water Piping: Jacket
Water - Gaskets & Bolting

03-717G Aux. Sub Base & 0il X X
& Water Piping: Jacket
Water - Supports

03-71.78 Aux. Sub Base & 0il X X
& Water Piping: Lube 0il -
Pipe & Fittings

03-7171 Aux. Sub Base & 0il X X

& Water Pipinc: Lube 0il -
Valves




Coaponent
Number

03-7173

03-717K

U3-717L

03-7..M

03-717N

03-7170

03-717P

03-800a
03-800B
03-800C

03-8000

03-800E

03-8B00F

03-835a

03-8358

Pace 12

Cumponent Cesign-Review Quality~-Review No
Description Reguired Reguired Review

Reguires
Aux. Sub Base & 0il X X

& Water Piping: Lube 0il -
Gaskets & Bolting

Aux. Sub Base & 0il X X
& Water Piping: Lube 0il -
Supperts & Mounting Hardware

Aux. Sub Base & 0Oil “ X
& Water Piping: Lube 0il -
Switch Over Assy.

Aux. Sub Base & 0il
& Water Piping: Fuel 0il:
Pipe & Fittings

Aux. Sub Base & 0il
& Water Piping: Fuel 0il:
Valves

Aux. Sub Base & 0il
& Water Piping: Fuel 0il:
Gaskets & 8clting

Aux. Sub Base & Cil
& Water Piping: Fuel 0il:
Supports

Misc. Eguipment: Heater,
Jacketr Water

Misc. Egquipment: Feater,
Lube Oil Sump Tank

Misc. Tguipment: Air
Sta.ter Tank Relief Valves

Misc. Equipment:
Electrolytir Conductivity
Cell

Misc. Equipment:
Electreolytic Conductivity
Monitor

Misc. Eguipment:
Relief Valve - Booster
Pump

Misc. Eguipment:
After Cooler Support

Misc. Eguipment:
After Cooler

Lo ol laa o _ole Bl o L o e o L. ssd e o sl acEaaiees - Lol e oo



i Component
! Number

03-8.5C
04-000

10-10C
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