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I. Introduction of Witnesses

e Flease state your names, employers and business ad-
dresses.
A. (Harris) My name is Dr. David ©O. Harris. I am em-

ployed by Failure Analysis Associates (FaAA), 2225 East
Bayshore Road, Palo Alto, California 94303.

(Johnson) My name is Dr. Duane P. Johnson. I am
also employed by FaAA, 2225 East Bayshore Road, Palo Alto,
California 94303

(McCarthy) My name is Dr. Roger L. McCarthy. I am
President of FaAA, 2225 East Bayshore Road, Palo Alto,
California 94303.



(Pischinger) My name is Dr. Franz F. Pischinger. I
am President of FEV (Research Society for Energy, Technology
and Internal Combustion Engines) and full professor at the Uni-
versity of Aachen, Institute of Applied Thermodynamics. My ad-
dress is Erkfeld 4, Aachen, West Germany.

(Seaman) My name is Craig K. Seaman. I am employed
by Long Island Lighting Company (LILCO), North Country Road,
Wading River, New York 11792.

(Swanger) My name is Dr. Lee A. Swanger. I am also
employed by FaAA, 2225 East Bayshore Road, Palo Alto,
California 94303.

(Youngling) My name is Edward J. Youngling. I am

also employed by LILCO, North Country Road, Wading River, New
York 11792.

25 Please state your responsibilities in your current
employment relevant to the AE pistons at Shoreham and your edu-
cational anu professional bazkgrounds.

A. (Harris) I am a Managing Engineer and manager of the
fracture mechanics section of FaAA. I am responsible for the
stress analysis and fracture mechanics analysis of various me-
chanical components. I am the principal investigator in a num-
ber of fracture mechanics contracts in which FaAA is involved,
including one analysis of cracking in nuclear reactor piping
that is being funded by the Nuclear Regulatory Commission.

FaAA has also recently begun work on development of a computer



code for NASA that will predict crack growth under a very wide
variety of conditions. I have been involved in fracture me-
chanics analysis of crack growth for many years and, as can be
seen from my resume (Attachment 1), have numerous technical
publications in this area. I am the task leader for pistons
for the TDI Owners Group. I am responsible for the stress and
fracture mechanics of TDI pistons. My educational and profes=-
sional backgrounds are detailed in my resume, Attachment 1 to
this testimony.

(Johnson) 1 am nondestructive testing manager for
FaAA responsible for all of its nondestructive testing. I am a
qualified Level III inspector in eddy current and ultrasonic
test methods. I supervised the eddy-current inspections of the
AE pistons at TDI before shipment to LILCO and the inspectiocons
of the AE piston skirts after operation. My educational and
professional backgrounds are detailed in my resume, Attachment
2 to this testimony.

(McCarthy) I am a registered professional engineer
specializing in mechanical design. I am principal design engi=-
neer at FaAA. I have five degrees, culminating in a Ph.D. in
Mechanical Engineering from MIT. My specialization and Ph.D.
thesis was in mechanical and thermal design. My role in the
piston program was to personally inspect various piston types
at FaAA. I had executive oversight responsibility for FaAA's

performance and performed final technical review of all the




reports. I have ultimate management responsibility for the

guality and caliber of FaAA's technical product My education-
al and professional backgrounds are detailed in my resume, At-
tachment 3 tco this testimony.

(Pischinger) I am familiar with the design, function
and operation of pistons as a result of 26 years of experience
in diesel engine design and testing. Specifically, FEV re-
viewed the pistons, cylinder liners and piston rings in the
EDGs at Shoreham as a part of Phase II of the TDI Owners Group
Design Review Quality Revalidation (DRQR) program. My educa-
tional and professional backgrounds are detailed in my resume,
Attachment 4 to this testimony.

(Seaman) I am the Project Engineer with the Shoreham
Nuclear Power Station. As Program Manager for the TDI Cwners
Group Program my responsibilities for the AE pistons included:
review and approval of the quality revalidation task descrip-
tions and Phase I and Phase Il reports; review of component (AE
piston) reports both for Phase I and Phase II reports; chairing
the Component Selection Committee charged with the responsibil-
ity for selecting the pistons for inclusion into the DRQR Fro=-
gram and establishing minimum review requirements; and managing
the overall program which included the design review and in-
spections on tne AE pistons. My educational and professional

backgrounds are detailed in my resume, Attachment 5 to this

testimony.



(Swanger) I am a Managing Engineer for FaAA spe-

cializing in materials science. My responsibilities in re-
viewing the AE piston skirts included, to some extent, evalua-
tion of metallurgical aspects, evaluation of manufacturing
techniques, assessment of interaction with other components,
specifically piston rings, cylinder liners, piston pin and pis-
ton pin bushing and the influence of diesel engine operation on
the pistons. My educational and professional backgrounds are
detailed in my resume, Attachment 6 to this testimony.
(Youngling) I am Manager of the Nuclear Engineering
Department for LILCO. Since May 1984, I have held the position
of Manager of the Nuclear Engineering Department reporting to
“he Vice President, Nuclear Operations. In this capacity, I am
responsible for engineering support of the Shoreham station,
including the three TDI Emergency Diesel Generators. From 1981
through 1984 as Startup Manager, I was responsible for imple=-
mcating the preoperational test program for the Shoreham sta-
tion. In particular, I was responsible for implementing ini-
tial operation and check out and subsequent preocperational
testing of the TDI diesel generators. After the failure of the
EDG 102 crankshaft, I was designated as the Recovery Manager
for the repair and requalification of the diesel generators. My
educational and professional backgrounds are detailed in my

resume, Attachment 7 to this testimony.



- N What issues have you been asked to address in your
testimony?
A. (Harris, Johnson, McCarthy, Pischinger, Seaman,

Swanger, Youngling) We have been asked to address the specific
contentions admitted by the Board's July 17, 1984 Memorandum
and Order regarding the AE piston skirts on the emergency die-

sel generators (EDGs) at Shoreham Nuclear Power Station

(Shoreham) :

All AF piston skirts in the EDGs were replaced
with TDI model AE piston skirts. The replace-
ment AE pistons are of inadequate design and
manufacturing quality to satisfactorily with-
stand operating conditions, because:

(a) the FaAA report conclusion that
cracks may occur but will not propagate im-
properly depends on a fracture mechanics anal-
ysis of an ideal situation which is not valid
for the actual conditions which may be experi-
enced by the Shoreham diesels,

(b) excessive side thrust load, which
could lead to catastrophic failure, has not
been considered adequately, and

(c) the analysis does not adequately con-
sider that the tin-plated design of the pis-
tons could lead to scoring causing excessive
gas blow-by, and thereby causing a failure of
proper operation.

Our testimony, in summary, is that:

(1) The FaAA conclusion that cracks may or
may not initiate in the AE piston
skirts, but if initiated, will not
grow, is based on crack initiation and
growth analyses considering the impor-
tant loads and displacements reflected
in the actual operating conditions to
be experienced by the Shoreham EDGs.



(2) Actual operating experience shows no
relevant indications in AE piston
skirts.

(3) The side thrust load on the AE piston

skirts is

not excessive. Side thrust

load is not a design or operation
problem with the AE piston skirt.

(4) The tin-plated design of the AE piston
skirt is intended to act as a protec-
tive covering for the piston skirt and
is not the source of any excessive
scuffing that could lead to failure.
No known failures of pistons have been

caused by

4. Are you familiar

tin plating.

with the testimony filed by the County

nn July 31, 1984 in support of its contentions regarding the
pistons in this proceeding?

A. (Harris, Johnson, McCarthy, Pischinger, Seaman,

Swanger, Youngling) Yes.

II. Background

5. Before proceeding to the specific points to be dis-

cussed in your testimony,

please describe the AE piston skirts.

A. (Harris, Swanger, Youngling) Exhibit P-1 is a photo-

graph of an AE piston skirt. The skirt is a cylindrical cast-

ing manufactured of 100-70-03 grade ASTM A536 ductile iron.

The piston skirt fits within the cylinder and transmits the

loads resulting from the
wrist pin and connecting
duce torgue to drive the
tween the crankshaft and

the wrist pin (connected

combustion cycle of the EDG to the
rod, thereby exerting loads that pro-
crankshaft. The mechanical link be-
the piston are the connecting rod and

to the piston skirt).
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were measured during reassembly and were determined to be with-

in the 0.007 and 0.011 inch range. Docume.tation of those mea-

surements is included in Exhibit P-4.

» 4 Please describe the critical stresses on the piston
skirts.
A. (Harris, McCarthy, Swanger) The pistons experience

1.35 million cycles of stress every 100 hours of engine op-
eration. Therefore, cyclic stress levels that may produce
crack initiation under high cycle fatigue conditions are of
primary concern in evaluating a piston's ability to withstand
operating stresses. T!.: fatigue failure of metals, which in-
volves the initiation of cracks, has been experimentally ob-
served to occur as the result of repeated cycling between dif-
ferent stress levels. Therefore, the maximum and minimum

stresses during a stress cycle are of primary interest in a fa-

tigue analysis.

8. Please describe the factors that determine the minimum
and maximum stresses in the Shoreham piston skirts.

A. (Harris, McCarthy, Swanger) Stresses in pistons are
produced by various loads. The loading on the piston consists
of pressure in the combustion chamber, friction and inertia.
The largest loads that the piston sees occur at the top and
bottom dead center. At top dead center and bottom dead center

there is no relative motion between the piston and cylinder



-10-

liner. Frictional forces are very small at these posi*ions,
and frictional loads are, therefore, not considered in analyz-
ing minimum and maximum stresses. The minimum stress (largest
negative or compressive stress) in the skirt is caused by the
firing pressure, which occurs close to top dead center of the
power stroke. The maximum stress (largest positive or tensile
stress) occurs due to inertia at top dead center of the exhaust
stroke. The stresses due to inertia at top dead center of the
exhaust stroke are insignificant in the analysis of crack
initiation, but do serve to define the opposite end of the
stress cycle, i.e., the maximum stresses. Other factors such
as thermal distortion, gap size and inertia loading also influ-
ence the minimum stress. The most influential factor, however,
is the peak firing pressure. Gap size, thermal distortion,
stud pre-load and the influence of these parameters on the pos-
sibility of momentary lift-off of the crown from the skirt are

also other factors influencing the maximum stress, but the most
influential factor is the inertia loading.

9. How did FaAA determine that peak firing pressure oc-
curred at top dead center of the power stroke?

A. (Harris, Swanger) FaAA developed a pressure/crank
angie diagram that shows the firing pressare for various crank
angles. The largest firing pressure occurs close to top dead
center of the power stroke, which corresponds to zero degree of

crank angle. Exhibit P-5 is a copy of the pressure/crank angle

diagram.



10. How was it determined that the maximum inertia load-
ing on the piston occurs at the top dead center position?

necting rod, and crankshaft assembly revealed that the maximun
piston acceleration occurs at the top dead center position.

The top dead center position a® exhaust is of primary interest

|
A. (Harris) A kinematic analysis of the piston, con=-

only because this is one of the loadings that influences the

cyclic stresses.

AE design piston skirts?

A. (Seaman, Youngling) In November 1983, LILCO replaced
the AF skirts with the AE skirts. At that time, the Owners
Group analysis of the AF piston skirt to determine the possible
extent of crack propagation which could result from continued
operation had not been performed. Although cracking had been
observed in the AF skirts, no failures had been experienced in
the Shoreham type AF skirts in nuclear operation. LILCO, how-
ever, in consideration of its engine rebuild schedule and the
time required to complete the AF analysis, decided to replace
the AF skirts with the improved AE design. The analysis (which
was completed later) verified through optical metallography,
scanning electron microscopy and fracture mechanics analysis

11. Why did LILCO replace the AF design piston skirts with
|
that the cracks in the AF skirt had arrested. |

12. What are the major differences in the design between
the AE piston skirt now in the EDGs at Shoreham and the AF de-
sign originally in place at Shoreham?



A. (Harris, Seaman, Swanger) The major differences be-
tween the AF and AE cd:signs are in the boss regions through
which studs extend to attach the crown to the skirt. The stud
attachment bosses are considerably enlarged in the AE design.
The thickness of the material around the stud hole for the AE
design was increased by 82% over the AF design. The extent of
the thickened area around the stud hole was also increased. In
addition to the modifications to enlarge the stud attachment
bosses, the following changes were made:

(1) Thickening of the walls of a cavity that
extends from the top of the wrist pin

boss to the top of the skirt.

(2) Thickening and filling in the material
around the wrist pin hole.

(3) Thickening and tapering of the circumfer-
ential rib that runs between the wrist
pin bosses.

The major differences between the AF and AE designs are shown

on Exhibit P=-6.

13. Did the Owners Group review both the AE and AF piston
skirts?

A. (Harris, McCarthy, Seaman) Yes. Even though the AE
skirts had not demonstrated design or operational problems, the
Owners Group decided to verify that the AE skirt design was, in
fact, an improvement over the AF skirt design. The analyses
showed that cracks in the AE skirt might not even initiate, but

if they did, they would not propagate.
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A. (Harris, McCarthy, Swanger) The County criticized

FaAA's fracture mechanics analysis because it assumed (1) "com=-
plete adherence to TD. drawing dimensions;" (2) AE piston mate-
rial free from imperfections; (3) "a non-corrosive operating
environment free of gasses, water or vapor;" (4 . —aximum peak
tiring pressure of 1,670 psi; and (5) a uniform skirt tempera-
ture. First, FaAA did not make the assumptions alleged by the

County in (1) and (2). Second, the assumptions in (3) through

(5) are reasonable.

19. Why is the County's allegation wrong that the FaAA

analysis assumed "complete adherence to TDI drawing dimen-
sions?"

A. (Harris, McCarthy, Swanger) FaAA made measurements
from an actual AE piston skirt in addition to reviewing dimen-
sions on TDI drawings. Furthermore, FaAA verified some of the
dimensions used in its analysis with actual field measurements
of AE piston skirts made during the engine rebuild program and

the DRQR program. Representative measurements taken by these

programs are included in Exhibit P-7.

20. Why is the County's allegation incorrect that FaAA

assumed the AE piston material was free from any small imper=-
fections?

A. (Harris, Johnson, McCarthy, Seaman, Swanger) Fracture

mechanics analysis will actually show what level of imperfec-

tion can be tolerated in the material. The FaAA fracture me-

chanics analysis of the AE piston skirt, which will be




discussed in detail below, showed that a crack up to 1/2 inch
deep would not propagate. This also means that cracks would
not grow from any possible initial imperfection under 1/2 inch
in size. In addition, to preclude any significant imperfec-
tions, all AE piston skirts were inspected by ligquid dye
penetrant and eddy-current at the TDI factory in Oakland prior
to shipment to LILCO. TDI performed the ligquid dye penetrant
inspections which were witnessed by LILCO and Stonu & Webster.
FaAA perfc.med the eddy-current testing. Piston skirts were
rejected, prior to shipment to Shoreham, for any linear indica=-
tions for which the liguid dye penetrant exceeded 1/32 inch in
length. Exhibit P-8 includes documentation regarding the lig-
uid dye penetrant testing, the certificates of compliance and
the receipt inspections for the AE£ piston skirts at Shoreham.

21. Did FaAA consider the effect of corrosion in the op-
erating environment in its fracture mechanics analysis?

A. (Ekarris, McCarthy, Swanger) Yes, and FaAA concluded
that the environmental conditions inside the crankcase are not
expected to have an influence on the crack growth characteris-
tics of the piston skirt material. The vapors present in the
crankcase are not the type that are commonly observed to accel-
erate crack growth. Furthermore, environmental enhancement of
crack growth is not expected at the higher fregquency (225 cy=

cles per minute) experieiced by the Shoreham EDGs.



22. Does LILCO have procedures to control the environ-
mental conditions in the crankcase that might lead to corro-
sion?

A. (Youngling) Yes. LILCO takes routine oil samples
from the Shoreham EDGs to check for any acidity and moisture.

23. Did the AF piston skirts in the Shoreham EDGs show

any signs of corrosion?

A. (Youngling) No. After 600-800 hours of operation,

the AF piston skirts in the EDGs at Shoreham showed no signs of

corrosion.

24. 1Is 1,670 psig a reasonable representation of the peak
firing pressures actually experienced by the Shoreham EDG's?

A. (Harris, Youngling) Yes. The 1,670 psig peak firing
pressure is reasonable based on independent FaAA and Stone &
Webster measurements, TDI factory tests and the preoperational
qualification test procedures.

25. Please des-ribe the FaAA and Stone & Webster measure-
ments of the peak firing pressures.

A, (Swanger) FaAA and Stone & Webster conducted a joeint
test to measure the pressure versus crank angle relationship
which included measuring the peak firing pressure. A
piezo-electric transducer was used directly to measure the
pressure inside the combustion chamber. The angle of the
crankshaft was recorded simultaneously on a separate channel of

the instrumentation recording the firing pressures. The posi=-

tion at top dead center was recorded for every revolution.
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pressures was taken at each of the eight cylinders using a

Kiene gage. Exhibit P-9 includes the peak firing pressures
measured before and after the crankshaft replacement. Exhibit
P-2 u4ulso includes an example of the preoperational test proce-
dures. These recorded data indicate a range of average firing
pressures between 1,522.5 psig and 1,671 psig.

28. Did the FaAA analysis consider peak firing pressure
under overload conditions?

A. (Harris, Swanger) The static experimental procedures
censidered pressures as high as 2,000 psig, which is well in
excess of reported peak firing pressure. Contrary to the Coun-
ty's understanding, strain gage measurements were not limited
to a maximum of 1,600 psig and strains corresponding up to
2,00V psig were reported on Figures 3-5 through 3-8 of the FaAA
Piston Report. These figures are included in Exhibit P-10. In
its numerical procedures, FaAA did not consider peak firing
pressure at overload because the engine operates a relatively
small amount of time under overlcad conditions and, therefore,
would have little effect on the initiation and growth of
cracks.

Subsequent analyses, using the crown/skirt interaction
model described below, were performed on the cracking behavior
of AE piston skirts subjected to higher hypothesized firing
pressures. It was found that pressures above 2,200 psig are

required before possible initiated cracks could grow.



o21=

Therefore, the conclusion drawn in the initial analysis that
employed a peak firing pressure of 1,670 psig is valid for
pressures up to 2,200 psig, which is well above any reported

peak firing pressures in TDI R-4 engines, even under overload

conditions.

29. Why is it reasonable to assume a uniform skirt tem-
perature?

A. (Harris, McCarthy, Swanger) Temperatures measured by
TDI, and independently verified by FaAA as being reasonable,
indicate temperatures on the bottom of the crown are nearly
constant and equal to about 200° F. This suggests the piston
skirt is nearly isothermal under steady-state operating condi=-

tions where the surrounding cooling water and oil range in tem=-

perature between 190° F and 160° F.

30. How were the temperatures measured by TDI indepen=-
dently verified by FaAA?

A. (Harris, Swanger) TDI measured peak temperatures in
the crown and furnished those temperatures to FaAA in the form
shown on Exhibit ?-11. FaAA made independent calculations
using transient radiative and convective heat transfer analysis
to verify these measurements. The analysis utilized reasonable
values for coolant temperatures, convective heat transfer coef-
ficients and combustion gas temperatures derived from the pres=-

sure/crank angle diagram (Exhibit P-5). Key features of the

calculated temperature field, including peak temperature and
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temperature gradient through the central portion of the crown,
were in agreement with TDI measurements of temperature.

31. Did the FaAA analyses consider the operating condi-
tions experienced by the EDGs at Shorehar?

A. (Harris, McCarthy, Swanger) Yes. FaAA determined
the critical loads and areas to be studied and applied the
analyses and procedures to predict and evaluate the stresses in
these areas. The FaAA analyses contain assumptions that
closely approximate the key factors concerned with the op-
erating conditions at Shoreham relevant to a determination of
cyclic stress levels and cracking behavior. As the procedures
and analyses are described below, it will become clear that the
factors considered produced a realistic evaluation of the

stresses experienced under operating conditions.

B. Experimental Procedures

32. Please describe the experimental! procedures used to
evaluate the maximum and minimum stresses in the stud boss re-
gion of the AE piston skirts.

A. (Harris, Swanger) Foil resistance strain gage ro-
settes were mounted on the piston skirts in several areas
including those of highest stress reflected by the stress coat
test described above. Exhibit P-12 shows the location of the
strain gages. The gages were connec;ed to data acquisition and

recording equipment. An actual cylinder liner was used in the

test with two opposing pistons placed crown-to-crown within the
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liner. The region between the crowns was pressurized with a
hydraulic pump to as high a pressure as 2,000 psig. The pres-
sure load on the instrumented skirt was reacted through the
wrist pin and a short piece of connecting rod to a support
plate. The connecting rod was in a vertical position, thereby
simulating the top dead center position of the piston.

Two separate test series were conducted using this proce=-
dure. One series was conducted with a conventional crown, and
one series was conducted with a crown that was modified to
widen the gap at the outer ring between the crown and the skirt

so that it would not close under the applied maximum pressure

of 2,000 psig.

33. What conclusions did you draw from a comparison of

the experimental results from the conventional and modified
crown?

A. (Harris) A comparison of the strains observed at one
of the stud bosses in the piston shown in Exhibit P=9 indicates
that the crown-skirt gap closes at approximately 1,000 psig and
distributes about 12% of the load at peak firing pressure on
the outer ring. Strain gage measurements at numerous locations
on the AE skirt also shows that the gap closed nearly simulta-
neously around the circumference of the piston, because the in-
flection point in the strain-pressure results always occurred
at about 1,000 psig. This measured information showed gap clo-

sure at pressures below the 1,670 psig peak firing pressure
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measured for Shoreham and showed simultanecus closure around
the ring. These experimentally observed results provided guid-
ance in the construction of the crown/skirt interaction model
discussed below. Exhibit P-13 summarizes the experimental ob-
servations related to the closure of the gap due to pressure

and stress reduction due to gap closure in the AE piston skirt.

34. Under what temperature conditions were the experimen=-
tal procedures performed?

A. (Harris) The experimental procedures were conducted

at room temperature or, in other words, under isothermal condi-

tions.

35. Why was this a reasonable condition when the pistons
do not operate at room temperature?

A. (Harris, McCarthy) Apart from contributing to the
closure of the gap and consequent redistribution of the gas
firing pressure load, temperature gradients play a relatively
minor role in the analysis because they do not contribute to
the cyclic stress range. At operating temperatures, the top of
the crown is hotter than the underside of the crown, thereby
producing thermal distortion that will tend to close the gap.
This results in more load being transmitted through the outer
ring as is seen by the comparison of the modified and normal
crown experimental results. Since the gtress on the stud at-
tachment boss is governed by the load applied to the inner con-

tact ring, thermal distortion reduces the peak stresses due to



firing pressure at the critical point (the stud boss region).
A numerical analysis of thermal distortion of the crown dis-
cussed below confirmed that thermal distortion decreases the
portion of the firing load carried on the inner ring and,

therefore, reduces the cyclic stresses in the stud boss region.

36. What were the results of the experimental testing?

A. (Harris, Swanger) Exhibit P-14 summarizes the strain
readings and calculated stresses for the complete stud boss
gage rosettes. The principal strains and stresses were calcu=-
lated from the rosette strain readings using the conventional

equations for rectangular rosettes specified in Experimental

Stress Analysis and Motion Measurement by R. C. Dove and P. H.

Adams. Exhibit P-14 describes the significant stress value,
the sigma III or the third (algebraic minimum) principal
stress. The fracture initiation analysis showed that the ex-

perimentally derived stress would not cause cracks to initiate.

C. Numerical Procedure

37. Please describe the numerical procedure used to de-

termine the maximum and minimum stresses in the stud boss re-
gion.

A. (Harris, McCarthy) The numerical analysis consisted
of three-dimensional finite element calculations. The finite
element method is an approximate technique to apply the theory

of elasticity to determine how a body will perform in response
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Part 2. Crown/Skirt Interaction Model: The second

part of the finite element analysis provided a means of ac-
counting for thermal distortion, gap closure and possible mo-
mentary lift-off of the crown from the skirt. This part of the
analysis consisted of the following steps:

a. Construction of a crown/skirt interaction
model to provide a means of calculating cyclic
stresses in the stud boss regicn from information on
the crown and skirt stiffnesses. This model consid-
ered the crown and skirt as coupled elastic springs,
whose stiffnesses were evaluated by the finite ele-
ment analyses described in b. below.

b. Evaluation of the stiffnesses used as in-
puts to the crown/skirt interaction model. This pro-

cess involved

. Evaluation of the relevant stiffnesses
of the skirt.

X3, Evaluation of the stiffnesses and
thermal distortion of the crown when subjected
to steady-state operation temperature.

G- Evaluation of the peak stress when momen-
tary lift-off of the crown from the skirt occurs.
The crown/skirt interaction model of Part 2 used the stress in-
formation from Part 1 to provide cyclic stresses under

steady-state operating conditions.



40. What is the major value of the crown/skirt interac-
tior model?

A. (Harris, McCarthy) The major value of the
crown/skirt interaction model is its ability to predict cyclic

stresses in a piston skirt at operating temperatures.

1. 1Isothermal Analysis

41. What boundary conditions were involved in the FaAA
isothermal finite element calculations?

A. (Harris) The fcllowing boundary conditions were as-
sumed:
(1) a rigid wrist pin;
(2) displacement on the inner contact ring
between the skirt and the crown varying
linearly with the radial position at any

value of angular coordinates;

(3) frictionless interface between the top of
the skirt and the crown; and

(4) frictionless interface between the piston
assembly and cylinder wall.

42. Please discuss why the boundary condition of a rigid
wrist pin is reasonable.

A. (Harris, Swanger) A rigid wrist pin exhibits no de-
formation. The wrist pin in actual operation is elastic and,
therefore, exhibits some deformaticn thereby redistributing
stresses in the stud boss area. A rigid wrist pin is actually
conservative in the present case, because it assumes that the

deformation will occur in the pisten and not in the wrist pin.
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44. Please decribe the reasonableness of the assumption
that the displacement on the inner contact ring between the
crown and the skirt varies linearly with the radial position at
any value of the angular coordinate.

A. (Harris) This assumption provides a simplification
of the boundary conditions that is accurate because the approx-
imate 1 inch width of the support ring is small relative to the
17 inch piston diameter. The assumption of linearity provides
a good approximation over such a small distance.

45. Please discuss why the assumption of a frictionless

interface between the piston skirt and crown and the piston as-
sembly and cylinder wall is reasonable.

A. (Harris) The inner contact ring between the crown
and skirt is clean upon assembly of the piston, and the region
is well lubricated during operation of the engine. Therefore,
the assumption of no friction at the crown-skirt interface is
reasonable. Assuming no friction between the piston and cylin-
der wall is also reasonable because the relative velocity be-

tween these two components is very low at the top dead center

position of interest.

46. What other factors were considered in the finite ele-
ment procedure?

A. (Harris) The magnitude of the pressure load (379,000
pounds) created by the peak firing pressure was considered. At
top dead center of the power stroke, this pressure load is
somewhat offset by the inertia load (9,727 pounds), which is

exerted by the crown on the top of the skirt. The inertia
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force, therefore, was subtracted from the magnitude of the gas
pressure load to determine a maximum net force on the top of
the skirt of 369,300 pounds, which corresponds to an effective
pressure of 1,627 psig.

47. What were the major results of of the isothermal fi-

nite element analysis using the boundary conditions described
above?

A. (Harris) The peak stress (sigma III) in the stud
boss region of the AE piston skirt at top dead center of the
power stroke for a rigid wrist pin was calculated to be -68.1
ksi. The corresponding cyclic stress was evaluated by de-
termining the stress at top dead center of the exhaust stroke
and accounting for gap closure during the power stroke. The
stress at top dead center of the exhaust stroke was determined
by multiplying the top dead center power stroke stress value by
the ratio of the inertia load to the pressure-minus-inertia
load. Gap closure was accounted for by multiplying the finite
element stress value by 88% (in accordance with Exhibit P-9).

48. How do the results from the numerical procedures com=-
pare with those from the experimental procedures?

A. (Harris) The cyclic stress levels under isothermal
conditions in the AE piston skirt that were est.wited from the
experimental and numerical results are presented in Exhibit
P-15. As you can see, the numerical values are higher than the

experimental values and, therefore, more conservative.
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52. What were the basic conditions in the crown/skirt in-
teraction model?

A. (Harris) Two basic conditions '~re considered in the

interaction model:

(1) top dead center of the compr :ssion
stroke (or beginning ¢f the power
stroke) where the maximum compressive
stresses in the piston skirt occur;
and

(2) top dead center of the exhaust stroke
where momentary lift-off of the crown
may occur.

Isothermal and steady-state operating temperatures were consid-

ered for both of these load cases.

53. Please describe the boundary conditions employed in

the finite element steps in the crown/skirt interaction analy-
sis of the skirt.

A. (Harris) This aralysis of the skirt utilized the

following three sets of boundary conditions:

(1) Uniform vertical displacement on the
inner crown/skirt contact ring of a
magi itude to react the load corre-

sponding to 1627 psig effective pres-
sure on the crown;

(2) Uniform vertical displacement on the
outer crown/skirt contact ring of a
magnitude to react the load ccrre-
sponding to 1627 psig effective pres=-
sure on the crown; and

(3) A stud load applied on the stud washer
landing area and reacting on the outer
loading ring which is constrained to
have a uniform vertical displacement.

The results of the analyses using boundary conditions (1) and



(2) above provided estimates of the skirt spring constants or
stiffnesses that were required for the crown/skirt interaction
model. Boundary condition (3) provided the stress levels due
to inertia at top dead center of the exhaust stroke appropriate
for crown/skirt lift-off. In the isothermal analysis no lift-
off between the crown and skirt was considered. Therefoie, the
peak stress due to inertia could be obtained from the peak
stress due to firing pre.sure simply by multiplying by the
ratio of the inertia force to the peak pressure-minus-inertia

force (changing the sign to account for the different direction

of the loads).

54. Why is the boundary condition regarding uniform ver-
tical displacement reasonable?

A. (Harris) A uniform vertical displacement boundary
condition is simply a convenience for calculating the
stiffnesses of the skirt, and this assumption is not key to the
FaAA evaluation of stresses. Comparison with finite element
calculations where the displacement was not required to remain
uniform provides similar results. In addition, the experimen-
tal results shown in Exhibit P-10 indicate that gap closure
will occur uniformly around the circumference of the pis-

ton/skirt.

55. In addition to the three sets of boundary conditions,
were any other factors considered in the expanded finite ele~
ment analysis of the skirt?




A. (Harris) There were basically three other factors.
First, a rigid wrist pin was assumed in the first and second
sets of boundary conditions. No wrist pin was utilized for the
third set, i.e., stress when momentary lift-off occurs. Sec-
ond, all of the finite element runs on the skirt models were
performed for uniform temperature, reflecting the true op-
erating condition of the skirt. Third, a stud preload of 6,600
pounds was used based on strain gage measurements obtained by
measuring the strain in a stud when a crown was mounted on a
skirt in accordance with manufacturer's specifications. This
measurement was made by FaAA using strain gages.

56. Please describe the finite element analysis of the

crown performed as a portion of the development of the
crown/skirt interaction model.

A. (Harris) Three parameters related to the crown were
of interest in the crown/skirt interaction model. These were
the stiffness of the crown when subjected to pressure on the
combustion side, stiffness of the crown when subjected to a
load on the outer contact ring and thermal distortion of the
crown when subjected to steady-state operating temperature.
The stiffnesses of the crown were evaluated by finite elements
by subjecting the crown to the load of inteyrest (pressure or
load on the outer ring) and calculating the resulting movement
of the outer contact ring relative to the inner contact ring.

The stiffness (or spring constant) is then equal to the load

divided by the corresponding dicplacement.






(less compressive) without a corresponding increase in the max-
imum stress. Therefore, the cyclic stresses are actually
largest under isothermal conditions.

59. How do the gap closure pressures and load splits

evaluated for the crown/skirt interaction model compare to

those observed experimentally as a result of the strain gage
measurements?

A. (Harris) The gap closure pressure and load split be-
tween the rings were calculated from the crown/skirt interac-
tion results by an equation that assumes the peak stress is
governed by the load on the inner ring. Exhibit P-18 shows
that this assumption is a good approximation because the
stresses for a given load that are applied by a uniform dis-
placement on the inner ring are much higher than the corre=-
sponding values for the loading on the outer ring. Exhibit
P-19 summarizes the calculated gap closure pressure and load
split at nominal, minimum and maximum values ir comparison to
the experimental observations. The nominal, minimum, and maxi-
mum values in the column of experimental results provide the
range of values actually observed. The corresponding values in
the column of calculated values were calculated using the nomi=-
nal, minimum, and maximum values of the initial gap. The com-
parison between the experimental and numerical results can also
be made by estimating skirt stiffness from experimentally ob-
served load splits and gap closure pressures by using equations

developed for the crown/skirt interaction model. Exhibit P=20



compares the results of the estimated skirt stiffness from ex-

perimentally observed results with the finite element
stiffnesses. Experimental values of the outer skirt stiffness
are generally lower than the numerical value. Overall, the
agreement between the experimental and numerical sets of data

are quite good, which verifies the validity of the crown/skirt

interaction model.

0. How do the different sets of stiffnesses affect the
important results drawn from the crown/skirt interaction model?

A. (Harris) The calculated cyclic stresses, which are
the most important results of the crown/skirt interaction
model, are not strongly dependent on the values of the skirt
stiffnesses. This can be seen from Exhibit P-17 which presents
calculated cyclic stresses in the stud boss region for various
initial gap sizes and loading conditions that were calculated
using different sets of skirt stiffnesses. For a given gap and
loading condition, the cyclic streéses are nearly the same for

each of the sets of stiffnesses.

D. Fatigue Crack Initiation Analysis

61. What was the next step in the evaluation of the in-

tegrity of the piston once the cyclic stresses had been de-
fined?

A. (Harris, McCarthy) The next step was to determine if
cracks can initiate when the material is subjected to these

cyclic stresses,



62. Please describe the analysis you performed to deter-
mine whether cracks would initiate in the AE piston skirts.

A. (Harris, McCarthy) As noted, the pistons experienced
1.35 million stress cycles every 100 hours of operation.
Therefore, crack initiation under high cycle fatigue conditions
is the main consideration. The fatigue property called the en=-
durance limit of the material is of primary interest. The Iron

Castings Handbook, edited by C. F. Walton and T. J. Omyer, in-

dicates that the endurance limit of ductile cast iron with the
properties of the 1C0-70-03 material used in the AE piston
skirt is conservatively 30 ksi. Comparison of this fatigue
property of the skirt material with the cyclic stresses evalu-
ated from experimental measurements and finite element calcula-

tions allowed us to predict whether cracks would or would not

initiate.

63. Please explain the procedure you followed to predict
crack initiation behavior.

A. (Harris, McCarthy) The endurance limit of a material
is directly applicable to the case where the mean stress is
zero and the stress system is uniaxial. In order to perform
the analysis on the AE piston skirt, procedures to account for
a non-zero mean stress were employed. Non-zero mean stress was
treated in the standard manner using a modified Goodman dia-
gram. The Goodman diagram is the means by which the allowable

cyclic stress for infinite life (or no crack initiation) ior a
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given mean stress can be plotted. These conditions are summa~
rized in Exhibit P-21. The results in Exhibit P-21 are for
uniaxial stress, and are directly applicable to the current
problem because the experimental results discussed above show
that stresses are nearly uniaxial in the highly stressed region
of the stud boss area. The crack initiation criterion was used
in combination with the cyclic streesses shown on Exhibit P=-17
to evaluate the possibility of crack initiation for various gap
sizes. The mean stress and stress amplitude for a given condi-
tion were plotted on a figure such as the one shown in Exhibit
P-21. If the plotted point falls inside the solid lines
(stress envelope) then crack initiation will not occur. An en=-
durance limit of 30 ksi was used, and a modified Goodman dia-
gram was used to adapt this endurance limit for cases other
than zero mean stress. This same procedure was utilized in
evaluating crack initiation from the experimental measurements
and finite element results from bcth the isothermal and

crown/skirt interaction calculations.

64. Please describe the modified Goodman diagram?

A. (Harris, McCarthy) The modified Goodman diagram is a

plot defining the relationship of mean stress and cyclic stress

for an infinite life. It is primarily based on experimental

observa.ions of the failure of fatigue specimens that were sube-

jected to a given cyclic and mean stress. A considerable
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amount of experimental data has been generated over the last
several decades that provides the basis for using the modified
Goodman diagram for aralysis of fatigue with non-zero mean
stress. In developing the modified Goodman diagram, failure
(or crack initiation) was considered to occur if the material
permanently deforms (plastically deforms or yields) as opposed
to actually breaking.

65. Please describe the results of the fatigue analysis
using the stresses evaluated from the experimental measurements
and the isothermal finite element calculations.

A. (Harris) Exhibit P-22 is a plot of the allowable
stress envelope for infinite life with the stresses at various
gap sizes indicated. The stresses for isothermal conditions
are shown. Exhibit P-22 shows that cracks are predicted not to
initiate in AE skirts under cyclic stresses corresponding to
the experimental results for any gap size and that cracks may
or may not initiate under cyclic stresses corresponding to the
finite element results depending on the yield strengths and gap
size. The modified Goodman diagram is drawn for the range of
values of yield strength from 63.5 to 70.5 ksi that bound the
results of measurements of the yield strength of material taken
from an AE skirt drawn from the lot of skirts now in use at

Shoreham.

66. Did the results of the fatigue analysis using the
stresses evaluated from the crown/skirt interaction model con-
firm that isothermal conditions are more severe than
steady-state operating conditions?



A. (Harris) Yes. Exhibit P-23 shows the results for

0.007 and 0.011 inch initial gaps for isothermal and steady-
state temperature distribution conditions. The results on Ex-
hibit P-23 show that conditions for crack initiation are more
severe under isothermal conditions. Therefore, cracks are more
likely to initiate under isothermal than steady-state condi=-
tions. Exhibit P-23 also shows that cracks might initiate in
the AE skirts under certain conditions, such as under iso-
thermal conditions with a 0.011 inch gap in a piston of rela-
tively low yield strength. A smaller initial gap is beneficial
in reducing the cyclic stress under isothermal conditions, but
contributes to the possibility of momentary crown lift-off.
Such lift-off is not detrimental, however, because it does not
have an adverse influence on the operation of the AE piston
skirt at Shoreham and does not increase the cyclic stress.

67. Do the results of the finite element analyses showing
that isothermal conditions are more severe than steady-state

operating conditions support a conclusion that the experimental
results are applicable to operating temperature conditions?

A. (Harris) Yes. The overall conclusion based on the
experimental measurements is that cracks will not initiate in
the stud boss region of the AE piston skirt. The fact that the
crown/skirt interaction model predicted lower cyclic stresses
under steady-state temperatures supports a conclusion that the

experimental results showing no cracks under isothermal condi=-

tions also applies to operating temperature conditions.



E. Fatigue Crack Crowth Analysis

68. Does the initiation of a crack mean that the piston
will eventually fail?

A. (Harris, McCarthy, Swanger) No. The initiated crack
may or may not grow. Even if it does grow, it may do so only
for awhile and then arrest before growing to the point where
the piston would fail. Fracture mechanics analysis is commonly
employed to make tl.is determination. Fracture mechanics is the
body of engineer.ng knowledge that is applicable to the analy-

sis of the growth and stability of cracks in solids.

69. What is the purpose of fracture mechanics analysis?

A. (Harris, McCarthy) Modern design analysis is able to
insure the safe operation of such structures as aircraft,
spacecraft, pipelines and turbines, etc. through the applica=-
tion of engineering fracture mechanics. It is now common to
design and operate critical structural components in such a
manner that the initial presence of crack-like defects is as-
sumed, and the possible growth of the defects due to fatigue is
calculated. For example, even the highly-stressed rotating
parts of military aircraft gas turbine engines are designed as-
suming the presence of small cracks that grow in fatigue. In
fact, the United States Air Force has a formal procedure that

expressly requires the manufacturer to adopt this design ap-

proach. Many other structures, i.e., civil, mechanical and
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73. Please describe the fatigue crack growth characteris-
tics used in this analysis.

A. (Harris) For a given material operatiny in a given
environment, the rate at which a fatigue crack will grow is de-
pendent mainly on the cyclic value of the stress intensity fac-
tor (Delta K = Kmax -~ Kmin). Other factors, such as the mean
value of the stress intensity factor (represented as R =
Kmin/Kmax) also influence, to a lesser degree, the rate at
which a fatigue crack grows. The threshold cyclic stress in-
tensity factor below which cracks will not propagate is ex-
pressed as Delta Kth., The Delta Kth of a particular material
is a function of the R-value. The Foreman relation for crack
growth (which is a widely used relationship in fracture mechan-
ics analysis) was combined with the treatment of the influence

of the R-value on Delta Kth from Metallurgical Transactions by

A. Yuen, S. {. Hopkins, G. R. Leverante and C. A. Rau, to de~-
termine the influence of R on Delta Kth., Cracks are considered
not to propagate for a given Delta K and R if Delta K is less
than the Delta Kth at the given R-value.

74. Please describe the procedures used to perform the
fracture mechanics analysis.

A. (Harris) The fracture mechanics properties described
above and the calculated stress intensity factors from the fi-
nite element stresses were used in this analysis. The finite

element results represented elastically calculated stresses.
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76. Did the fracture mechanics calculations show that the

cracks that could possibly initiate in the AE piston skirts
would not grow?

A. (Harris) Yes. For the AE skirt, the fracture me-
chanics calculations revealed that the Delta K and R values for
all crack depths do not exceed the threshold conditions.
Therefcore, the cracks in the AE skirt that were predicted
possibly to initiate based on the conservative finite element
results were shown not to grow under isothermal or steady-state
conditions. Exhibit P-25 shows the representative values of R
and Delta K for various hypothesized crack depths for an AE
piston skirt with a 0.007 inch gap operating under steady-state
temperature conditions. This is the most severe condition from
a crack propagation standpoint. Exhibit P-25 also shows the
corresponding threshold condition for crack growth. It is seen
that the operating conditions are always below the threshold
condition. Therefore, any cracks that may initiate will never
grow, even if they were as deep as 1/2 inch. Furthermore, con-
trary to the Count''s erroneous hypothesis, any imperfections
introduced during fabrication of the piston also would not
grow, even if they were as deep as 1/2 inch.

77. Do you consider your analytical results to reflect

the possibility of crack growth under actual operating condi-
tions?

A. (Harris, McCarthy, Swanger) Yes. The stresses upon
which the fracture mechanics analysis was based considered the

major loads and displacements actually influencing the piston







Inspections using eddy-current and liquid dye penetrant were

performed on a total of fourteen skirts including ten AE piston
skirts from the Shoreham EDGs and four AE piston skirts at two

non-nuclear installations.

80. What was the significance of these inspections?

A. (Harris, McCarthy) Each inspection added an addi-
tional piece of information that the AE piston skirts are suce
cessfully operating without developing cracks. These inspec=-
tions are merely data points and are not used to prove, but do
serve to confirm, the validity of the fatigue crack initiation
or fracture mechanics analyses. Conclusions from these analy-

ses stand on their own.

81. What is a liquid dye penetrant inspection?

A. (Johnson, Swanger) Liquid dye penetrant inspection
is a method of nondestructive testing used to detect and indi-
cate discontinuities that are open to the surface. It can be
used for the inspection of most structural materials. Examina-
tion by liquid penetrant testing is accomplished in five basic
steps:

1) Precleaning. Each item to be inspected must have
contaminants, such as dirt and oil, removed form the surface to

be inspected.



2) Applying the penetrant which is colored red for high
visibility.

3) Removing the penetrant quickly after it is set.
Penetrant will be left within the discontinuities for lack of
time to escape.

4) Applying the developer. As the penetrant is pulled
into the developer an indication appears.

5) Visual examination and interpretation. Qualified in-
spectors can tell whether an indication is from a crack,
lamination, lack of fusion, porosity, etc.

This test method is sensitive to imperfections such as
cracks, shrinkage cracks, surface porosity, cold shuts,
grinding and heat-treat cracks, seams, forging laps and bursts,

cold lap, lack of fusion, etc.

82. What is an eddy-current inspection?

A. (Johnson, Swanger) Eddy-current tests are high-
resolution NDE procedures that were used on the AE piston to
determine if a liquid dye penetrant indication corresponded to
a significant size crack-like defect or not. FaAA used its
Procedure NDE 11.5, Rev. 0 in its inspection of the EDG 102
pistons and NDE 11.5, Rev. 1 in its inspections of the EDG 101
and 103 pistons. Because of the purpose of eddy-current tests,
its use was limited to portions of the skirt where liquid dye

penetrant had revealed an indication that needed further
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for piston skirt inspection per NDE 11.5, Rev. 1 is 1/16 inch

in length by 1/32 inch in depth. At the rejection level of
fifty percent of the signal from the standard specified in Rev.
1, subcritical defects (1/2 inch deep by 1 inch long) are easi=-
ly detected. The Rev. 0 inspection was approximately a factor
of two more sensitive than the Rev. 1 inspections.

85. Please describe the inspections of the ten AE piston
skirts from Shoreham.

A. (Johason, Seaman, Youngling) After 300 hours total
operation, including 100 hours at 100% load, liquid dye
penetrant and eddy-current inspections were conducted of th~
stud boss region of AE piston skirts from EDGs 101, 102 and
103. LILCO and Stone and Webster performed the liquid dye
penetrant test at the stud boss attachment areas for all three
engines utilizing approved LILCO procedures. The results of
those inspections are included in Exhibit P-26. FaAA conducted
the eddy-current inspections which were observed by representa-
tives from LILCO. The results of these inspections for all
three engines and the FaAA eddy-current procedures are included

in Exhibit P-27. The inspections revealed no relevant indica-

tions.

86. Describe the characterization of a nonrelevant indi-
cation.
A. (Harris, Johnson, McCarthy) It is important to re-

member that some surface liquid dye penetrant indications are



common in all iron castings. They can result from superficial

features such as tool marks, pits, inclusions and other irregu-
larities in the surface cf the casting. These indications do
not have any effect on fatigue behavior of an AE piston at
Shoreham due to their bluntness and/or small depth.

87. Why are inspection results after 100 hours at 100%

load meaningful in assessing the reliability of the AE piston
skirts?

A. (Haivris, McCarthy, Swanger) Each AE piston skirt ine-
corporatees 8 individual highly-stressed fillets in the inter-
sections of the four stud attachment bosses with the wrist pin
bosses. There are, as in all cast articles, minor variations
in material composition, dimensions and physical properties as
well as minor differences in stresses that result from the ex-
pected variations in temperature and pressure in the cylinders,
stud preload and machining tolerances. Thus the 192
highly-stressed areas (24 piston skirts x 8 boss fillets) in
the 3 Shoreham EDGs represent a population of similar fatigue
samples with a distribution of endurance limits, i.e., stress
levels below which the samples exhibit infinite fatigue life-
time. Conventionally, the endurance limit is accepted to be
the stress level corresponding to 10 million stress reversals.

Information contained in the Iron Castings Handbook, by Walton

and Olpar, 1981, (p. 341) (Exhibit P-29) shows that the cyclic

stress for cracking in 10 million cycles is 93% of the cyclic
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stress for cracking in 1.35 million cycles. Scatter of 7% on
stress is commonly observed in fatigue data. Therefove, it is
likely that cracking indications would be observed in the popu-
lation of inspected stud bosses if they had been operated for
1.35 million cycles at stresse. above the endurance limit.

88. Please describe the inspections performed on the AE
pistons in non-nuclear operation.

A. (Johnson) FaAA inspected two AE skirts from a RV=-16-
4 engine at Kodiak Electric Association in Alaska. This engine
had experienced over 6,000 hours of service at an average peak
firing pressure reported by the utility to be approximately
1,200 psi. FaAA also inspected two AE piston skirts from the
TDI R-5 prototype engine after approximately 622 hours of op-
eration at 2,000 psi. Neither the Kodiak nor the R-5 prototype
engine inspections revealed any relevant indications. These
inspecticn reports are included in Exhibit P=29.

89. Are the AE pistons in the TDI R-5 engine signifi=-
cantly different from those in the EDG's at Shoreham?

A. (Harris, Johnson, Swanger) No. There are variations
reflecting design evolution between the R-5 AE piston skirts
and the Shoreham piston skirts. These variations involve an
area that is irrelevant to the analysis of crack initiation in
the stud boss region. The County specifically stressed the
fact that the R-5 engine has an operating speed of 514 RPM

while the operating speed of the Shoreham EDG's is 450 RPM.
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V. Side Thrust Load
Is Not A Design Or Operation
Problem With The AE Pistons At Shoreham.

A. Shoreham AE Piston Skirt

91. Please describe side thrust load.

A. (Pischinger, Swanger) All piston engines generate a
side thrust load between the piston and the cylinder as the re-
sult of the balance of forces between the piston, the con-
necting rod and the cylinder wall. During the power stroke, as
the piston descends in the cylinder from the top dead center
position, the mction of the connecting rod causes it to assume
an increasing angle greater than zero degrees with respect to
the axis of the cylinder. The longitudinal force in the con-
necting rod is resolved into axial and transverse components in
the piston. The axial component is generated by the net pres~
sure force acting on the piston. The transverse component is
the geometric result and is manifested as a force between the
piston and tiae cylinder wall. This latter force, which varies
with cylinder gas pressure, speed of the engine and the crank-
shaft angle, is the piston side thrust.

92. Is side thrust load a significant consideration in
the design of a diesel engine?

A. (Pischinger) No. In current diesel engine design,
side thrust, much less the excessive side thrust alleged by the

County, is simply not a consideration. Proper lubrication
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incorporated in the piston design makes side thrust load a
nonissue. With adequate lubrication, the consequences of side
thrust load will never reach the level described by the County.
Pistons, including the AE pistcns, are designed to lubricate
the skirt to reduce friction. Exhibit P-30 details the lubri=-
cation system on the Shoreham EDGs.

93. Will side thrust load dramatically increase the tem-
perature on one side of the piston?

A. (Pischinger, Swanger) With an adequately lubricated
piston, side thrust will not create a dramatic temperature dif=-
ferential. In order to create the temperature effect described
by the County, the piston and skirt would have to come into
unlubricated contact. Lubrication minimizes the piston

skirt/cylinder contact and facilitates heat flow from the pis~-

ton to the liner.

24. Has operational experience shown that side thrust
load is not a problem with pistons in nuclear service?

A. (Harris, McCarthy, Seaman, Swanger) Yes. The compo-
nent tracking system does not indicate adverse consequences
from side thrust on any pistons in nuclear service. Further=-
more, the component tracking system does not indicate any fail-
ure »n R-4 engines in either nuclear or non-nuclear service.
This R-4 experience is helpful because the factors influencing
side thrust load, crank angle, reciprocating piston weight and
connecting rods, are the same on all R-4 engines and are not

affected by individual piston designs.



95. Why do you disagree with the County's dramatic con-
clusions regarding the effect of piston side thrust load?

A. (Pischinger, Swanger) As described above, current
design experience has indicated that side thrust is not a prob-
lem. The County characterizes the side thrust as excessive
based on an outdated standard. Most modern engines would ex-
ceed this outdated standard. It has no meaning to curr>nt en-

gine design. The County's standard is drawn from Diesel Engine

Design by T.D. Walshaw, 1949 /(County's testimony, p. 48, foot-
note 60). The dated value of this 35 year old source is
exemplified by various information drawn from the reference.
For example, for a roughly 17 inch oore four struke diesel, a
peak firing pressure of 700 psig (p. 80) and BMEP of 70 psig
(p. 71) are given. The County's reference also states that two
stroke diesels are "used universally for the higher powers, say
above 3000 BHP per unit" (p. 47). These statements are at odds
with more modern design practices and show the dated nature of
the 85 psi limit on unital side thrust loads. Similar problems
are found in the County's other reference on side thrust,

Internal Combustion Engine by V. L. Maleev, 1945 (County's tes-

timony, p. 49, footnote 61) when the reported BMEPs (pp. 352,
353, 355) and peak firing pressure (pp. 206, 207, 355) are com=-
pared with modern rractice. Improved materials in more modern
engines allow higher operating pressures to be attained. For

instance, Maleev describes cast iron piston material with a



tensile strength of 20ksi - 30ksi (p. 499), whereas the nodular

iron in TDI engines is approaching 100 ksi in tensile strength.
The textual references noted from both references are included
in Exhibit P=-31.

In summary, the 35-40 year cld material from which the
County obtained its values of recommended side thrust does not
reflect modern design practices. As noted above, design and
operating experience indicates that side thrust load is simply
not a consideration.

96. 1Is there any evidence of excessive side thrust on the
AE piston in the EDG's at Shoreham?

A. (Seaman, Swanger) No. The County cited several re-
ports by the DRQR of scuffing on the AE piston skirts. These
reports, however, include not only a report of scuffing, in
some cases, but a conclusion that it was acceptable or normal
wear. Copies of the reports cited by the County are attached
to this testimony as Exhibit P-32. Furthermore, as the County
pointed out, DRQR personnel visually inspected the AE skirts at

Shoreham and did not cbserve excessive side load wear.

97. On what basis did the County challenge the conclusion
of the DRQR inspections?

A. (Seaman, Swanger) The County stated that during its
June 1984 inspection the County's consultants noticed a "heavy

wear pattern" on one AE skirt. The County also indicated it

noticed that the tinplated area showed indications of "abraded
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surfaces and evidence of debris that had been previously im=-
bedded in the plating, but since removed." As will be dis-
cussed below, the purpose of the tinplating is to capture and
absorb minute particulate material from the combustion chamber
so that it will not harm the cylinder liner.

98. Why is the County's belief wrong that there may have
been side thrust markings in some of the cylinder liners?

A. (Seaman, Youngling) The only reason the County of-
fered in support of its belief is that its consultants "sur-
mised" that deglazing observed was necessitated by the side
thrust markings. The County went on to describe deglazing as
"a maintenance operation in which the cylinder liner surface is
honed." The County's June 1984 inspection was of EDG 103 dur-
ing the block replacement. The cylinder liners had just been
rehoned at TDI as a part of that engine rebuiid. This is nor-
mal practice in an engine rebuild and has no relationship to
the piston skirt performance prior tc the rebuild. The
rehoning certainly does not support a conclusion that there

have been adverse consequences of side thrust on the AE piston

skirt at Shoreham.

99. Was there any evidence of excessive side thrust in
the AE skirts in the DSRV-16-4 engine at Kodiak Electric Asso-
ciation in Alaska?

A, (Jolinson, Swanger) FaAA observed no evidence of ex-
cessive side thrust during the inspections of the Kodiak skirts

after more than 6,000 hours of operation.
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100. Would you anticipate that adverse effects of side
thrust would evidence themselves on the Kodiak engine even at
1,200 psi?

- (Harris, Swanger) According to the County's standard
<or acceptable unital side thrust, the Kodiak engine should
have experienced excessive side thrust even at 1,200 psi. As-
suming the County's calculation of the side thrust load at
Shoreham is correct, the side thrust for Kodiak can be derived
by multiplying the County's side thrust result times the ratio
of the Kodiak and Shoreham peak firing pressures. As noted,
Kodiak had not evidenced any symptoms of excessive side thrust.

101. Did inspections of the modified AF piston skirts re-
moved from Shoreham after 600 - 800 hours of operation reveal
any indication of excessive side thrust?

A, (Harris, Johnson, Swanger, Youngling) No. Both vi-
sual and nondestructive examination revealed no signs of the
County's alleged excessive side thrust. The nondestructive
evaluation (liquid dye penetrant and eddy current testing)
showed that the cracks in the modified AF skirts were randomly
distributed on all sides of the skirt in the boss area. The
liquid dye penetrant test results are included in Exhibit P-33.
If there had been excessive side thrust, the cracks would have
shown some side to side variation indicating adverse effects of
side thrust locad. The same side loads were experienced on the

AF piston skirts as the AE pistons skirts because the factors

affecting side loading, i.e., firing pressure and the geometry



of the crank connecting rod and piston, are the same in both

skirts.

102. Is the side thrust load on the Shoreham piston ac-
ceptable?

A. (Pischinger) Yes. Based upon the dimensions of the
piston skirt, crank radius and the connecting rod length, I
conclude that the Shoreham piston is an extremely low side-load
piston. Moreover, based on current design practice, side

thrust should not even be an issue in this proceeding.

B. FaAA Analysis

103. Did FaAA consider side thrust load in its analysis of
the stresses on the AE pistcn skirt?

A. (Harris, McCarthy) No. As discussed above, cyclic
stresses were the key factor FaAA considered in analyzing <rack
initiation in the AE piston skirts. The cyclic stresses are
the differences in the minimum and maximum stresses. Pressure
and stress have a linear relationship. Side thrust load is
produced when the connecting rod angle varies from zero de-
grees. In this case, a portion of the load due to pressure on
the piston is reacted through the wrist pin at an angle as con-
trasted to directly through the connecting rod to the crank-
shaft as would occur at top dead center. The pressure/crank
angle diagram that FaAA developed (Exhibit P-5) shows that peak

firing pressure during the power stroke occurs near the
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made by FaAA on cracking of the AE skirt when subjected to peak
firing pressure as large as 2,400 psig. These calculations,
performed using the methodology described above, revealed that
crack growth would not occur even at pressures of 2,200 psig.
The maximum and minimum stresses and fracture mechanics analy-
sis results from these calculations are shown on Exhibit P-34.

The small increases in estimates of cyclic stresses that
may possibly occur if side thrust loads were included in the
analysis would certainly be insufficient to increase the cyclic
stresses to levels corresponding to 2,200 psig. Therefore, ex-
plicit consideration of side thrust loads would not alter our
conclusions regarding the possibility of crack initiation but
no growth of cracks in the AE piston skirt.

ViI. The Tin Plating On The AE
Pistons At Shoreham Will Not Lead To Failure

106. Please describe the purpose of the tin plating on the
AE piston skirts.

A. (Pischingei', Swanger) Tin is a soft, low-friction
material electroplated on piston skirts tec facilitate a
smoother break-in period for an engine. During break-in, pis-
ton rings and skirt surfaces are required to adapt themselves
to new and non-broken-in cylinder liner and bore surfaces.

Soft tin plating provides a low friction run-in surface similar
to that provided by the overlay on the connecting rod bearing

shells or on main bearing shells. In other words, the tin



plating provides a running-in surface between the new skirt and
the new liner. 1In addition, due to its soft quality, the tin
plating captures minute particulates created by the running-in
process and absorbs these materials. This process, therefore,
protects the honed cylinder liner. In summary, the purpose of
the tin plating is to provide a smooth break-in period and to
protect the cylinder liner and the piston skirt. Contrary to
the County's allegation, the purpose of the tin plating on the
skirt is not to offset the assumed bad effects of alleged ex~-
cessive piston side thrust. In fact, the County's own refer-

ence, Internal Combustion Engines (p. 498), states that "cast

iron pistons produce less cylinder liner wear than aluminum

ones, especially if they are tin plated."

107. Does the experience collected in the component
tracking system indicate that tin plating of piston skirts is
not an operational problem?

A. (Seaman, Swanger) The component tracking system
contained no evidence of any failures or adverse operational
problems resulting from tin plating of piston skirts in nuclear
or non-nuclear service. Furthermore, the County did not docu-
ment any actual failures or operational problems caused by tin
plating. The Coun%y was merely theorizing based on incorrect

assumptions as to the purpose of tin plating.



108. The County alleged that the scoring it observed can
result iu gas blow-by and, therefore, perhaps eventual piston
seizure. Has excessive gas blow-by ever been experienced in
the EDGs at Shoreham?

A. (Seaman, Youngling) No. LILCO monitors crank case
pressure which would increase if gas blow-by were experienced.
If excessive blow-by were to occur, the pressure sensor would

alarm and then trip the unit. Shoreham has never tripped due

to excessive gas blow-by.

109. The County was also concerned about alleged problems
that might occur from the electroplating process. Why is the
County's concern about electroplating ill-founded?

A. (Pischinger, Swanger) The County stated its concern
about failure because of enbrittlement caused by hydrogen
escaping into the metal during the electroplating. The County
stated that hydrogen embrittlement has been responsible "for
many dramatic failures of ferrous metals" and is a problem in
"all plated metal components." This is incorrect. Hydrogen
enbrittlement is not a concern in relatively mild nodular cast
iron which had relatively low ultimate tensile strengths as
compared to steel. It is a consideration only in high strength
steel with ultimate tensile strength in excess of 150,000 psi.
The tensile strength values of the AE piston skirt measured by
FaAA were 85,360 psi to 90,210 psi. Furthermore, any
cathodically charged hydrogen in the piston would diffuse out
of the iron matrix in less than 100 hours at the operating tem-

perature of the AE piston at Shorehamn.
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110. The County seemed concerned about tin plating because
of scoring it observed in several cylinders during the County's

trips to Shoreham in 1983 and 1984. Was this scoring due to
the tin plating?

A. (Seaman, Youngling) No. The County hypothesized,
based on its 1983 observations, that the scoring was caused by
an accumulation of imbedded material in the tin plated surface
of the skirt. The accumulation of material, however, was not
caused by the tin plating. In 1983, the Shoreham EDGs had
Koppers piston rings which were allowing an excessive amount of
carbon build-up on the cylinder liners. As the result of a
recommencation of the DRQR program, those rings have been re-
placed, however, with Muskegon piston rings. The Phase II DRQR
of the piston rings concluded the Muskegon rings were appropri-
ate for the intended use at Shoreham and that miuor scuffing
score marks on the cylinder liners were within an acceptable
range indicating acceptable performance. In addition to
replacing the Koppers piston rings with Muskegon piston rings

to assure freedom from unacceptable scuffing, LILCO has adopted

the following practices:

1. Inspection of the cylinder liners at each fuel
outage to evaluate liner wear and cocat deposits.

- Use of a high detergent oil.

- Use of 135° fuel injection tips.

111. Who performed the review of the Muskegon piston
rings.
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VII. Conclusion

118. 1In light of the County's piston contentions, is it
your conclusion that the AE piston skirts are safe and reliable
for their intended service?

A. (Harris, McCarthy, Swanger) Yes. The analysis of AE
piston skirts using the higher, more conservative stresses pre-
dicted that fatigue cracks could possibly initiate. The analy-
sis by engineering fracture mechanics predicted that these
cracks cannot grow in the Shoreham EDGs. These same design
analysis procedures have been successfully applied in other
industries, including highly sophisticated aircraft gas turbine
engines, as well as to other critical components of nuclear
power plants.

119. 1Is it unusual to operate structural components where
the presence of fatigue cracks is assumed?

A. (Harris, McCarthy) It is now common to design and op-
erate critical structural components such that the initial
presence of crack-like defects is assumed and the growth of
these defects in fatigue is calculated. The possibility of fa-
tigue crack initiation in the stud attachment bosses of piston
skirts poses no new or unusual problems when compared to common
design practice in other industries, such as aerospace. For
example, even the highly-stressed rotating parts of military
aircraft gas turbine engines are designed assuming the presence

of small cracks that can grow in fatigue. As noted above, the



United States Air Force has a formal procedure that expressly
requires—the manufacturer to adopt this design approach. Many
other structures - civil, mechanical, marine - are designed
with the same philosophy. This philosophy merely reflects the
fact that all materials and structures contain crack-like de=-
fects on some scale and that the primary objective of design
analysis is therefore not to prevent "initiation" but to ensure
that such cracks cannot grow to a significant size. It is im=-
portant to appreciate the fact that all critical structural
components in our common experience, such as aircraft, bridges,
pipelines, tanks--even elevator cables--contain such defects.
Modern design analysis is able to ensure the safe operation of
all these structures through the application of engineering
fracture mechanics. Contrary to the County's contention, the

fracture mechanics analysis of AE pistoun skirts showed that

they are safe and reliable.
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Failurg
Associates

DAVID O. HARRIS

Specialized Professional Competence

Fracture mechanics analysis and testing, fatigue and stress corrosion cracking in nuclear reactor
piping, probabilistic fracture mechanics stress analysis, acoustic emission testing and applications

Background and Professional Honors

Ph.D. (Applied Mechanics), Stanford University
M.S. (Mechanical Engineering). University of Washington
B S (Mechanical Engineering), University of Washington

Managing Engineer. Fracture *4echanics Group,
Failure Analysis Associates
Division Manager.
Science Applications. Inc
Director of Research
Dunegan/Endevco
Mechanical Engineer.
Lawrence Radiation Laboratory

Member. American Society of Mechanical Engineers
Member. American Society for Testing and Materials
Member. Acoustic Emission Working Group

Member, Tau Beta Pi. National Engineering Honorary Society
Member. Sigma Xi. Scientific Research Honorary Society

Selected Publications

Characterization of Acoustic Emission from Crack Growth in Steam Turbine Rotor Steels. to appear
as Electric Power Research Institute Report, Palo Alto, California (with D. D Dedhiaand T C
Mamaros)

Stress Intensity Factors for Surface Cracks in Pipes: A Computer Code for Evaluation by Use of
Influence Functions, Electric Power Research Institute Report NP-2425, Palo Alto. California
(June 1982) (with D. D. Dedhia).

Stress Corrosion Crack Growth in the Presence of Residual Stresses. Residual Stress and Stress
Relaxation, 28th Sagamore Army Materials Research Conference. Plenum Press (1982)

Probabilistic Analysis of the Influence of Vibratory Stresses on Piping Reliability,” Reliaility and
Safety of Pressure Components, pp. 17-34, PVP —\Vol. 62, American Society of Mechanical
Engineers. New York (1982) (with E. Y. Lim)

Fracture Mechanics Models Developed for Piping Reliability Assessment in Light Water Reactors.
Report NUREG/CR-2301, U S. Nuclear Regulatory Commission, Washington D.C. (1982 (with
E.Y Limand D. D. Dedhia).

Application of a Fracture Mechanics Mode! of Structural Reliability to the Effects of Seismic Events
on Reactor Piping. Progress in Nuclear Energy Vol 10, (1) pp. 125-159 (with E. Y. Lim)

The Influence of Nondestructive Inspection on the Reliability of Pressurized Components, Fracture
Tolerance Evaluation, Proceedings of U.S.-Japan Joint Symposium on Fracture Tolerance
Evaluation, Honolulu, Hawaii (December 1981) pp. 257-265

Applications of a Probabilistic Fracture Mechanics Mode! to the Influence of In-Service Inspection
on Structural Reliability. to appear in the Proceedings of ASTM Symposium on Probabilistic
Methods for Design and Maintenance of Structures (with E_ Y. Lim)

Approximate Influence Functions for Part-Circumferential Interior Surface Cracks in Pipes. presented
at 14th National Symposium on Fracture Mechanics, Los Angeles, California (June 1981) (with
E. Y Lmand D D Dedhia)







Fajlureg
Associates

DUANE P JOHNSON

Specialized Professional Competence

Nondestructive evaluation and structural monitoring methods. production line inspection system
development, field inspection and monitoring services, inspection and monitoring reliability analysis
nondestructive inspection procedure development and review, inspection level and interval opti-
mization, eddy current instrument development, advanced eiectromagnetic sensor development,
agvanced signal processing, R&D on advanced nondestructive inspection and monitoring methods

Background and Professional Honors

B S. (Electrical Engineering). University of Minnesota. with High Distinction
M.S (Physics), University of Washington
Ph.D. (Physics). University of Washington

Manager. Nondestructive Evaluation and Monitoring
Failure Analysis Associates
President and Co-Founder,
Reluxtrol, Inc
Supervisor. Nondestructive Inspection
Pratt & Whitney Aircraft
Associate Professor of Physics
American University Cairo, Egypt

Member. American Society for Nondestructive Testing
Member, American Physical Society
Member. institute cf Electrical and Electronics Engineers

Selected Publications

Review of State of the Art Inspections of Steam Turbine Blades. EPRI Steam Turbine Blade Reliability
Workshop (1982) (with E. K. Kietzman)

Electromagnetic Testing of Ceramic Materials, EPRI Report (1981) (with L. Y. L. Shen)

Controlied Reluctance Eddy Current Inspection of Steam Turbine Components. EPRI Workshop on
NDE of Steam Turbine and Electrical Generator Components (1980) (with S. Sarian and £ K
Kietzman)

Assessment of Current NDI Techniques for Determining the Type. Location and Extent of Fossil-
Fired Boiler Tube Damage, EPRI Report (1980) (with E. R. Reinhart and S_ Sarian)

Production Line Nondestructive Evaluation of Continuous Formed Metal Parts Using Controlied
Reluctance Eddy Current Probes. ASNT Spring Conference (1979) (with S_ Sarian)

‘Reliability of Flaw Detection by Nondestructive inspection, Metals Handbook, Vol 11 (with several
authors)

Economics and Managerial Aspects of Nondestructive Testing Evaluation and Inspection in Aero-
space Manufacture, Appendix C. National Academy of Science Publication NRAB-337 (with
T L. Toomay)

Determination of Nondestructive Inspection Reliability Using Field or Production Data’ Materials
Evaluation, Vol. 36 (1978)

‘Estimation of Defect Detection Probability Using ASME Section X! UT Tests on Thick Section Steel
Weldments. ASM/ASTM/ASNT/ANS International Conference NDE in Nuclear Industry (1978)
(with T. L. Toomay and C. S. Davis)

A Workable Approach for Extending the Life of Turbine Rotors. Fatigue Life Technology. ASME
Symposium (1977) (with P M. Besuner)

Optimizing NDI Sensitivity, Metals Progress. Vol 112 (1977)

‘Inspection Uncertainty: The Key Element in Nondestructive Inspection, Materials Evaiuation Vol 39
(1976)
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Associates

ROGER L. McCARTHY

Specialized Professional Competence

Mechanical, machine, and mechanism design. Dynamic mechanical system design, analysis modeling,
control (including dedicated computer control), and failure analysis. Custom product design. Human
factors engineering and testing; design analysis of man/machine interface Design analysis research.
Risk analysis; quantification of hazards posed by design and construction of mechanical components,
products, or system failure in the industrial and transportation environments Design analysis through
large scale accident data analysis and evaluation, including vehicle design and collision performance.
Evaluation of mechanical/electrical design-related explosion hazard: heat transfer design. Reinforced
polymer composite design analysis, including tires. Patent analysis relating to mechanical design

Background and Professional Honors

A.B. (Philasophy), University of Michigan, with High Distinction
B.S.E. (Mechanical Engineering), University of Michigzn, summa cum laude
S.M. (Mechanical Engineering), Massachusetts Institute of Techn dlogy
Mech.E (Mechanical Engineering), Massachusetts Institute of Technology
Ph.D. (Mechanical Engineering), Massachusctts Institute of Technology
President,
Failure Analysis Associates
Principal Design Engineer
Failure Analysis Associates
Program Manager. Special Machinery Group,
Foster-Miller Associates, Inc
Project Engineer, Machine Design and Development Engineering, Engineering Development Division,
Proctor & Gamble Company, Inc

Registered Professional Mechanical Engineer, California, #M20040

Registered Professional Mechanical Engineer, Arizona, #13684

Phi Beta Kappa, Sigma Xi, James B. Angell Scholar

National Science Foundation Fellow

Outstanding Undergraduate in Mechanical Engineering, University of Michigan

Member, American Society of Metals, American Society of Mechanical Engineers. Society of

Automotive Engineers, American Welding Society, National Safety Council, American Scciety
for Testing and Materials

Member. american Society of Safety Engineers

Member. Human Factors Society, System Safety Society, National Society of Professional Engineers
Member, American Society of Heating, Refrigeration, and Air-Conditioning Engineers

Member, National Fire Prevention Association

Selected Publications

School Bus Whee! Rim Safety — Multipiece vs. Single Piece National School Bus Report Springfield,
Virginia (December 1982) (with G. E. McCarthy)

Warnings on Consumer Products: Objective Criteria For Their Use.’ 26th Annual Meeting of the Human
Factors Society, Seattle, Washington {October 25-29, 1982) (with J. N. Robinson. J. P Finnegan
and R. K. Taylor)

Average Operator Inaction Characteristics with Lever Controis — Study of the Column Mounted
Gear Selector Lever, 26th Annual Meeting of the Human Factors Society, Seattle, Washington
(October 25-29 1982) (with J. P Finnegan, G. F Fowler and S. B. Brown)

Catastrophic Events: Actual Risk versus Societal Impact’ 1982 Proceedings, Annual Reliability and

Maintainability Symposium, Los Angeles, California (January 26-28, 1982) (with J. P Finnegan
and R. K. Taylor)




“Product Recall Decision Making: Valid Product Safety Indica‘ors, Proceedings of the Fourth Inter-
natior.al System Safetv Conference, San Francisco, Califcrnia (July 9-13, 1979). Published
by Professionc.i Engineer Magazine (March 1981).

“Large Vehicle Wheel Servicing: Reduction of Risk Through Implementation of An OSHA Standard
Governing Multipiece and Single Piece Rims: Phase IV, Published by the National Wheel and Rim
Association (March 1981) (with J. P Finnegan).

“Program to Improve Down Hole Drilling Motors: Task 2, Lip Seal Design.’ Failure Analysis Associates
Report F£ A-81-7-6 to Sandia National Laboratories (October 1980) (with V. Pedotto).

“A Safety and Fracture Mechanics Analysis of the Pneumatic Tire: A Perspective on the Firestone
500 Radial Tire,’ Presented at the International Conference on Reliability, Stress Analysis
and Failure Prevention, of the American Society of Mechanical Engineers, San Francisco, California
{August 18-21, 1980) (with W. G. Knauss).

“Multipiece and Single Piece Rims: The Risk Associated with Their Unique Design Characteristics:
Phase |II Published by the National Wneel and Rim Association (June 1980) (with J. P Finnegan).

“An Engineering Safety Analysis of the Steel Belted Radial Tire. Society of Automotive Engineers
Paper #800840 (June 9-13, 1980).

“A Simple Technigue to improve the Allocation of Safety Inspectian Resources. Proceedings of the

Fourth International System Safety Confe. unce, San Fraacisco, California (July 9-13, 1979)
(with P M. Besuner).

“An Engineering Analysis of the Risk Associated with Multipiece Wheels.' National Highway Traffic
Safety Administration, ANPR Docket No. 71-19, Number 7 (June 1973) (with J. P Finnegan).
“Planar Thermic Elements for Thermal Control Systems.’ Journal of Dynamic Systems, Measurement

and Control, Vol. 99, Series G, No. 1 (March 1977) (with B. S. Buckley).
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CURRICULUM VITAE

Professor Dr. techn. Franz F. Pischinger
Date of Birth: 18.07.1930, Waidhofen/Thaya, Austria

1948 to 1952 studies and graduation in mechanical engineering
at Graz Technical University. From 1953 to 1958 (1954 doctors
degree) technical assistant at Graz Technical University. Then
Head of Research Department of AVL (Institute for Internal
Combustion Engines, Professor List, Graz). 1958 habilitation.

1962 to 1970 leading positions in research and development at

Klockner-Humboldt-Deutz AG, Koln (last position: Director

of Research and Development Department). Since 1970 Director
of the Institute for Applied Thermodynamics at Aachen Technical
University. Supervising Research and Teaching in the field of
internal combustionengines and thermodynamics of combustion.
Also (1978) president of the FEV Forschungsgesellschaft

fur Energietechnik und Verbrennungsmotoren mbH, Anchen.
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CrAIG K. SEAMAN
358 CLUBHOUSE CT.
CORAM, N.Y. 11727
(516) 929-6050 BUSLINESS
(516) 698-0503 HOME

SUMMARY

An aggressive, results-oriented engineer with extensive background in engineering
supervision, mechanical and structural engineering, and construction. Mnst recent
assignment reguires management of 150 engineering, professicnal and technical
personnel assigned to resolve design and quality concerns with a nuclear standby
diesel generator manufacturer.

LONG ISLAND LIGHTING COMPANY
SHOREHAM NUCLEAR POWER STATION
(1979 - PRESENT)

AS PROGRAM MANAGER

. Established a program to provide an in-depth design review arnd quality
revalidation of Trancamerica Delaval diesel generators to qualify these
units for nuclear emergency standby power. This program was required as
a result of numerous engine failures and negative NRC audits of the vendor.

. Responsible for presentations to utility executives to enlist participation
in the program - results: 11 of 11 utilities with operating licenses or
active construction programs are contributing and participating.

» Managed the program utilizing a team concept involving over 150 personnel
including engineers, scientists, diesel consultants, quality control
inspectors and clerical support.

AS GSENIOR PROJECT ENGINEER

. Managed an on-time and budget Pre-Service Inspection Program including
providing expert testimony for the Atomic Safety and Licensing Board.

. Responsible for coordination of utility/architect erngineer response to an
Independent Design Review resulting in a clean bill of health for Shoreham.

+ Supervised an engineering section responsible for all mechanical engineering,

power systems, structural engineering, piping (including ASME) and pipe
supports engineering.

AS ASSISTANT PROJECT ENGINEER

+ Responsible for plant betterment program - one example is a radwaste system

modification to back flushable etched disc filters which resulted in an
over $200,000 savings.

. Assisted iu development of the first domestic Induction Heating Stress
Improvement Program for mitigation of stress corrosion cracking in

Reactor Recirc System piping including coordination with NRC, G.E.
and international firms.

+ Engineering respomsibilities included NSSS systems, radwaste systems,
ASME piping and supports, and structural disciplines,



DARIEL INTERN
ENRICO FERMI UNIT II
(1978 - 1979)

AS PROJECT ENGINEER

Assigned to the Walbridge Aldinger Company (WACo) to establish the firm's
ability to perform piping and mechanical installations. As a direct result,
the WACo contract was increased 100X to $40,000,000,

Supervised an engineering office responsible for ANSI B31.1 piping, fire
protection piping, the biological shield wall and temporary facilities.

AS CONSTRUCTION ENGINEER

Assigned to a task force established to review three quality assurance manuals
and 40 construction procedures for effectiveness and efficiency - this effort
resulted in a 202 increase in productivity in the field.

Responsible for drywell piping including planning, engineering, materials
procurement, and management of offsite programs in Michigan and California.

LONG ISLAND LIGHTING COMPANY
SHOREHAM NUCLEAR POWER STATION
(1975 - 1978)

AS CONSTRUCTION SUPERVISOR

Responsible for the first on-time completion of a mechanical system at
Shoreham - the Reactor Recirculation System in the Primary Containment.

Established a coordinated const-uction team for piping and mechanical
equipment installation in the Primary Containment including - contractor
supervision, labor, quality control, cost engineering and scheduling.

Assigned to a task force established to evaluate the construction program -
the result was a major construction reorganization with significant
improvements in progress, scheduling and cost control.

AS CO™STRUCTION COORDINATOR

Provided a recommendation to purchase previcusly rented heavy construction
equipment which resulted in a savings of over $500,020,

» Monitored civil/structural construction and field engineering activities
including detailed reporting to management.,

EDUCATION

Cornell University B.S. Engineering

Brooklyn Polytechnic 18 Credits toward
M.S. in Nuclear Engineering

PERSONAL

Age - 31 Height - 5'9" Weight - 160
Married -~ 1 Child Health - Excellent
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failure
Assooates,

LEE A. SWANGER

Specialized Professional Competence

Failure analysis of materials; metallurgical engineering, physical and mechanical metallurgy, and
thermodynamics, foundry process development including ferrous and non-ferrous castings; powder
metallurgy and powder rolling; electrochemistry, including electroplating and corrosion; materials
testing, fatigue, and fracture; metal matrix and polymer matrix composites; tribology, friction, wear, and
lubrication; internai combustion engine and compressor component design and testing; sleeve bearing
design, manufacture, and failure analysis.

Background and Professionsl Honors

Ph.D. (Matenais Science and Engineering), Stanford University, with Distinction
M.B A (Marketing/Finance), Cleveland State University

M.S. (Materials Science and Engineering), Stanford University

B.S. (Metallurgy), Case Institute of Technology, with Highest Honors

Managing Engineer,
Failure Analysis Associates
Director, Research and Development,
Imperial Clevite Inc.
Associate Director, Product Development,
Gould Inc., Engine Parts Division
Manager, Tribology and Bearing Research,
Gould Laboratories, Materials Research
Associate Senior Research Metallurgist, .
General Motors Research Laboratories
Lecturer. Metallurgical Engineering,
Cleveland State University
Visiting Research Associate, Metaliurgical Engineering,
Ohio State University

Registered Professional Engineer, State of Ohio, #44024
Member. Tau Beta Pi, Engineering Honorary Fraternity
Member. Sigma Xi, Scientific Research Honorary Fraternity
Member, Beta Gamma Sigma, Graduate Business Honorary Fratemnity
National Merit Foundation Scholarship

Xerox Corporation Fellowship

IBM Corporation Fellowship

Hertz Foundation Fellowship

Member. American Society for Metals

Member, Society of Automotive Engineers

Interviewer, Hertz Foundation Fellowship Project

Selected Publications

U.S. Patent No. 4,333,215: “Bearing Material and Method of Making. issued June 8, 1982.

“Compacted Graphic Cast iron Components for Improved Thermal Fatigue Resistance. Imperial
Clevite Inc., Internal Report (January 1982).

"M(JW ‘msm) ies to Achieve Cash Flow Objectives. M.B A thesis, Cleveland State Universi ity

“Squeeze-Cast Pistons for Heavy-Duty Applications. Gould Inc., Internal Report (February 1981).

“Evaluation of Graphite-Epoxy anc' Graphite-Babbitt Composite Sieeve Bearings, Gould Laboratories,
Phase Rooo';t'(Oclobua 1’977). = S e

“Environmentally induced B’ iering of Aluminum Components.’ id Laboratories, Project
Completion Report (December 1978).
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Edward J. Youngling
Manager, Nuclear Engineering Department

Assigned as Manager, Nuclear Engineering Department in May 1984. Report to
the Vice President, Nuclear. Responsiktle for the overall operation of the
Nuclear Engineering Department. The Nuclear Engineering Department is
charged with providing the technical direction for engineering, fuel
management, and radiation protection for the purpose of maintaining the
design basis of the Shoreh: Nuclear Power Station.

Responsible for the organizational development of the Nuclear Engineering

t and the definition of functions and responsibilities of the
Nuclear Systems Engineering, Nuclear Fuel, Nuclear Project Engineering,
Engineering Assurance and Radiation Protection Divisions.

Provide timely technical support to Shoreham plant operating staff for
routine and abnormal operations in areas of nuclear engineering,

core analysis, radiation protection, health physics, chemistry and
radiochemistry. Administer programs and approve procedures to poovide
engineering and engineering management for plant modifications and
engineering studies. Establish reliability and risk assessment capability
aimed at improving plant safety and availibility. Provide engineering
support to Shoreham in the disciplines of thermal-hydraulics, heat
transfer, stress analysis, systems engineering, instrumentation and
controls, materials engineering, nuclear fuel design, core physics, safety
and reliability analysis, risk assessment, radiation protection, shielding,
health physics, radiation chemistry, non-destructive examination, corrosion
analysis, and nuclear waste technology. Direct engineering work to the
Office of Engineering on matters encompassing the disciplines of
electrical, civil, power and environmental engineering for projects related
to Shoreham. Direct activities related to nuclear fuel cycle management
and establish nuclear material accountability. Establish core analysis
systems to provide core follow support and advice on control rod withdrawal
patterns., Provide technical direction for the Campany's Radiological
Environmental Monitoring Program. Provide radiation protection cnginee.rmg
and health physics technology assessments for incorporation in the
Campany's ALARA radiation dose reduction program. Responsible for the
Campany’'s ALARA radiation dose reduction program. Participate with Nuclear
Operations Support and Plant Operating Staff in the developmt and
implementation of the Corporate Licensing Policy.

Prepare and approve all budgets related to departmentz]l activities
necessary to &omply with Corporate requirements. Prepare testimony and
participate in appearances before federal, state and local hearing boards
as required (PSC Prudency, PSC Rate Case, NRC Hearings, etc.). Administer
RiD efforts within the Department in support of the Corporate R&D program,



Edward J. Youngling

Responsible for the finalization of the Shoreham Delaval Diesel Generator
Design Review/Quality Revalidation Program.

Gracduated fram Lehigh University in 1966 with a Bachelor of Science Degree
in Mechanical Engineering. Fram June 1966 to March 1968 attended Union
College and achieved credits towards a Masters of Science Degree in Nuclear
Engineering. Successfully campleted the following training courses:

"Introduction to Nucleur Power®™ by NUS Corp., July 1970

"Boiler Control Pundamentals” by General Electric Co., Jamnuary 1972
"Fundamentals of BWR Operation" by General Electric Co. at the GE Dresden
Simulator, August 1972

"Process Camputer Concepts and Practices" by General Electric Co.,
February 1973

"Shoreham Research Reactor Training Program® at Brookhaven National
Laboratory Medical Research Reactor (NRC SROC License candidate research
reactor training requirement), May 1975

"Planning for Nuclear Emergencies® by Harvard School of Public Health,

May 1976

"Interagency Course in Radiological Emergency Response Planning in Support
of Fixed Nuclear Facilities" by Nuclear Regulatory Cosmission,

September 1978

"Qustamer Engineer Training Program in the Methods Used to conduct Maximum
Turbine Capacity Tests and Analyze Results to Detect and Correct C '~
Losses" by the General Electric Co., lLarge Steam Turbine Division,
September 1979

"Shoreham Nuclear Power Station On-Site Training Program® (NRC SROC license
candidate plant systems training requirement), January - April 1979
"LILOO Advanced Supervisory Workshop®, April 1979

"Assertiveness Training Workshop®, November 1980

*LILCO Manageme..t Workshop®, December 1980

"Shoreham General Employee Training®, 1983

Achieved a Senior Operator Certification fram the General Electric Company
on the Duane Armold Energy Center Boiling Water Reactor.

March 1981 - May 1984

Assigned as Startup Manager in March 1981. Responsible for the
Precperational test activities for the Shoreham Nuclear Power Station.
Report to the Vice President-Nuclear. Responsible for coordinating all
(heckout and Initial Operations and Precperational Testing. Set initial
construction “priorities by system/subsystem and monitor construction
progress as it relates to the startup schedule. Had the authority to
modify construction schedule as conditions demand. Chaired construction
release meetings at which status of construction, as it relates to systams
scheduled to be released, was discussed. Member of the Joint Test Group.
Ensured that the established procedures of documentation control were
followed. Responsible for the review, monitoring, supervision and approval

Page 2




Edward J. Youngling

of Checkout and Initial Operations Tests, Preoperational Tests, and
Acceptance Tests, review of all test results sumaries and recammend
acceptance, rejection or modification by the JIG according to results.
Responsible for the production of all the software required for testing of
Shoreham. Certified Level III per ANSI N45.2.6 - 1978.

In Aucrist 1983 named as Manager for the Shoreham Delaval Emergercy Diesel
Generator Crankshaft Failure Recovery Program. Responsible for
coordinating the failure analysis, rebuilding, retesting and
requalification of the three diesel generator units.

Prepared testimony, was depositioned and testified before the Atamic Safety
and Licensing Board regarding Shoreham contentions dealing with quality
assurance, startup testing and emergency diesel generators. Prepared
testimony and testified before the New York State Public Csrvice
Camission. Responsible for direct interface with NRC Resident, Regional
and Staff personnel for matters related to the precperational test program
and emergency diesel generators recovery effort.

May 1979 - March 1981

Assigned as Nuclear Services Supervisor in May 1979, reporting to the
Manager, Nuclear Operations Support Division. Responsible for the
management and coordination of those support services required by LILOO
Nuclear Power Stations. These support services included coordination of
major station modifications, performance of operational design reviews,
coordinating the resources of other LIIOO Departments and outside
consultants to achieve a desired result assigned to the Division,
coordinating long-range planning activities associated with plant
maintenance, fuel cycle strategy and budget and cost control, nonitoring
overall plant and individual equipment performance, maintaining a current
knowledge of federal requlaticns, industry codes and standards, and changes
thereto applicable to the facility.

Participated on the LILOO Corporate Task Forces assessing Shoreham design
and operations, corporate cammmnications, crisis management and overall
campany emergency preparedness following the Three Mile Island Unit 2
accident. Chairman of the Shoreham Review Task Group, responsible for
developing action plans for implementing post ™I recammendations.
Responsible for the Shoreham Control Room human factors design review.

Developed the corporate policy manual defining interdepartmental
responsibilities for the LILOO Nuclear Program,



Edward J. Youngling

February 1975 - May 1979

Assigned as Chief Technical Engineer of the Shoreham Nuclear Power Station
- Unit 1 in January 1975. Responsible for the activities of the
Instrumentation and Control, Health Physics, Radiochemistry and Reactor
Engineering Sections of the plant staff, including the development of
admninistrative and technical programs and procedures to meet regulatory,
campany and industry requirements; and the training of professional
personnel and technicians to satisfy qualification standards. Served on
the plant Review of Operations Cammittee (ROC) and when designated acted as
Chairman of the ROC in the Plant Manager's absence. Served as a member of
the plant Licensed Source User's Cammittee as stipulated in NRC Nuclear
Material License No. 31-17432-01, February 1977.

August 1974 - January 1975

Reassigned to the plant staff as the Instrumentation and Control Engineer,
then icting Chief Engineer-Technical. Responsible for manpower planning
and the development of the technical training programs for subordinate
personnel. Participated in generating portions of the Shoreham Safety
Analysis Report, and in the review and approval of plant operating
procedures, lesson plans and system descriptions.

July 1973 = July 1974

Named the Instrumentation and Control Engineer for Shoreham Nuclear Power
Station and assigned to the General Electric Company Startup, Test and
Operations (STO) organization at the Duane Armmold Energy Center in Cedar
Rapids, Iowa. Participated in the precperaticnal test program in the areas
of in-core nuclear process radiation and reactor vessel (pressure, level
and temperature) instrumentation. Acted as G.E. shift engineer during fuel
loading operations and as assistant to G.E. shift engineer during startup
testing and power ascension program. Participated in the G.E. shift

engineer training program and sat for the G.E. Certification BExamination
for DAEC.

Auqust 1972 - June 1973

Reassigned to Shoreham Nuclear Power Station Project as the Assistant
Project Engineer, then Project Engineer. Responsible for overall plant
design control. Coordinated design effort between LIIOD, Stone and Webster
Engineering Corporation, General Electric Co. Nuclear Energy Division,
various major equipment suppliers and regulatory agencies.

November 1971 - July 1972

Reassigned to the Northport Power Station to participate in the startup of
Northport Unit No. 3. Directly responsible for the startup of the boiler
for this 380MW unit including the fuel safety system, the combustion and
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Edward J. Youngling

feedwater ocontrol systems and associated mechanical equipment. Assumed
overall plant shift operations responsibility during the latter stages of
startup., Was an instructor in the Unit No. 3 systems training program
given to plant supervisors, operators, technicians, and mechanics.

November 1969 - October 197)

Assigned to the Shoreham Nuclear Power Station Project in the Nuclear
Engineering Department. Participated in the engineering review of the
Shoreham plant design in the following areas: plant equipment layout,
equipment specifications, equipment selection, main cuntrol board design,
plant operations logic, plant instrumentation, plant camputers. Review
included contacts with the A-E, Stone and Webster, NSSS supplier, General
Electric Company, various vendors and visits to several nuclear stations.

April 1968 - October 1969

Brployed by the Long Island Lighting Campany and assigned to the Northport
Power Station. During the period, assisted in the startup of Northport
Unit 2, assisted in the station maintenance section supervising route and
shutdown maintenance activities and acted as the station Results Engineer
responsible for the repair and calibration of the station instrument and
control systems and for monitoring station performance.

June 1966 - March 1968

Brployed by the General Electric Company at the Knolls Atomic Power
Laboratory. Stationed at the West Milton Site as a Mechanical Test
Engineer on the S3G Prototype "USS Triton" submarine. while at the S3G
plant my responsibilities were to prepare procedures for tests and
Operations which were not in accordance with normal plant operations;
svpervise the actual tests, analyze the results and issue reports to the
AEC. The following specific activities were engaged in: campleted
selected sessions cf the Engineering Officer of the Watch Training Course,
participated in numerous plant tests including routing low power physics
testing including directing reactor control rod movements through Navy
reactor operators, maneuvering transients, main coolant pump tests, power
runs, various engine room tests and ultrasonic testing to trend pipeline
degradation. Participated in the Advanced Reactor Control Program as Lead
Shift Test Engineer, including completion of required training program, and
performing precperational tests and integrated plant acceptance testing.

Member - Américan Nuclear Society. Held a Guest Associate Engineer
appointment in the Reactor Division at Brookhaven National Laboratory.
Mamber - Pi Tau Sigma. Hold an Engineer in Training Certificate - State of
Pennsylvania (State Registration Board for Professional Engineers).
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AE PISTON SKIRT EXHIBITS

TESTIMONY OF DAVID O. HARRIS, DUANE P. JOHNSON,
ROGEPF L. McCARTHY, FRANZ F. PISCHINGER,
CRAIG K. SEAMAN, LEE A. SWANGER AND

EDWARD J. YOUNGLING ON BEHALF OF LONG ISLAND LIGHTING

COMPANY ON SUFFOLK COUNTY CONTENTION REGARDING
AE PISTON SKIRTS ON DIESEL GENERATORS AT SHOREHAM

Photograph of piston skirt with mounted crown and rings

Photograph of a piston from a Shoreham EDG showing skirt
and crown T

Cross section of crown and skirt indicating the two areas
of load transfer from the crown to the skirt

Piston reassembly guidelines showing measurement of cold
gap

Cas pressure versus crank angle diagram

Comparison of all AE and AF piston skirts in the region of
the stud attachment bosses

Representative dimension checks shown on Task Evaluation
Reports Q-338, 310, 194, 203 and 182

Trip report on nondestructive examination of AE piston
skirt and a copy of AE piston skirt, inspection,
requirements, certificates of compliance and receipt
inspection documentation

A sample preoperational test procedure and Appendix F
showing peak firing pressures taken before the crankshaft
failure and after the crankshaft replacement



P-10

P-11

=12

P-13

P-14

P=-15

P-16

P-17

P-18

P-19

P-20

P-23

P-24

pP=25

Strains and sigma III stress from strain gage rosette
measurements

Results of templug measurements of peak temperature as a
function of position on crown

Location of strain gage rosettes on instrumented AE skirt

Summary of experimental observations related to
crown/skirt interaction

Strain readings and calculated stresses for AE piston
skirt for the complete stud boss rosettes at 1600 psig
with a conventional crown

Comparison of experimental and numerical values of cyclic
stresses for the AE piston skirt

Comparison of experimental observations of peak stress at
1627 psig for AE piston skirt with corresponding finite
element results using extremes of wrist pin behavior

Cyclic stresses in AE piston skirts under isothermal and
steady~-state conditions

Comparison of peak stress in stud boss region of AE piston
skirt for loads applied on inner and outer contact rings

Comparison cf experimental and numerical gap clcsure and
load split

Comparison of skirt stiffnesses as evaluated from experi-
mental observation and crown/skirt interaction model with
corresponding finite element values

Mean and cyclic stresses for infinite fatigue life

Stress states for isothermal AE piston skirt for various
gap sizes plotted on graph of allowable stress amplitude
as a function of mean stress

Stress states for AE piston skirt for various conditions
plotted on a graph of allowable stress amplitude as a
function of mean stress for various gap sizes and for
isothermal and steady-state temperature conditions

Summary of fracture toughness data from the literature for
nodular cast iron with strength levels similar to
100-70-03

Applied values of Delta K and R as a function of crack
depth and corresponding values of Delta Kth



P-26

P=-27

P-28

P-29

P-30

P-31

P-33

P-34

Liquid dye penetrant inspection results after 100 hours
operation for EDGs 101, 102, 103

Eddy current test results after 100 hours operation for

EDGs 101, 102, 103; FaAA Procedure NDE 11.5, Rev. 0 and
Rev. 1

Iron Castings Handbook, page 34

Results of inspection of AE pistons on the Kodiak Electric
Association engine and the TDI R-5 prototype engine

Volume I, TDI Owners Manual (sections discussing engine
lubrication)

Excerpts from Diesel En&ine Design by T.D. Walshaw and
Internal-Combustion Engines by V. L. Maleev

Task evaluation reports and LILCO deficiency reports which
discuss the DRQR's visual inspections of AE piston skirts

Liquid dye penetrant test results for AF piston skirts

Minimum and maximum stresses in AE piston skirt for
various peak firing pressures for isothermal and steady
state operaing conditions; applied values of Delta K and R

as a function of crack depth and corresponding values of
Delta K, (2,200 psig)



Photograph of piston skirt with mounted crown and rings.

FaAA-M-84-8-1



Photograph of a piston from the Shoreham Nuclear Power Station emergency
diesel generator piston skirt (left) and crown (right).

FaAA-M-84-8-1
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‘LAR'UP FORM 7.6 - y O
Shoreham Nuclcd-'a... Rrasiaon - Unit 1
REPAIR/REWORK REQUEST
1. Request:PL0-/l.27 Initiated By: Fol/e __System § :2£%314
Test Engineer/Datc
- s,o O )

| Work performed under jurisdiction of: () Unico Construction (. LILCO Startup

Work to be performed by: ( ) Unico Construction (4 LInco Startup

Quality Assurance function to be performed by: (%QA ()FQC ( )Work Supervisor
System or Subsysten Descripticn: D5 so/

QA Catcgory: ; ‘ Completion Date Roquii.dz

Perfomm the following “'k‘wwm%
Reason for m"*.&(‘LﬁM&M&Z&@

2. Wecrk to be performed in aczcordance with thc following applicable coweruc ion
or maintenance procedur .

S8W Tead Ndvisory Eng./Da

S. This form nust be signed and returned to the party requesting the work wnhen the

work is completed.

The above work has been =
mentation is attached.

-~
su?ewiso:/oaé i Ficld QC or Operational QA/Dasze
S, The following rotest(s) are required and completcd: £D& so/ gm-m.‘?zz ’zZ)

P a e
e _ar_f_%woi /3 s
Startup Eagincer/Date /

Craanization Performing Work: ( ) Unico Construction

Superintendent (via Turnover Coordinater), or ( JLILCOD
Startup. .

Copies To: QOrganization Not Performing Work: ( ) Unico Construction

Superintendent (via Turnover Coordinator), or ( )JLILCO
Startup

Cperational QA ~NOTEP B
iete oo 8501

leted. A work

summa and necessary dszu-~

-

f/)f_

O Operatisn QA Frijineer,/Dat
DISTRISUTION: Original to:
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PISTON DISASSFMBLY/REASSEMBLY GUIDELINES

Piston No. §

NOTE: This guideline provides piston disassembly/reassembly instructions

A,

1.

following removal of the piston assembly from the engine.

DISASSEMBLY
Remove the four (4) crown to skirt nuts. Record breakaway torque on
attached sheet.
REASSEMBLY
“erify the following inspections ere complete and do not restrain
reassembly.
Task description no. 03-341A ‘ T
P I’, j . i 7 g g*‘"
a. Release received i /?—J;‘»ffi’ rm’e e
TE : Date
Memarks _AZV " 22 v DD
LI S LD TEFL et A
b. Corrective action complete (N/A if not required). o
_’/Z.j_/.: . ‘s '-.V ¥ ‘_:'/L
TE Date
Reassemble piston as follows.

a. Place crown on skirt., Measure cold gap at point "X", (4 places
only, See attached copy of portion of TDI dwg., 03-341-7319).
Should be .007/.011. Remove crown.

- 0

Record Gap

oA A s
MATE ¢ Cal. Due Date
,':./4((4¢ < /./ A,,:;;7\ .y kY -
TE Date
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PISTIN DISASSEMBLY/KEASSIMELY GUINCLINTS
Pisten No, 7
NCTE: This puideline provides piuts~ disacserblv/rrasec=bly f=ztrucsior:
“cllowing ramoval of the pistor sssenhiv frop *he srpine,
A. DISASSSMALY
e A .
I. Pemcve the four (4) crown to skirt nuzs. Fecore Sresnawis fovive o%
actzche? sheet,
B. REASSIMBLY
——m O
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PISTON DISASSEMBLY/REASSEMBLY GUIDELINES
Piston No. 8
NOTE: This guideline provides piston disassembly/reassembly instructions

following removal of the piston assembly from the engine.

A. DISASSEMBLY

1. Remove the four (4) crown to skirt nuts. Record breakaway torque on
attached sheet,

B. REASSEMBLY

1. Verify the following inspections are complete and do not restrain

reassembly.
Task description no. 03-341A 2
- T " b 5 ¢ 7 '\‘
4. Release received /[~ et IA tibction './_,/‘\/
ate
. 7
Remarks AL/ S 22Zeg v 22 e
/
/.’47/. ' fotaties _’.’;"S/ //\ R o 2%
b. Corrective action complete (N/A if not required). / ;
’ L. < ‘ ( e’ / /
A i A
TE Date

2. Reassemble piston as follows.

a. Place crown on skirt. Measure cold gap at point "X". (4 places
only. See attachcd copy of portion of TDI dwg. 03-341-7319).
Should be .007/.01:. Remove crown.

(BN — Ol | o - YO AU = 2 e XTI , EVE O L R S
ecord Gap i . prry,
| b= e /,
SREil L I i
M&TE Cal, Due Date

7
2/ )= o (‘_‘/‘ .
A e S )T 20 S
TE ¢ Date

-—
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| f €horeham Nuclyd:is . . Setnsdaon = Unit 1
C‘? //' ' REPAIR/REWORK REQUEST

1. Request: /7 flmlnitiatcd By: ‘: M‘C 54(& Systen # :M
ate

Test Engineer/

’

Work performed under jurisdiction of: ( ) Unico Construction O() LILCO Startup

Work to be performed by: ( ) Unico Construction M LILCO Startup )47" 2/{ / 7 Y

Guality Assurance function to be performed by: OQOQA ( JFQC ( )Work Supervisor

System or Subsystem Description: Jy@selL Gewgearar /02
QA Category: ¥ Completion Date Requi':od:‘ 2/17/84

Perform the following work: / /0 Y7
. . . T

Reason for Work:__ dese CGewedame Caciry Keyawi onmon

r - Work to he performed in accordance with the following applicable constructicn
8 C ] or maintenance procedure: Z s ) A HACHED il (OEIIRES S'd/-
- ]

=130

3. Notifys” rior to performing work.
Startup

4. chugst Approved:

1 wark is completed.

The above work has been completed. A work summary and necessary docu-

= (A Ak

Field QC or Operational QA/Date

5. The following retgst(s) are required and completed: /i —h)
____.m,&_;am L7 R#3-%7
|

il

eratiogal QA Enginecer

DISTRIBUTICON: Original to: Organization Performing Work: ( ) Unito Construction
k. Superintendent (via Turnover Coordinator), or O€)LILCO
Startup. .
L- Copies To: Organization Not Performing Work: ( ) Unico Construction
Superintendent (via Turnover Coordinator), or (X)’-JW
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PISTON DISASSEMFLY/REASSEMBLY GUIDELINES

Piston No.

This guidelinc provides piston disassembly /reassembly instruction
following removal of the piston assembly from the engine
Inspection requirements remain in steps VII, VIII and 1) o€ the
disassembly guidelines.

Remove the four (4) crown to skirt nu-s. Pecord breati:JL,Luffff
attachaed sheet.

—

/
Perform piston, p o rings, an ST?E’;}nS Incpection Task
Cujdelings. (Ste /11, Y. 4T 2and I1X).

DGQRG

J. Reassemble piston as follows.
a. Place crown on skirt. Mcasure cold pap at pri:
only. See attached copy of portion of 1Pl dwg,
Should be .007/.011. Remove crcwm.

L = B 41_»1 Y

Record Gap

MNIA ALY
MLTE & s
MeTE /"minE

2=-53-129




PISTON DISASSEMBLY/REASSIMRIY CUINELINES

Piston Nu. ©

This guideline provides piston disascembly/reusscrhly instructions
following removal of the piston assembly from the eagine.
Inspection requirezents remain in steps VII, VIIT ard I¥Y of the
disassexbiy guidelires.

l. Remove the four (4) crown to skirt nuts. Recoid breakuaway
atrtached sheet.

2. Perforw piston,
Gyidelines, /Kh‘

3. Reassecble piston as follows.

a. Place crown on skirt., Measure cold gap at paint "X" (4 plsces
only. See attached copy of pertion of T . 341=7319),
Should be .007/.011., Remove crown.

T AV RSP B
Record Cap
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M&TE #
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PISTON DISASSEMBLY/RFASSEMBLY CUIDELINIS

Piston Mo, 7

NOTE: This guideline provides piston disassembly/reasscmbly instructions
following removal of the piston assembly from the engine.
Inspection requirements remain in steps VIT, VIII and iX of the
disassembly guidelines.

1. Remove the four (4) crown to skirt nuts. Record breakaway _toeqCT on
attached sheet. -

Date

3. Reassemble piston as follows.

a. Place crown on skirt. Measure cold gep at point "X" (4 places
only. See attached copy of portion of TDI Crg. 03-341-73109),
Should be .007/.011. Remove crown.

ke Eolo!

Record Cap
ﬂ—?/ & ” ) I'_t /-L'—L,J,.A/»_ ]
MATE ¢ Cal. Due Date
" MK ) .45 K
'-'-;‘.7"’, - - e ISy
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PISTON DISASSEMBLY/REASSEMBLY CUIDELINES

Piston No. R

NOTE: This guideline provides piston disassembly/reassembly instructions
following removal of the piston assemtly from the engine.
Inspection requirements remain in steps VII, VIII and IX of the
disassembly guidelines,

1. Remove the four (4) crown to skirt nuts. Record breakaway ¢ ® on
attached sheet. ‘——‘_ﬂ_,.——_f—aﬂsqf!
2. Perfoim piston, ‘W Inspection Task

Guidelines. and IX).

DGQRG Date

3. Reassemble piston as follows.

a. Place crown on skirt. Measure cold gap at point “X" (4 places
only. See attached copy of portion of TDI dwg, 03-341-7319),
Should be .007/.011. Remove crownm,

\—‘T’E Bf".-l Ny, !
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ceE g gt JNDEL, ssr
Superviso¥/Date Field QC or Operctional QA/Date

The following retest(s) are required and completed: D€ /02 P -in—

4
DISTRISUTION: Original to: g_ganiution Performing Wo¥fk: ( ) Uniconsttuc:ion

Superintendent (via Turnover Coordinator), or ( )LILCO

Startup. . g
h Copies To: Organization tot Performing Work: ( ) Unico Construction
: Superintendent (via Turnover Coordinator), or ( )LILCO

Startup )

Opecrational QA

Field QC mrm MAY 4 m R lswrynce

- A10954 ‘



ZEOREHAM | o ooy

NUCLEAR POWER STATION €96 wi ““REVISION ‘2o
;_lq UP_FORM 1.6 e PAGE 27243 1T
(' REWORK SUPERVISOR WORX SUMMARY 1
Q.\A GapRezduas ak 4 Qacey
pescarprion or wome: Tock twe Follow
nu:m Askons *S, *{ 1%3&9 2t toa Oisqsvemidyf| Reasseubly
qﬁuf.&t\m Slart Claced en CrRawn_
N \ow
Q‘%\S‘ 9\*2\M— Nﬂa.—.-‘ Goo
’P(a‘co«\ *S' e oo‘( ,00q ooq
COMPONTUTS REPLACED (IF APPLICABLE) : k’l «. 08 «0oq oot =l

.o\ 0 e0q 004 .00
O&") -7 ///5'»/’
Shep 2.3 Urown and Yotk ol A\\\Q‘:‘Rco‘ﬂ v\j
TO anD ©©O 'Qes??d:‘:\:vekj 0 dacum Q:-O

e ——

’1 . CALIBRATED TOOLS UTILIZED:

€.

ADDITJIOMNAL COMMENTS:

32k

rvisnr sxrnatur /Bate

N
L 1] -

A11014

e — ——




: RS - TSeP

L ' e

PISTON DISASSFEMBLY/RFASSEMSLY GUIDELINES
Fiston No. 5
NOTE: This guideline provides piston disassembly/reassembly instructions
following removal of the piston assembly from the engine.

A. DISASSEMBLY

l. Remove the four (4) crown to skirt nuts. Record breakawav torque on
attached sheet,

B. REASSEMBLY

1. Verify the following inspections are complete and do not restrain
reassembly.

Task descriptic® no. 03-341A

a. Release received

Remarks v/ 9/%? Vo 17! Lﬂgﬁ&%( Db Lomed Ao AT RN i A7
/ ~
b. Corrcctive action complete (N/A if not requjred).
o
k7 l'ate
2. Reassemble piston as follows.

a. Place crown on skirt. Measure cnld Bap at peoint "X", (4 piaces
only. See attached copy of portien of TDI dwg. 03-341-7319).
Should be .007/.011. Remove crown.

- Ny \ \
5l L4~ g * (O ’h\KM(kgl'_ :t' ‘J AT
Record Cap :
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| ~ee e (}‘ - fvxf;z’;;zf
M&TE # Cal. Due Datf' r iy
/,/4 g . -
v AT v, 1/ ;54'7/37/
TE XA S g i Date
\{}i_ -
R '..‘(\"f'#
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PISTON DISASSEMBLY/REASSEMBLY GUIDELINES

Piston No, 7

NOTE: This guideline provides piston disassembly/reaseemblv instructiore

following removal of the piston assembly from the engine,

DISASSEMBLY

Remove the four (4) crown to skirt nuts. Record breakaway torque on
attached sheet.

REASSEMBLY

Verity the following inspections are complete and do not restrain
reassembly.

Task description no. 03-341A "

a. Release received

Remarks

Bt =t omn It gy e

b. Corrective action complete (N/A 1if not required).

TE Date

Reassemble piston as follows.

a. Place crown on skirt, Measure cold gap at point "X". (4 places
only, See attached copy of portion of TDI dwg, 03-341-7319).
Should be .007/.011. Remove crown.

5 o, - g(h", QL‘LJQ “1 x;z;ig Ol b / % JLQ.\:
Record Cap

s N
__YeeleR Caap V0
MSTE ¢ Q Cal. Due Date
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.’ i
£0 é’/fi "2/7/ 57
Date
A > . i )
" "’/(\ p g .\,/{ "‘:".’/l’,\ - ) %\J
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PISTON DISASSEMBLY/REASSEMBLY CUIDELINES
Piston No. 8
NOTE: This guideline provides piston disassembly/reassembly instructions
following removal of the piston assembly from the engine.
DISASSEMBLY
Remove the four (4) crown to skirt nuts. Record breakawvay torque on
attached sheet.
REASSEMBLY

Verify the following inspections are complete and do not restrain
reassembly,

Task description no. 03-341A

7
a. Release received _Sél;l//;z(/d,’i

11 ¥4d

Remarks U %%

b. Corrective action complete (N/A if not required).

/

A

TE

. Reassemble piston as follows.

a. Place crowr on skirt. Measure cold gap at point "X", :
only. See attached copy of portion of TDI dwg., 03-341-7
Should be .0uU7/.011. Remove crown.
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See Q{i?‘%ypyuk [t =/ It
Record Gap
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AE,
|

AF

Dimensions
in inches

Comparison of AE and AF piston skirts in the region of the stud attachment bosses.
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1) Design Review (G. Rogers) - Review as part of Design Review

’ Task. Return to Quality Group-a
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inspection information is sufficient
for Design Review Group and no further
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further detailed inspection/criteria,
and add to Task Description "review
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for each component affected.

2) SEO (J. Kammeyer) - distribute for information.
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Design Review (G. Rogers) - Review as part of Design Review

‘ Task. Return to Quality Group a
statement of acceptability (i.e.,
inspection information is sufficient
for Design Review Group and no further
inspections are required) or provide
further detailed inspection/criteria,
and adJy to Task Description “"review
information provided on TER Q-3/0 ",
for each component affected.
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™0 B. J. Youngling
i : LSU Manager '
PROM: €. K. Seaman | B

l . . DR/QR Program Manager

'SUBJECT: RELEASE FOR REASSEMBLY FROM DR/QR PROGRAM
COMPONENT NO. _03 -34 (A
COMPONENT TITLE ToN »
EMERGENCY DIESEL GEN NO. _ Dz :

This is to advise you that the subject component no./titie tor
the stated Emergency Diesel Generator Unit has been released
by the Design Review/Quality Revalidation (DR/QR) Program for
completion of its Quality Revalidation inspections, to LILCO
Start-up (LSU) for reassembly. This release is acknowledged
by the signatures shown below.

N B N
C. K. Seaman v " Note: This release 1s
DR/QR Program Manager applicable only to the

: satisfactory comple-
tion of DR/QR Program -
component inspection
requirements. Out-
standing LDR's, E&DCR's,
Design Review Group Chairperson etc. and their satis-
factory resolution ar.
not covered under this

release. Purthermore,

:/‘3/3‘1 completion of the

o Co er Design Review portion
Scone & Webster Engineering Corp. (SEO of the DR/QR Program
may result in additional
component inspection

. ' requirements. )
L\ cc: W.J. Museler

M.H. Milligan 63
E.F. Montgome A 1)
M.H, lchuurq ok

.o\’o “’m

R. Ewrnaxd
TR, N arvens

e B e el s e e o e e el

-
N



Noveabor 14, 1983

J. M, Kelly
FROM : €. J. Nichaolas

Subject: Trip Report Cn Nondestructive Examination(PT) of Piston Skirt

On November 9, 1987 [ was roqested to virit Transamerica Oelaval in Oakland,
California to witness the Liquid Penetrant (PT )Nondestructive Examination
performed on the piston skirt bolt holes. The extent of the cxamination s
as fdentificd in Engineering & Destign Coord fnation Repart (ESOCR) F-46324
Section Il (Ref, Attacih.l). Attechent Il fdentifies the piston skirts which
are exaained and vitnessed by myself and the resulls,

Surface defects were remuvad utilizing TOI's "Spring Boss, Two Pc. Piston Skirt
Repair roccdure for Removing Surface Defects Observed after Ponetrant [nspection
(PT)* (Attachment III), Defoct romoval was verified by Liquid Penetrant Examtna-
tion of the ground areas, in addition dimansfonal fnspections of the Trust Collar
arca were performed, These inspections were performed by the SAW PQA fnspectaor and
witnassed by myself, The results of the Liquid Penetrant Examinations were
phutogrephed. Thesa photographs will be turned over to QQA.

i i
< }////r//if/,/..f

i

d, ilicholas

E.
Fleld Section Su {
EXi/re " P

cc: A R, Muller -« URA
J. Fasneyer - SEO
M. Schuster - UNICO
R. Perra - S&W FQC OPS

—> Far riLe
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PROSLEM DLSCIIPTION:
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numorous indicativiu an the wachitned arco on PBoss around beolt heies,
refarenee LDR=16.). :
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To cxpeldite the arraval of new piston 4kiris orn sitgy
should it be determinad that new skirts are required, LSY will issue
a purchase requisition for a complewc sot of pastorn skirts, part 1.0,
03-341-04-AE, for cach ungine plus two spares (togrtal-24). Purchasc

. ot new piston skivts in an a risk busis pundirg resulty of failure

. analysis Ly Pai,, and submittal und evaluation of regquired CoCy-
mentesion by TOI. Inspection and Documsntation requirements pov
attachcd pogas o to & .
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I - 8hop Insp-ctions/Verifications:

Prior to shiprnt, the ernuninacr’s inspector shall perform
the inspectiong and verifications as described below. A
Certificate of Conformance t3 sprcification SH1=082 i3
reguired for all parts:

(A) General: y 2

(1) HNDE

Verify all NDE docwsented on Shop routing ledger has
bean performed and resulis acceptable, Verify and doccument

. that NDE proucodurss usced arce the sune as those approved for

use in accordance with SH1-189 originuel requirements. It
any procedure deviatos from those approved under ovriginal
contract (either ravision level o~ altarnate procedura) the
procedura octually used shall becc 2 part of the as shigped
documentation package on a risk basiz -~7d shall La subiitice
to SéW for review. Inspector shall provide a list of
applicable diucropancics (i -, pr..cduie used but not
approved) to SéW Doston dircctly.

Verify that pervoanel ccrtifivd to appropriate SNT-TC-in
levals have porformed NCC @& requircd., : L

(2)  HEAV THEATMLIT

Vorify that any hoat treatwsnt as documentad cn the
Shop routing ledjor has becn performed and accented.
Procedures uscd shall be reviewed for changes (revisicn
laevel or sltornate procadure) fren those approved for uze
under SH1-089. If any procedure deviatas from thoue ap=-
proved under original contract, tho procedure actuall!y usild
shall becoma part of the as shippud rnosumentatiorn pachage oi
a risk bagsis and shall be wubnittcd to SiW for reoview,
Inspaction shall provide a list of applizable discrepanzics
(i.9. procedure used but not approved) to SeW dircutly.

{3) SHOP ROUTING LED.LR SWELTS

- Verify Shop Routing Ludger Sheet has baen properly
filled ocut and cach applicable station task has been per-
formed. Roview in dotail for any nun-conformance or rework
required during the manufacturing-tuesting process. Complete
dectails ©of any auch defect/resolutiun acceptance crituria

~ and final acceptance shall be obtained and become part of

(.the as shipped documentation package on a risk basis.

- ‘Copies of all such documentation, as well as the zhop
routing lodger shall be provided tc SaW Boston for review.
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‘ 2 . (6) NDE TEST REPORTS

& 2

Page 2 ' .
. .(‘] gﬂlp CLEANING SUIPPING/CRATING

The insp-ctor shall review and verify the method of
cleaning, shipping and crating is appropriate and acceptable
.-dn accoxrdancec with 8il1-089,

(5) VISUAL INSPECTION

The inspector shall perform a complete visual in- .
spaction of all parts for obvious defects and/or deviastion .
from the detail shop fabrication drawings. A dimensicnal ~
check of a sufficient number of points shall be performed to
verify the parts are in sccordance with the shop drawings.

All items checked shall be documented. Any deviations
+ should be brought to the j(mmediate attention of the
engineers, ! ¥ g )
Surface finish as specified on the shop drawing shall be
verified. ’ : ! ;

'

All NDE Test Reports shall be roviewed for completeness |
and accuracy and shall become part of the documentation
package. .

. (7) CMTRs (if applicable)

Certified Material Test Roports shall be reviewed for
campieteness and shall become part of the documentation
package. '

:“h .+ 31  Bhoreham Spocific NDE Requirements

t In addition to the Standard TDI piston skirt NOE, a color
contrast penatrant test will be performed on éach piston
skirt by TDI personnel, in accordance with approved proce~
duzes. This may be supplemented by the use of LILCO NDE

‘.

-

o « procedures/perscnnel.
v, i i .
L R The location to be inspected is the machined area on

v, ,+ the boss around the four bolt holas inside the piston skirt,
R 38 with particular emphasis on the vertical blended radii ‘
Wl surfaces, '

: ;

s 8 . The penetrant test will be witnessed by SWEC PQA &
S V) LIICO FOC. Acceptance criteria will be per TDI procedures .
L ‘3” LILCO procedures as applicable, however linear :
e indications will not be accepted without SWEC Engineering '
' hf, spproval. "All indications will be mapped by LILCO rQc
ol personnel, clearly identifiable to the piston in question,
" -.- . .
. o ' e
r &
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II1 DOCUMENT!?ION |
(A) The following documentation wil.l be included with
the shipment:
) C of C t¢ upecification SH1-089
2. CMTRs if applicable
3. Hoat Trecatment rocorés
4. shop routing sheets
.. 5. Results of MPI
s “aft . . ’
£ : (B) Documentation to be supplied by TDI, following
IR shipment: ., = . 3 "
Tyt et % 1, seismic qualification per SH1-089
3 T3 T e T -".;)‘y‘,;.;- 2. 1EEE-387 qualificationjanalysis or testing
,'r,n _‘).",';o.. o & :', 3 :‘-'. .”' ;3 ”r ..ctioh '5...‘. !
'.‘“" "o‘ "..,"':‘,.“_"' N oo .‘,: ".30 - Inst. mn“.l..xn..n.o
% ..‘«g-’g-;c:’. e e g b Noaconformance & disposition records
BOTRE R v e e 341-AB piston service history. To included
o, s ¥R g R details.of both shop testing ard field
Fo bto:ory ‘(number in field, cperating hours,
L& d . ete).” ’ :
Nyt ' 6.  TDI to perform review and document the
R TS » . effeacts, if any, of piston skirt changeout on
fr g,y . the ability of the unit to achlave rated lecad
a‘ “ . and speed in the required time, and on the
SHe " ' . "Torsional end Laterial Critical Speed
e 3 :Analysis®,
c;':'.\:... L ] ' i,"‘ ‘_.‘_',.!- .';.‘f'», o5 ’ " ).
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ATTACEMERT II

Heat No.
8273
811J
9373
9373
104K
104K
181K
181K
200K
200K
200K
200%
205K
205K
205K
205K
256K
256K
256K
289K
289K
289K
298K
298K
298K
298K
312K
312K
312K
312K
312K
T12K

- ?-__'—-¥

Accepr/Reject
Aczept
Accept
Accept
REJE
RCJECT
accept
Accapt
Accept
Accapt
Accept
:ccop:
ccept
REJECT
REJECT
REJECT
Accept
REJE
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept - .,
Accept
Accept
Accept
Accapt
Accept
Accept
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1) HaD GRIND EACH DEFECT WITHIN BOUNDRY LIMITS CAREFULLY
REMOVING ALL SHARP EDGES WITH BLEND RADII.

9 2) FINISH POLISK ALL REPAIRS WITH "TRaATEX #1350C" GRINDING WHEEL. =

3) Do NOT VIGLATE /32" LIMITING DIMENSION SHOWN FOR THRUST COLAR
SEATING SURFACE,

4) Do NOT EYCEED /8" LINITS SHOM FFOM'CAST SURFACES, -

.
m-
1) MATIPLE DEFECTS MAY BE WTELY REMOYED BY M GRINDING

ENTIRE LIP WITHIN BOUDRY LINTS, -

2) Use TE SANE GRIND AD mwmxuunm
SPECIFIED FOR SINGLE m@

- -
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DROER  3:0. 7160083 b -
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DDD F77679/T.Brown | 11/10/83 310552-32

TERMS * FILEND

JRANSAMERICA DELAVAL, INC. [Jwevooavs [ morooars
550 85th Ave.

?.0. $ox 2161 e “ALL CASH DISCOUNTS ARE TAKEN STARTING
Dakland Talif. 94621 O et e
1415) 577-7400 AFzgr

Joewenes  Shipping Point [Jvoumotimeny  Air Frefght accarimnct o
SOOM § SMPPInG ¥ AOMISE VENDOR'S QUOTE AEF L mENCT TO T™E TEAMS anD

rtial - November 12, 1983 e
alance - November 30, 1983 JTelecon of November 10, 1983

SIOE HEREQF Tt
AP TOAND SEND ACKNUWLLDGIMINT AND/OR SMiPPIN, st ORMATION TYPED MaTERAL
— LONG SSLAND LIGHTING COMPANY AT MARK: 3] 0552-32 :2;'::'42‘:::
WSTARUCTIONS AND
SATERIALS
ATTACHED mER "Q

o
ASE

DESCRPTION ~ascoos QUANTITY
ORDEAED

CONFIRMING:DO NOT DUPLICATE-START-UP

Modify our Purchase Order 310552 for Diesel)
Generator Sets [Spec. 1-089) for Shorehan ‘-..ug
duclear Power Station tnit No. 1 2o incorporate _ 11°¢
the following additfon= -'/,_—UT"-J 7
\ f ?
1.)  Piston Skirt P/N D3-331-04-AC ?. A -Cg'lf ¢ 26 $6,323.00/¢
' ‘l - .
2.) Thrust Collar P/N 03-341-04-AC L ’ 104 _ 35.95/q°. ¢ ;} wl/l‘o:.
- " /e
3.)  Spring Guide P/N 03-381-04-AF 104 53.60/da.c 4 /)3
“C wufre

4.)  lock Tab P/N D3-341-04-ad 104 6.90/da. v 11),.7
o 1 lie

-

5e) lock Pin P/N GC-023-000 104 ea, 1.00/4

' \‘a'

6.)  Cotter Pin GC-002-055 L4 (10) € R we 100 ea. 1.00/60. 00 1.2

7.)  Stud P/N 03-341-04-AB 108 ea.|  86.55/da. LM 1)z
| MO ulwe

lertificate of Compliance s required to state 3 e
the material supplied 4s 1n accordance with REHAM NHC.;AR POWER STATION

‘ - SH1=089, PQA 1 b | i 1
ig:cite: p P1stog Skﬁgfc“on Y e A‘ PP R O V [ D

Q.A, CATEGORY: 1 , .
LILCO ESC-7D detailing reporting requirements under - 7 1983
J0CFR2) attached hereto forms a part of this order.

FIELD QUALITY cO

B/ CXTRACOPIESOF PO 10
VES (FC8874) DATE Bycortracten pRosECTS ﬁ i
MONTHLY REPORT FORM PREPARED L NOT REQUIRED [-NSURANCE D1V . {‘

[[] PrOPERT ¥ RECORDS
[0 AoMiNISTRATIVE SERY
[J ofrice services

] eENGINEERING

P TAX

€PO RECORD - CATEGOR Y

8PO EXPIRATION FOLLOW.-UP DATE
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PURCHASE
ORDER

HHICKSVILLE,

-WD LIGHTING

ANY.

11801

OESCMITTION

-

POA inspectionllbcmnutiou requirements in
accordance with EADCR F46324, copy of which 1s
attached

IMI JRTANT This order 1s 1ssued subject to the
following stipulations:

Nothing in this Order or Supplement shall be
deemed to release or prejudice any claims or
causes of action (whether 1n contract, tort or
otherwise) or o waive any prior rights or temedies
that LILCO may have against Transamerica Delaval.
LILTC expressly reserves the right to pursue any
such claims, causes of action, rights and remedies
that 42 may have, including but not Timited to
damages or claims for refund of monies paid pursuan
10 this order.

211 other terms and conditions remain the same as
stated in the original purchase order.

COPIES ONLY:
TOTAL ESTIMATED LUMP SUM COST OF THIS ORDER THRU SU

TOTAL LUMP SUM COST OF THIS SUPPLEMENT @ v = « « «
TOTAL ESTIMATED LUMP SUM COST OF THIS ORDER TO DATE

TOTAL AUTHORIZED VALUE OF THIS PURCHASE ORDER . . «

~ascoos

QUANTITY
ORDERED

PPLEMENT (31, . . |$4,953,664.80
b onia 4 e s kel S JSNANID
TR W, | T, A T
« o ol e s|2,173,000.d0
|

|
SHEET 2 OF —-1 ,310552-32
0

Rl g e B
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£3210.498 PAGE | OF 4.
s + STONE & WEBSTER ENGINEERING CORPORATION . 4
. -
+". "ENGINEERING & DESIGN COORDINATION REPORT  [®. L ira0s
rl(UECT /CLll’l.T' SHORL WA Hut LzAu m-wt u STATIONUNI Y JOB NO. .
LONG ISLAND LICGHTING COLAPLNY 11600 N2
RCTERENCCS: = 5 7% b
LOR~ 1&// 43 458
PROBLEM DCECRIPTION:
¥ Inspections performed on piston skirts for Enginc 101 reve:le
numerous indications in the machired arec on Boss around bolt holes, .
reference LDR-1811.
| TELECOPY (/7
! (REQUEST Nt e,
! Sunt:
;Rcv'.l
Regues'ed Ly: «* ",‘ S Lept. or Dv. 1«2--.;.:- T't-ch'; .: -: ?. -;", 8y i
il o=l - //l -o. o ,’,--:' I,- . ’El.'\ - St ',' 2 l o — .
—-—-—— L J P b +- A S-SRy o~ & b
SROCLIM SOULSTIoN:
Wi
To expecite the arrival of new piston Clirts on sitey
shovle it ke datarmined that nev skii are required, LEU vwi) issue
& pusenize renulsillich Suf A ensgicie Bel. of pistor sxtiste, rorl oo
{ 033 =iilalE, O Lovi €rane plvs o0 8P es (tothl-28). Icidiiad
f of rec dztoy Zka bt 3o on & rask boedx pondicg resulis ol tnidnre
{ anaulysie BY ¥, and sttt evaluwtion of rcovired (... -
] wentrt or by 0T, Inspccticn wnd NDacorentulion regudrenshty
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Attachment to D&DCR F-46324 “*-.,“' —l s

Page 1 Sate

I - Shop Inspections/Verifications:

Prior to shipment, the enginecer's inspector shall perform
the inspectious and verifications as described below. 4
Certificate of Conformance to specification SI1-089 is
reguired for all parts:

()  General:

(1) IDE

Verify @il UDE documentcd on Shep routing lcdger has
been performed and recsults.acceptable. Verify end docum.-nt
that NDE procedures used arg thc same as those oapproved for
use in accovdonce wvith Sli-0&S criginal reguiremonts. ¢
any procadure feviates {rom thuse approved under origan. !
contract (eithers revizion level or alternate proece=dure; tic
procedure cetyvelly usced shall beccre part of the as shipgro.
cosumentation package on a rick bacis and shall be submiteed
tc S&W for xeview. Inspector chall provide a list of
aprplicable discrepancies (i.e. procedure usecd buc not
approved) to SaW 2eston diacconly.

Verify thst porsonncd eartifica te appropriate SOT-TC-12
Bveld

R PO O Y = et & ¢ 228
s heve poilerta BDX 27 roequlied,

§2)  ESTT pubae iep

- ——— - ——————

Verily that avy hor treclaent as documenied on Lhc
shop reuwtiue lodger “ag Loeen povéoridd aad wocento .

§
Procedures o0l ghall Yo rev.zwed fov ahenges (veirion
level or &l aonate voveaourea) [ion theoe epproved for vee
under SiHi-0L%, Il ar; psoceduce devictas 1rom thuue ale
proved 1hoer spiginnl contruct. the progedure actenldls win
ehitll DBec. . » wnre 02 82 ok ol ippad lecument s ticy pagii g

¢ Yisk bovis end 3haltl Do subtitied to SV

. . )
Inspection :Lail paoside a lirt oz apgzlical)
{(i.e. procedure uged bul net approvew) Lo Ssw directly.

(3) SI'OP ROUTING LIEAGET SLER'S

Verify Shop Routing Ledeer Shoeet his besn properiv
filled out nnd cach ecppilicakle ctation task has been peorxr-
forrned. nevicw in detall Lor any nop=confcamanes Or yewor:
required durirg the manufacturing-teataing precons, Conmalete
details of any such dufect/rcsclution acceplance eriterio
and f£inal vcceoptasnee rhall be obéaduecd ond becors part of
the an shirped decumaniaetion packvde ol 9 rish Losis,

Copice of alil such documcntaction, og vall as che s
routing lodger shail be providoed L9 344 Dostor for ceviow,

v N iy e A vt VBN L e T s e Do S B W= & SO + B i SRS B B IS P o BB SR | et
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e o CHMENTTO € u DCR #2632,
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Page 2
(4) SHIP CLEANING SHIPPING/CRATING

The inspector shall review and verify the method of
clecaning, shipping and crating is appropriate and acceptalle
in accordance with SH1-089.

(5) VISUAL INSPECTION

The inspector shall perform a complete visual in-
spection of all parts for obvicus defects and/or deviation
from the dctail shop fabrication drawings. A dimcensional
check of a sufficient number of peints shall be performed to
verafy the parts are in aceccrdance with the shop drawinge.

All items checked sliall be doruinented. Any deviations
should be brought to the immedicte sttention of tha
engineers.

Surface finish ac specified on the shop droawing chall be
verified.

(6) NDLC TLET REVCRTS

All FDX Test keoports «ru))l D¢ veviewed for =~omrpletoncun
end peeurzey and shicli pzecne paErte of the decureintation
iackago.

(7} CitRs (if cpplicuhle)

Certified Maiczinl Test Reports sh=ll be reviewed for
complctaiess and Zhall havore pit ©f the Cocurentation

package.
b 8 o Sherehawy Ssaeific WDE Neagniromant:

In additicn Lo the Standard TIY piston shirst ULDD, 2 culor
contrast penatrant tost wills be perforned on covh j.ston
skirt by TUIl perconncl, in accerdaace with approved proca-
dures. This mcy be supplasented by the use of LILCO LR
proccdures/personnsl.,

The location to be ingpected is the machinadd arces on
the boss around the four bolt houles inside the pistorn shive,
with particular emphasis on the vertical blended racii
surfaces.

The perotrant test will Lo witnesrsed by 8.0 MOA &
L1LCO FQC. Acceptance crateria will bu per TD1 . wowdures
cr LILCO jmocedures au applicable, bowovs=r linca.
indications will not be accortoed withoul SEREC Ingirooving
approval. All indications will b mapped by L1100 FQO
personnel, clearly identifiable to the piston in quastion.
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111 DOCUMENIATION

(A) The following documentation will be included with
the shipment:

b C of C to gpecification su1-0894’
- 2 CliTks if applicallc

3. Heat Treutment records

4. Shop routing sheetc /

Se Results of MPI

(B) Docvmentation to b2 :npplied by TPI, following
shipront: '

e seismic gualificotins per fli-089

2. ICEE=307 qualificed lunjanalynis or toesting
per Swctivn £.4.4.

3. Inst. kanungl) Ireecis,

4. wonceaferpinse & dlspetition recodrdn

3. 341-AT riwteorn scorviee histery. 70 inciuvced
detaily «f beosh ~hop Lesting and ficld
history (nurscr in field, operating houre,

etc).

6. THI Lo pariovie roview and cocurwnt the
effocts, .25 any. o pigven ghdrt changoous o
the abili:r of Lo undt to achieve pated leoad
and gpect u Lhe refguired tune, end oo the
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CERTIFICATE OF COMPLIANCE

REFERENCE PURCNASE ORDER Wumper: /05 52 ~32

SPPLIER:_ Zmnsansce Lhw/ Zoc.

WE MEREBY CERTIFY THAT THE PRODUCTS OR SERVICES FURNISHED ON THE ABOVE
REFERENCE PURCHMASE ORDER MEET THE REQUIREMENTS OF THE APPLICABLE DRAWINGS

AND/OR SPECIFICATIONS. SH ) -8F

[ 7 PARTS LISTED ON THE ATTACHED PACKING LIST ARE SPECIFICALLY COVERED
BY THIS CERTIFICATE.

a? PARTS LISTED BELOW ARE SPECIFICALLY COVERED BY THIS CERTIFICATE.

[ 7 DOCUMENTATION (M MANUFACTURERS FILE TG BE SUBMITTED AS REQUIRED
AT A LATER DATE.

7 mmnnnwmnlmmn SEPARATELY.

Wnu % g 44-04 ~AE \siane tuaL o OR BETTER
Thn THAT WNTCH INALLY ORDERED.

Z. L ﬁ%&&g | .a%”,?!?@m //'//'f‘i
TRANSAMERICA DELAVAL, INC. REPRESENTATIVE DATE

s Ao

« CUSTOMER REPRESENTATIVE DATE

TYITNN YIV0 ITYHINNY




v oous g

gt bl b b California 94821
R-33615 (419) 677-7400 Torpn 335304
(AR TO: 5415 ) (e 10: =

LONG ISLAND L IGHT ING CO,

C/0 STONE ¢ WEQSTER ENG, CORP,
P.0, BOX 604

WADING RIVER, N,Y, J1T92

LONG ISLAND LIGHTING CO,
SHOREHAM NUCLEAR POWER STATION
172 Mie EAST OF WiLLIANS FLovp
PARKWAY y HIGHWAY 25A

SHOREHAM, Lol, NEW YORK LiTee

CHG.

REY. 0)-})-09-83
ITENS 1-64 ADD
ZUST, P.0, ¢ KoQe DATE,

CHGo
ITER 7, TATAL,

INVOICE CUSTOMER FOR SREIGHT

—

104
104

26
194
104
104
100

03-341-04-acC
03-341-04-a0
03-341-04-4a¢
03-341-04-aF
GL-023-000

03-341-04-48 [STUD
6C-002-00%

LOK-TAD
SKIRT

HOWVE WA -

COLLAR, THRUST

GUIDE, SPRING

GROOVER, Pj
Tu

COTTER PIN

ACCOUNT ING

boH

‘('({) “ \

\fnﬁjt \l ‘

03201 N-34%-3

unuen
k R-33615

OUR wUMBER

D¢ 47

,07300.0
77,60
164,398,00
51574440
104.00
¥.,001,20
100,00
‘.3"“.00

LP ol reguistons and or

mmwmm'mmmmm
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STONE € WEBSTER ENCINEERING CORPORATION
QUALITY ASSURANCE DEPARTMENT

r-3P8a- PRODUCT QUALITY CERTIFICATION o -
- [PumCHASER J.0. PLO. NO. CHAMEE NO
M&WMM —
PROJECT SPEC. NO. REVISION ADDE MDA
e Ty -FF |2 f-u-L3 A//¢
SELLER/ADDRESS
EEO TS5 s srE
7. : £2C, /._/L O s A P S/
DOCUMENTATION REQUIRED - OA CAT. SHIPPING RELEASE TAG NUMBER(S)
vesBI  wo[J
%, / L7257

=
| HEREBY CERTIFY THE PRODUCT (S) IDENTIFIED NEREIN MAVE BEEN INSPECTED 1% ACCORDANCE WiTH
SEW PROCUREMENT QUALITY ASSURANCE REQUIREMENTS AND ARE ACCEPTABLE FOR SHIPMENT.

CHECK BLOCKS

AS APPLICABLE

B AUTHORIZED DEVIATIONS AND NONCONFORMANCES HAVE BEEN NOTED BELOW.

B ALL SPECIFIED SUPPORTING DOCUMENTATION HAS BEEM REVIEWED AND FORWARDED T SEw
PROCUREMENT QUALITY ASSURANCE FOR DOCUMENTATION REVIEW.

DOCUMENTATION PREVIOUSLY SUBMITTED.

[[] DOCUMENTATION TO REMAIN IM SELLER'S FILES.

ITEW NO. QUANTITY
3 Pl @3 =3¢/~ 0¥ -RE — 5 Z

AT Ao Ssc3

/. SooL Frs
e <Zoox A~y
J. oo VP

¥ P2V C X
S i3y D¥F2

é
7
f

- LI/ A7/7c
coot 4
oS54 A JFs5

NAME (PRINTED) g[fa/,«‘y”c, / . % . ‘
NAME (SIGNED) &M DATE /#&L/ 27 in w02l 05862 P00/

wéft’o;n‘uo%ﬂons '2;0 ?‘2’3“52 A D‘fd- //- 7- }'3
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£

SHIPPING RElEASE TAG

[ erec.oate SPEC. NO. ADOENDA THRU NO.

[ saLen on CONTRACTOR

4 Q. NO. P.O.NO.
\ vcao &7 Fwosse-32 |
rEsel Cnsalr et

/-%-L3 |\ &7 S—

Ll ons o Tr Gl §

EQUIPMENT OR MATERIAL LISTED IS HEREBY

RELEASED FOR SHIPMENT:

QUANTITY. L e,
DESCRIPTION
V. & Ll *
‘2o £E/5
z_2ook £ 24
4_24% F/Xx
x_zz_T cEL
£ 237 D#¥S
o L& K =/
7l A Ecl
l OS5k I35

P reQuIRED DOCUMENTATION IS COMPLETE

u:z: . » —| 1w
4 /,




ﬁ",. ;'.'.' . .. . . - : .
~ ISSUED Ta.: 0aTE

¥ ooa inseecten_ 7 oo,y oaTe__ 11 /pa fe3 g ?

s e ® - - #
, Xﬂm&tmﬂfr;_ﬁ_&a“o/ CL LY N)sp tr08
“Po. " ' .

- ITEM NC. | QTY" . . DESCRIPTION . [cc:aqp‘ Io

(
P.0. N0 30552 ~32. f[so. ne. £226 77 oF ot D
NENOQRZEA-BAMG ecH _ DzcAvA- .
SHLPPIR T3 Ammuccn sty ( SHIPPZRS MO -3 /T

0ATE REC"o__ LD enzcksd av BBy 11 vo. Ol
SHIPPED VIA. Sy TlE AT - :
PRO 110 (o 30/ Ho0 NO. oF CcTns__ 2 TWEIGHT R, 688
STORAGE. LOCAT LGN .= STORE REQ NO

/|7 | Fitaw scurplii-3¢-o4- A6
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PO o vy

PrrpTRgT—




.- ——— . o — o —— - —— - —— ey . S—— oo w——

.|_,f- LN e .'...-‘.. “.- ..,.\, ' 2ed” .'“',.' Qs " v - :"‘_.-
- 3 - » ® afe Yy 0 .
._‘ »w.;,‘;' "'Isva....r..-w - H‘ﬁf" ANy N
. ‘._ﬁ‘-_o‘?" Q \¢.~ 'L --\; \c"‘ CRRSAS Y
W e ' -‘.-~ .~ .‘ \__ » e T Ve N

ot Lk oSS0 e £ - . a

‘e % ol B ath S0 o 4 - -2t o P Y o
e 1 *—L J“N“ Y-8 ----3"'\4-,“";:'.)‘?“‘(‘ "N~‘.t g AT g A o T Aje <

:g;&ﬁiﬂdw*w%}w

"
v S

' \

-

l.v¢ > e o e e e ..\v? § V .::3' ? ,-:"w‘:'i: 2 ¥ }‘ e d'""" J ;.‘ “'f“‘ : g
. b b 3 Y . .‘ S i l.“""..\ el & sl )
2 v iy < s Ao
K au e o, W gt rr:— o 3 z‘,,'s}?ﬂ‘b-.‘\ - e
RN~ TRV TR e f:-.‘. .;:;"'7.\.‘;;.&.'- .'-:".:
— &
N IE P
;gﬁ . (pommans A om oM '
|-
Ik E
= (HERYak 3 o § ! '
'b~ ;r‘.'. -
g g -«5 :a U .Q ST o
o il o k2 S S LR
=3 CF 3 - KL ‘& We L.
" oN - - -
c«.- ;xmt 5 i y = = - "-‘,ﬁ“ﬂ'
: '—i s z N Qo o
“ s Prmne g8 B2t 3 N ws o Qs < ¢ o ol AP
..-' .. /t ﬂ\-‘."‘.-:"" Ry © o A a0 - » ' 8 ' N W -
R N . ; b ! 2 L 7
i A st o :3e KnEE
i e ch s - g o T €3 Of- =
3 ik '_-\“.:.‘...' o ARG il o M A iy
% «ﬁd-,wuxu-- 18 s - N
LS o Fil ool 8557 388 RSN
'—r. P
win’ 3 va g ! ¢ .
1 3

.- -d--‘f‘ S > -*v,. Q4w o vy . . -
. ' % s dld ety 2 e N et m g NI A W L ol
- - el . 0N . .'. »

F-4Y L3249
'}

In

-1

wEL

F§7, F 58

3 ﬂm«fcru W«M&/

Wea Pston Kt i 03 391-09-AE

[ o, ‘..':.'
-
m " .
.. "* ot
© _— “ e aifary
> ; e N v g
w ..., - - ;
2 L] A -
-~ »
-

SHI-
I

- S, 5 :
Tl e P 1o %o R - W~ g o AT il I . .'* ’ ?
g’ \: 'J\,... .yN o e PO i AT N (_...:.’m . ; :
o, " ‘e \ TR g X 5 i g |
e - A L . L TR T_-" Y Y P —

NOILIONO?D |
NOI LY LN W00 |

be p o —

: NOILY DI A AN

» F ES, C 39

~ v" e gn s . 243
..“ﬂg&,fz‘*‘-\} ~“‘.‘.'.¢ er > ‘.'..,"(.;‘w QX

FOR CONSTRUCT
1y
3
-
1
*,

56336346
FSe
.'
TED
r
«W
T

PO 30552-32 77¢.m
v

T€S

T

5.8

492

Sar

“ “*Cw TR IS A 3, , . g —
“-‘J - s " * _.\.. & » by VL 7 .\., *M‘:a“g; 2 '

Py ot L -
de'ter ) 'Ly 9 NS G
[ A
¢ | &t »
ot g
L R -
o IRA S
.l:‘ - Y
BN A A= 5 o

’ O el ; . o - e . e - L —



&3 75 L,
( @P/fm//,/é)
L L O g)ﬁ‘,

CERTIFICATE OF COMPLIANCE

—WWMI

REFERENCE PURCHASE ORDER NUNSER: 3 /O 54720 ~32

w"t'mw.zéﬂ.

WE WERERY CERTIFY THAT THE PRODUCTS OR SERVICES FURNISHED On THE ABOVE
REFERENCE PURCHASE ORDER MEET THE REQUIREMENTS OF THE APPLICABLE DRAWINGS *

AND/OR SPECIFICATIONS. I —

PARTS LISTED Ow THE ATTACHED PACKING LIST ARE SPECIFICALLY COVERED
BY THIS CERTIFICATE.

PARTS LISTED BELOV A SPECIFICALLY COVERED By THIS CERTIFICATE.

DOCUMENTATION In MANUFACTURERS FILE TO #E SUBMITTED AS REQUIRLD
AT A LATER pATE.

BOCUNENTATIOM ATTACHED/SHIPPED SEPARATELY.

’JEmMm3
T wunsir(s) 2F- 3 -04‘-45'0:“:: EQUAL TO OR BETTER
THAT uo(l‘ci VAL ORICTNALLY ORDERED -

=
__QAQ_‘_Z&W :;fll‘m LAY 5 f <
BT DATE

TRANSAMERICA DELAVAL, INC. REPAE

ke

CUSTOMER REPREN, ITATIVE




/

. 7 STONE € WEBSTER ENGINEERING CORPORATION

, QUALITY ASSURANCE DEPARTMENT
i PRODUCT QUALITY CERTIFICATION T
PURCHASER J40. PO NO. CHANGE NO.

W@W%&T‘%&L
MM; 2 - 772 e 1 L%
’ S50 Pars S

) wd i,

REQUIRED QA CAT Ll REL BER(S)

vesil  wo[J

SELLER/ADDRESS

A 3 L
D UME N

-

| WEREBY CERTIFY THE PRODUCT (S) IDENTIFIED WEREIN MAVE BEEM INSPECTED v ACCORDANCE WiTh
SEW PROCUREMENT QUALITY ASSURANCE REQUINEMENTS AND ARE ACCEPTABLE FOR SHIPMENT.

CHECK BLOCKS

KT AUTHORIZED DEVIATIONS AND NONCONFORMANCES MAVE BEEN NOTED BELOW.

B ALL SPECIFIED SUPPORTING DOCUMENTATION WAS BEEN REVIEWED AND F ORWARDED TO SEW
PROCUREMENT QUALITY ASSURANCE FOR DOCUMENTATION REVIEW.
[C] 0OCUMENTATION PREVIOUSLY SUBMITTED.

(] DOCUMENTATION TO REMAIN IN SELLER'S FILES.

ITEw wo. ANTITY
o Al O3~ Qv #E 7 o

G Ao AT S

Gry = d/¢x
GIy = J2&
G ¥ - X
Gz - 2l
& / -— P
17 - ik
~~3r/ - CSx
£ = <&SIX
A7 - Slx
£ / - il re
ciy - Y e

NAME (PRINTED! M__ TiTLE W&‘&_

NAME (SIGNED) \42&.2 oare LA LE . wwodlesie e /L
AUTHORIZED DEVIATIONS AND NONCONFORMANCE &
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Ul'MINT OR MATERIAL LISTED IS HEREBY
D FOR SHIPMENT:

\ e
(] neaumen oocumentation 1s COMPLETE
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- QA INSPECTED DATE 73
P.0. NO.T/O S S 2 =3 3Re0. no. /'77(7,90; 7-/4»6“—4/ i

. VENOR__ZEANG. S pelrcf. DE LAV &- k
; sm»mffﬁﬂf Br. e AP oozas o 07355? f
'DATE Ric" o/~ /F ~&. CHICKED av 07) ma NO. @ T o¥7 b
SHIPPED Via, A LEE) R /4/40/ wves o -

aa/

- ————

T PRO M0WS4D
STORAGE.
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‘St SEsF 7P 0. o CINS_& WelHT T TS,

LCCAT 1N .= STORE REQ NO
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-m- iransamericd S T - : TAG
Oelaval PO. Box 2181 R=33615

"3*‘5 (419) $77-7409 7*’”&-‘1 oun NUMPER v
= p 11709/
WA TO: v m SHIP TO: e . :
| LONG JSLAND Llcntluc co, LONG JSLAND L IGHTING CO, Ls MCHUGH
I C/0 STONE & WEBSTER ENG, CORP, SHOREHAM NUCLEAR POWER STATION Pl YA
| 2,0, 80X 604 172 Mle EAST OF WILLIAMS FLOYD 11-11-83
.uomc RIVERy NoYe 11792 PARKWAYy HIGHWAY 25A
_ SHOREHAM, Loly NEW YORK 31786 'W
| ' NET 30 6Ais
! LU ! -
C’m - P C”m -

FACTORY OAKLANI
WO AT

B o
55508 |491 |20 25 58

“
YES_INO_[PPD 06 MIR FREIGHT

(wew | ary-_ |50~ paRT vuMBER . . i eary: o OESCAIPTION - A it ed. |, SCMEDULED | - UMITPAICE.. | OTY | ORDER | Box NO. mmc
% ’-’!-";:‘.':;‘ ‘;a; ._S.;.- "1-)‘;:6,"_ J"-"'-“f':':.'*".',:"L'- ., = Ly ;-(_‘,._:,,.h;.lt_.;:ag > _DATE '..v,b:v.;':_ *'.3' L‘-.:‘."m m; g A:_q‘.‘ ' i' i
r INVOICE CUSTOMER FCR FREIGHT
* 3 96 |03-341-04-AC |COULLAR, THRUST
| 2_|* 96 |03-341-04=AD_[LOK~TASB | DO U e, m__*__-
T3TT 2410334 )=-04AE |SKIRY T T 0T o . JF"
! - 96 |103-341-04~AF |GUIDE, SPRING // Q 3"‘ !3 R
| 5 96 |GC-023-000 GROOVER, PIN
i 6 96 103-341-04-AB |STULO
iy T T |ACCOUNTING INEORMAT IGH - Y e
65,201 N-344
| \ ~ —
X A o - . ,

: : "
i A o ]
v ‘

Yo harsy cartly et hene ooy wery procuced in complance wih ot applcets rauirements of Sections 8.7 snd u....r.m..wm.m.n

Le dnﬂm«:; mmsmozmmatmmmsmmunw No“m e m&ummmm i}
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REFERENCE PURCHASE ORDER MEET THE REQUIREMENTS OF THE APPLICABLE DRAWINGS

AND/OR SPECIFICATIONS. SH - 88

B-336/4

PARTS LISTED ON THME ATTACHED PACKING LIST ARE SPECIFICALLY COVERED
BY THIS CERTIFICATE.
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# . !2!!
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vesi I wo[]
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| MEREBY CERTIFY THE PRODUCT (S) IDENTIFIED MEREIN MAVE BEEN INSPECTED 1% ACCORDANCE wiTw
SEwWPROCUREMENT QUALITY ASSURANCE REQUIREMENTS AND ARE ACCEPTABLE FOR SHIPMENT.

CHECK BLOCKS
AS APPLICABLE

EAUTNORIZ(D DEVIATIONS AND NONCONFORMANCES MAVE BEEM NOTED BELOW,

ALL SPECIFIED SUPPORTING DOCUMENTATIO® HAS BEEN REVIEWED AND FORWARDED TO SEW
PROCURZMENT QUALITY ASSURANCE FOR DOCUMENTATION REVIEW.
(] 0OCUMENTATION PRCYIOUSLY SUBMITTED.
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Boston, Mussachusctts N2107

Attention: Mr. 5, W, Wakefie:id

Subject: Sherciiar Nuslear Powsr Ststion - Unis
Standhvy N{eel] Generstier Sets  TaNl 1o
Lone isianl Lichtins Company
WORD-48923

Rference: Certificatv of Compliance - cranksha“t replacements
vour fettoer dated October 20, Jue .,

(entlemen:

Flease find four (4) copicvs of our Certificate ~° Comrl:ance fer
the recent field modifi-ations to vour eagines. A part of :he
certificate of compliance, we have inc.udod back=:u» 4ata ard
fustification comparin: the orfo.nal a: 2ajivavres Semponente cith
that o the re-licomen® comnoaers

sticuald von have aquecsticns or UCATENLS, D@2 ¢ TeQl froee to contacee
ue .

very trulv vours,

TRANSAMERICA DELAVAL IV
TTANEA RI.'\JIJ\'\' NOTED 224 P
=nzine o Compressor Dict | a AR AU LU aeeme

A~ A

John V. Gee
Protect Encineer
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CERTIFICATE OF CUMPLIANCE

SPECIFICATION NO. Sk1-89

_Stone & Webster Engineering Corp.

FOR Shoreham Nuclear Pcwer Station

Unit #1 Long Island Lighting Company

Long Island, New York

SUPPLIER: Trarsamerica Delaval Inc. - Engine § Compressor Division

COMPONENTS: Emergency Diesel Generator Enpines fitted with:

3
24
24
4“8

ea.
ea.
€a.
€a.
ea.
ea.
ea.
ea.
€ea.
ea.
ea.

1A-7046 Crankshaft Assembly

03-341-04-AE Skirts, Piston

1A-5718 Con Rod Assembly

03-340-05-AE Shells, Coen Rod

03-310-03-AE Shell, Rear Main .080" 0.S. on 0.D.
03-441-01-0P Pipe, Cvl. Head to A/S Manifold
02-390-01-0J Rocker Arm Shaft Bbolt
AK-007-000 Coupling

03-402-04-AA Coupling Adapter

03-402-04-AR Governor Drive Coupling

102568 Idler Gear Locknut (Ficld Reweork).

We have reviewed the above drawings and made comparisons to those
originally supplied. Since the cngine generator svstem as originally
supplied was covered by a Certificate of Compliance, this document will
address only the above listed parts.

As detailed in the attachrents, we conclude that the new components
either rectain or improve on their functional and seismic adequacy over
those originally supplied. The attachments consist of eleven pages.

AT (forg s DI

"Reland T.M. Yang

Manager, Applied Mechanics

g 5NN |

Date ;?"‘ "‘?,t'

#C.8, Tfussell

Manager, Engineering & Customer Service

NOTED 55 2 A ANTEL

- —



T Transameqica Engine Calculations | 700

nala“' ENGINE ASSY ND
COMPARISON OF AS DELIVERED ENGINE COMPONENTS VITH swegy | ©Of 2
REPLACEMENT ENGINE COMPONENTS :
¢ - January 9, 1684
TARY NO.
PISTON SKIRT [ Pavid Beck
The engine components compared will be Jenoted as:
01d = As delivered engine components
New = Replacement engine components
0ld: New:
03-340-04-AF (13-341-04-AE
Wall thickness at ring grooves: .75" Wall thickness at ring grooves: .97"
Boss radius at piston pin: 4.375" Boss radius at piston pin: 4.5"
Pin bore hardness: 217-270-BHN Pin bore hardness: 255-293 BHN

Material is the same for both piston skirts. Changes were macde to improve rigidity,
reduce stress and facilitate casting:

Section C-C on drawing 03-341-C4-AFf shows the boss outside radius to be
4.1/2", (from 4-3/8" for the old cezign). This was done to climinate the
rib in the old design and still maintain structural integrity.

Section Y-Y on drawing 03-341-04-2F shows the increased "Tie" between the
bolt boss and the skirt., This wac done to imorove the bolt boss rigidity
and reduce stress concentration.

Section C-C on drawing 02-341-04-2E shows a tarere” rib to the left of the
piston pin centerline. This tapere¢ rib wa:s added to improve the rigidity
of the piston skirt.
The nodular iron skirt has passed through several design changes. TRz following
identifies and describes several design iterations of the piston skirts:

1. "AF" piston, 03-340-04-AF
a. This design was supplied in the LILCO/Shoreham, Southern California
Edison/San Onofre and Mid South Energy/Grand Gulf engines.

During field testing several "AF" modified skirts at LILCO were found to have linear
indications and one wa: found to have a crack near a stud tore. This crack findin

is the reason for our 10CFR2]1 letter of November 16, 1982, At this writing, four ?4)
skirts have been examined at Grand Gulf where linear casting indications were founc on
two (2) skirts. The indications were easily removed by lignt grinding and polishing.
There is absolutely no evidence of cracks with any depth.

Linear indications should not be taken 1ightly, however they should not be renarded
indiscriminately as "failures”. Indications may be castirg surface imperfecticns,
scratches, or machining marks. They could contribute to fatioue cracks and should
therefore be tested by grinding or polishing. Generally faint indications are not
crack contributors and through experience may be left as found. Overly zealous
inspections with very sensitive instruments often mislead one to assume there are
cracks were none exist.

(1111 SEHE 5 § VR, ..




Transameriea gngine Calculations

& Delaval wen T
COMPARISON OF AS DELIVERED ENGINE COMPONENTS MITH sugey ¢ o 2
REPLACEMENT ENGINE COMPONENTS.

s . DATE JU\U‘Fy 9. 16
e s PISTON SKIPT av David Beck
2. AT “"AF" style piston skirts were cast using the following heat treatment.

a. Heat to 1750 degrees F. (near the upper critical temperature) for 3 hours.
Normalized (air cooled) in still air. Result: a pearlitic structure and
100,000 PSI tensile strength,

b. Re-heat to 1050 degrees F. (slightly below the lower critical temperature.
for 3 hours and cool in still air. This is a tempering process used to
produce the desired ductility in the nodular iron.

"ARE" 03-341-04-AF .

This is the present standard R-4 piston skirt design. The design fncorporates

the knowledgze we have gained t!rough our field experience on the R-4 series engine
as well as from our uprated R-% series engine, just concluding research and
development testing.

A1l "AE" skirts are heat treated to product stress relieved 100,000 PSI tensile
strength nodular iron. Successful operating experience with the "AE" skirts
includes a 16 cylinder R-4 unit rated 7000 kw, 450 rpm, 225 bmep which has
accumulated over 7000 hours of operating without a problem, and 687 hours
operation on the R-5 test engine at 514 rpm, and 397 bmep.

The "AE" style skirt is interciangeable with existing R-4 piston crown and
requires only minor hardware ¢ anges.

The connection of the bolt boss to the skirt wall with a more substantial
section on piston skirt "AE" is an improvement designed to eliminate the
indications found in this area on skirt "AF".

The new piston skirt's adequacy is improved as noted above and offers a
substantial refinement in the "AE" skirt design.

e R R




Engine Cylinder Pressure Logs
EDG 101, 102, 103

Pre-crankshaft Failure



EDG 101

(" PT.307.004A-1 A3 Pace 10 of 10
TCN #1 :
TABLE V S;,lz;/zpvf;iz;é;
K g
1
ENGINE CYLINDER PRESSURE LOG
6/19/53
Step Number ETEP
Date/Time = &
ENGINE CYLINDER
PRESSURE
1
2
3
4 ‘550
5
6 [
 ; S7D ’
8 o)
LOAD
- i

19C

UNnco
Ear 1o ONTROL
“ub""‘“mffﬁal

-



T, 0 @ Paze 20 of 10
T 1
e TABLL V
ENGINE CYLINDER PRESSURE
Step Number
Date/Time ¥ 52
ENGINE CYLINDER
PRESSURE
1 1550
2
>
3 1L00.
4 1248 |
5 |
6 ‘ 'l
7 :
8 28|
)
(" LOAD ‘ ,
- i F
\
3 'X\ !
LLCe O
i ! ! ;
ﬂﬁ- ‘h‘ “L‘f..-
DATE . wiwi%
b
Bl !ricorre
S LR : :.';:V

19C



EDG 103

(‘ i LN ( Saae 10 OFf |

TCY

i !NPON1R0ntéLN
fut \murma‘uon

ENGINE CYLINDER PRESSURE LOG

stEP Number SL@%’Z\
Mli__ms_ 6. l
ENGINE CYLINDER |
PRESSURE ‘
1 ; s ! ;
2 ;ﬁmo ' ‘ I é

3 15&‘ . .
5 ]m '
6 K ' '

7 3 i\

: ]

— 35mi |

l : :

| ; 1

13 = rll '

i9cC



Engine Cylinder Pressure Logs
EDG 101, 102, 103

Post-crankshaft Replacement




£ PT.307.004A-2 (i
UNCONTRS\O';F(?“N APPENDIX F
gor 01! ENGINE CYLINDER PRESSURE LOG

Step No. m
Date ‘/////£¢
Time éQEchb
ENGINE/CYLINDER ED& (of
PRESSURE (PSIG)

L (27°

- 2

2 IR

$ (o

2 /652

. : L2008

U [(&io

8 I 700
Gen. Load (KW) =S e
Var Loading (KVAR) Ve » 2700

Data taken by:

JTG APPROVED MOV & 1233

37



¥ 10 UNCONTROLLED
PT.307.004B-3 Eor Information Only

APPENDIX F
ENGINE CYLINDER PRESSURE LOG

Step No. 14,3
Date 3-/2 <hed
Time oz:z2§

ENGINE CYLINDER

PRESSURE (PSIG)

1 S6 20

2 Lé35°

3 /559

4 126579

5 | A4 2.0

6 /T

i L2459

8 7€ 2o
GEN Load (KW) JS28
Var Loading (KVAR) |zsez

Data taken by: %.../ /’;/"-;;;;f r,,//;M
v

§TG APPROMED JAN2 6 1564
53

A13168
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ENGINE CYLINDER PRESSURE LOG

PT.307.004C-2

APPENDIX F

( EDG 103
uNcoNTROLLED N

For Wﬂ“m Oniy

“Step No. “V:0.2
Date 4-10 -34
Time 0655
ENGINE CYLINDER
PRESSURE (PSIG)
1 (620
- /6 90
3 /1650
4 /| 500
5 1590
6 /& O
7 1550
8 /6 70
Gen Load (KW) % | 3545
Var Loading (KVAR) ox 2618
Data taken Sy: L”M 3ﬁ
Rack. SETTiNG
43.0 Mm
#3560 T

37

|2
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{ Eor Information Only
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preoperational Test Results Review and Apornval

1. System No.____ _R43A __
- Py pPreoperational Test No._PT.307.004 A=2

3, -System_ EDG 10 101 _Qualification Preaperational-Tess—

4. Test Engineer william J. Caak
5, Lead Startup Engineer__M.W. Herlihy

6. Attached for your review are:

pPreoperational Test Results and Analysis
y/Perfcrmed 2y

repare
‘ e 4/ /e

Preoperational Test Approval/Release For Performance
(Startup #8.1)

System Checkout & initial Operations Tests

Test Change ‘iotice(s) (Star®3p 18.2)

7, e i Test Results actacjfd are Approved Dby EE:éZ;j
. vay

haigman .

- Vnr KN 23/7Y 4 zg/ﬁ#

Date

Al3

¢
¢
&

a-26



9.

10.

START-UP FORM 8.3 PT. 307.00 YA-L (G

( UNCONTROLLED
: For Information Only

July 29, 1982

; TATION REVISION 17

Preoperation Test Rasults attached are DISAPPROVED for the
following reasons:

JTG Chairman: Date

Authorization granted to STARTUP MANAGER to review complete systen

status and area status for purpose of negotiating system turnover
to Production Department.

JTC “hairman: Date

System described herein has been thoroughly reviewed recarding testing,
status of outstanding items, etc., and is ACCEPTED by "the 2?roducticn
Department for conditional operation.

7

Startup Manager TDatce

Plant Manager Hate

Distr: Original - Preoperational Test Procedures
Copies = JTG Chairman .

Startup Manager .
Lead Startup Engineac
Test Engineer
SevW Lead Advisory Encircer
GE Operations Manage:
Vice President = Nucleoar K?‘
OQA Engineer

8-27
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/ ‘HCONTROLLED
s ammation Oaly

TRANSMITTAL RECORD < 9%

[fo J. RIVELLO oate 2/ %53 ]
_OCATION: SHOREHAM NUCLEAR POWER STATION =~ UNIT NO. 1 WO.NO 44430
BRIEF STARTUP TEST PROCEDURE PROJECTNO: K 71.340
ITEM NO OF BILLS OF MATERIAL, DRAWINGS,
NO. COPIES SPEC, PEAMITS, ETC TITLE
R . - s b . .
20 TT 302 0o 9R-2 LomimFaery LUESeL (GLabRalL
_EL e o) TEED
Remarks:  Controlled copy issued to responsible Test Engineer, must be
returned to PRC, asg Test Engineers responsibility changes.
Tou # / #/E/*Y ﬂ/oia‘z
TYFE ITCn'sS
G. BISHOP (G.E.) U 1 Ea.
L. BETTENHAUSEN (NRC) 4] 1 Ea.
C. SLATER (PRC) 4] 2 Ea.
C. SLATER (PRC) 0 1 Ea.
A ' 'z /2.8. € 1 Ea.
iﬁ %% z /L.§.E.C 1 Ea. [T ILCO STARTUR
O = ORIGINAL C = CONTROLLED o
WC - WORKING COPY U - UNCONTROLLED|®v: C- SLATER
Transmittal Number. //‘7 /?
-
“arwarded To 8y Date
Remarks.
TR Al;}sz:‘



oA 4 o
SHOREHAM | (s
NUCLEAR POWER STATION

~ UNCONTROLLED
CEax .Information Oaly

REVIS.ONO

“TARTUP FORM 8-1

Preoperational Test Approval /Release

For Ferformance

1. System No._R43A

2. Preoperational Test No. PT.307.004A-2

3. System:_Emergency Diesel Generator 101

Qualification Preoperational Test

4. Test Engineer: William J. Cook

5. Lead Startup Engineer:_ M. W. Herlihy

6. Attached Preoperational Test Procedure is submitted for your
Approval of content, format, acceptability and/or revision.

JTG Meeting Date Scheduled Startup Manager

7. Preoperational Test Approved by Opetatiohal Q.A.

Operational QA Engineer

acceptability and/or revision.

G.E. Site Operations Mgr.

Approval:

8. Preoperational Test Approved by JTG for content, format,

SsW Advisory Operations Engr Disspprovel:

JTG Chairman ca
(constitutes J7TC 2=

e
rsvas)

ty qr

Startup Manager

JTG Chairman

|
|
|
|
|
|
|

Date

Remarks

A13525
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- UNCONTROLLED

e o 3 B, O % *sr Informatica Gnl
DHOP.C_F'\/’\P-": | { .. Jani:ar; 2¢, 135.'.’
NUCLE AR POWER STATION 3 , REVISICN 13

$ - STARTUP FORM 8.1

’.

9. Attached Preoperaticnal Test pProcedure and completed Check-
out & Initial Operations Tests with pertinent documents and
comments are submitted for your "RELEASE FOR PERFORMANCE" .

10. Preoperational Test attached RELEASED FOR PJRFO

Approval:

Disapproval:

Teac Startup Engineer

Dace

Remarks*:

*Recommendations For partial Preop. Test, nevisions, Clarifizazicrn,
etc.

pDistr: Original = Startup Manager
Copies - plant Manager, S&W Leaé Advisory Encineer,
GE Operations Manager, Lead Startup EInginesr,
LILCO Operational Q.A.

A13526



bl B ] , UNCONTROLLED

Far Infarmation
PROCEDURE REVISION TRANSMITTAL - ATTACHMENT 2
B i PT.307.004A-2

September 12, 1983

E. J. Youngling

RECOMMENDATION TO VOID ECG PREOPERATIONAL TEST RESULTS
Shoreham Nuclear Powar Station = Unit 1
W. O. No. 34430/48923

In view of the recent erankshast failure of the 102 exergency
diesel generator, a recovery program has becn established to
teardown and inspect all three (3) emergency diesel generators.
This is being done to deternire the oxtent of the crankshaft
problems wi:h these engines. This requires that all three (3)
engine/generators be removed from their rocms, tSe totally
disassembled, reassembled with the appropriate new FaIts and
reinstalled back into their respective rooms.

Based on the above score of work, it is recommended that the
following preoperational test results be voided:

PT.307.001A-1 EDS-101 sechanical Preop Test
oT.307.0018-1 EDG-102 Mechanical Precp Test
ET.307.001C-1 ECG~103 Mechanical Preop Test
PT.307.003A-1 CDG-101 Electrical Preop Test
T.307.0038-1 EDG-102 Electrical Preop Test
PT.307.003C-1 EDG-103 Electrical Precp Test
>7.307.004A-1 EDG-10! Reliability Qualification
7.207.0048-1 LCDG-102 Reliability Qualificatien
oT.307.004C-1 EDS-103 Reliability Qualification .
PT.307.085A EDS-101 Load Test

PT.307.00358 EDG-102 Loa. Test

PT.307.005C EDG-103 Loacd Test

These precperational test results should be maintaireZ cn file wish
trheir cover sheets marked void or some suitable means to identiiy
this action. It is also recommended that the above preoperationzl
rests be revised accordingly to incorporate, as .-quired, the many
test change notices and excepticns taken against thea.

In closure, I suggest that the above recommendations be presented
to the full Joint Test Group for consideration. The minutes of thl.
meeting would provide the formal direction to the Startup Orcanizat:

for proceeding with these actions in accordance with the Startup
Manual.

/“;in/é%/ZZQFféZZé;/

illiam M. Matejeg{
Project Advisory Enzineer

Wii:eom
F{-& W. R, Xlois
M. W. Herl:hy

JTG APPROYED NOV & 1ve4

Only
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\‘ ® ; .‘t.."."l.»u)n i i ’/UNCONTRQLLED
July 29, 1982 I~z Intormatica

PKOCEDURE REVISION TRANSMITT L

Messrs: Startup 4anager Date: October 12, 1983
Plant Managcr 3 <
SeW Lead Adr isory Engineer
GE Operations Manager
Operating Quality Assurance Engineer

Procedure Type: P eoperational Test

Approved Procodurc #PT.307.004A-1

Revised Prccedure #_PT.307.004A-2

Procedure Title: __ EMERGENCY DIESEL GENERATOR QUALIEICATION-ZE&F—

Shoreham Nuclear Power Station - Unit 1

The subject approved procedure has been revisad (the new
revision number is indicated above) and is being transmitted for
your review in black on pink form. The procedure changes are ident~-
ified in the margin. Listed bzlow arc the changes ané the rcasons
for the changes. See attachments to this letter.

This transmittal will serve as the appreval form and will be
routed to OQA, if reguired, for signoff Lafora Daing submitted 2
the JTC for approval.

After the change has becen approved, revised pages will be
issued in black on white form.

Should you have any comments, plecase notify the undersigned

before: QOctober 26, 1983

E. J. Youngling QC\téx

Test Enqxnecr/Date\(b

Mot Required: "
1/7/¢3
OQA Approved: ém_g_g{/_ﬁz Required:
B e W -

// 555 Appraoved: 2 11/5/23

=
O
0
™
m
-

Ly, TG wRORD MY 154

@ e

Only
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¢ T~ .- N~ 4 :ﬁ
! PT.307.004A=2 { o e :‘..L..: '
L2 satammatc.. Wiy
PROCEDURE REVISION TRANSMITTAL
ATTACHMENT 1

PT.307.004A-2

Revision 2 to PT.307.004A incorporates TCN numbers 1 and 2 and
appropriate exceptions taken against Revision 1. In addition, certair
procedural requirements were added such as requirerents to perform
cylinder head leak check at 4, 8, and 12 hours after shutdown, update
references, measure diesel room humidity before and during testing,
and document baseline diesel cenerator performance at 0.8 power
factor.

JTG APPROVED NOV 8 1983
A13529
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TRANSMITTAL {ECORD
b J. RIVELLO one pil.0b - P2

Edr Information Onl3

Locamion:  SHOREHAM NUCLEAR POﬂER STATION = UNIT NO. 1 wO.NO 44430

BMEF STARTUP TEST PROCEDURE PROJECTNG. K, 71,340
ITEM NO OF DILLS OF MATEHIAL, DRAWINGS,
NO COPIES SPEC. PERAMITS ETC TITLE

20 OTS07 pHA- 1 LMERN NCY DIESEL LENERATOR
QUALIEICATION

femarks.  Controlls copy issued to responsible Test Ergineer, nust te
returne to PRC, as Test Engineers responsibility charges.

Tw =/ , (//3/“,

T2 E s/ 3
TYPE 17ems

G. BISHOP (G.E.) v 1 Ea.

L. BETTENBAUSEN (HRC) L 1 Ea.

C. SLATZR (PRC) U 2 Ea.

C. SLATER (PRC) Q 1 Ea.
78 € 1 Ea.

A IL.S.B.C 1 Ea.

Deprartinent LILCO STA pTU?

0 = ORITTNAL C = CONTROLLED

WC - WORKING copy U - Uncowtmotiroty G- SEATER // RIBONE
Traremetal Mumber q&

rorwarded To Ny: Date

Remarks.




BN AT

2 ( 7/ UNCONTROLLED
Revision 17 Ta: Intormation Only

July 29, 1982
PROCEDURE REVISION TRANSMITTAL

Messrs: Startup Manager Date: 2/22/83 /
Plant Manager a7
§&W Lead Advisory Engineer \
GE Operations Manager
Operating Quality Assurance Engineer

pProcedure Type: Prooggrat;gng; Test
Approved Procedure #§ PT.307.004A

Revised Procedure # PT.307.004A~1
procedure Title: __ Emergency Diesel Generator Quallficatisf——
shoreham Nuclear Power Station = Unit 1

The subject approved procedure has been revised (the new
revision number is indicated above) and is being transmitted for
your review in black on pink form. The procedure changes are ident-
ified in the margin. Listed below are the changes and the reascns
for the changes.

This transmittal will serve 23S the approval form and will be
routed to OQA, if required, for .ignoff before be . ng submitted to
the JTG for approval.

After the change has been approved, revised pages will be
issued in black on white form.

Should you have any comments, please notitfy the undersigned
before: March 4. 1983

Not Reguired:

OQA Approved: M‘nuiud :

Approved:

tartup Engineer

. FIGURE 4.16

4-134

i A13531
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TRANSMITTAL RECORL

~ UNCONTROLLED
Eor lnformation Only

g J. RIVELLO b e /99/224?7/
LLVATION':  guopruay NUCLEAR POWER STATION - UNIT 1 pbcadlt T |

B.p: STARTUP_ TEST PROCEDURE S x40
‘Jg" :gﬂ%; 'rs f’e'ul'«f:'s'. ‘r'.'lhcl." DAAWINGS. TNILE

/U-Z‘MLMJLM—&” o (P imazims (sl it T

Rernarks: Controlled copy

oy i returned to PRC

(

PULSIFER (G.E.)
Bettenhausen (N
Slater (PRC)
Slater (PRC)

ey

~N

O - ORIGINAL
WC - WORXING COPY

/MQM/T-E-
Llp B f )/ S -

i to responsible Test Engineer, must be
Test Engineers responsibility changes.

TYPE  news
u 1 Ea.
RC) U 1l Ea.
U 2 Ea.
0 1 Ea.
C 1 Ea.
B, G 1 E&,

¢ - CONTROLLED
U - UNCONTROLLED

Departiment -
1.ILCO _STARTUD

fNy:C., SLATER

1 eansmittal Humber: ngé

e

Dare:

yewarded To: fiy:
| Remarks:
o : A13532
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- ' UNCONTROULED

{ it %oz 'ntormation Cnll
SHOREHAM | cet. 1, 1375
» !
NUCLEAR POWER STATION REVISICN 9

STARTUP FORM 8.1

1.
2'
3.

4.
5.

6.

Remarks

Preoperational Test Approval/Relcase

For Performance

System No. 343

Preoperational Test No.__ P7 307.00 #A

System: Eggymimlv.-mu Quak. Eremvion) 2

Test Engineer:

Lead Startup Engineer:

Attached Preoperational Test Procedure is submitted for your
Approval of content, format, acceptabi ity and/or fevision.

Lk 2, s2 ~__hblgy

7 -,
JTG Meeting Date Scheduled Manajrr "Dptée
Preoperational Test Approved by Operational 7.A.

Preoperational Test Approved by JTG for content, Tat,
ptability and’or revision.
Approval: _/Q% 7/ E+
=g JTj} Chairmar Date
T OF gr. snstitutes JTS agp:raval’
/it //‘Z'J:'/ Disapproval:
y Opferations Engr J%G Chairaan

O
)
‘r
0

Start‘ph;aﬁ?ﬁ?

N S S ————— e — ——— — — 4 —

, proveD NOV 9 1981
R Bass



_ UNCONTROLLED
. SHUREHAM | | £a¢ Informatiga Onfy
" NUCLEAR POWER STATIUN REVISION 0
STARTUP FORM 8.1

Attached Prcoperational Test Procedure and complcted Checkout &
Initial Operations Tests with pertinent documents and comments
are submitted for your "RELEASE FOR PERFOIJMANCE".

Tead Startup Engineer/Test Engineer Startup Manager

Preoperational Test attached RELEASED FOR PERFORMANCE.

ok 8 Approval:
G.E. Site Operations Mgr JTG Chairman
(constitutes JTG approval)

SaW Advisory Operations Engr

Date

Startup Manager Disapproval:

JTG Chairman

Remarks*:

*Recommendations For Partial Preop. Test, Revisions,

Distr: Original - Startup Manager
Copies - Plant Manager, S&W Leid Adv
GE Ovperations Manager, Lead S
LILCO Operational Q.A.

viesory
e 4

-l Ddis wi

116 APPROVED. NOV 9 1381
A13534




For Informa

PT.307.004A-2
TEST ENGINEER'S ANALYSIS REPORT

EMERGENCY DIESEL GENERATOR 101 QUALIFICATION PREOP TEST

This revised Qualification Preoperational Test was "released for
performance”™ on April 9, 1984 subsequent to the crarkshaft
replacement in the fall of 1983. The purpose of this test was to
meet the testing reguiremerts of USNRC Regulatory Guide 1.108,
Rev. 1 section C.2.a (9) 4i.e. to demonstrate the ability of
EDG101 to start, accept load, maintain load (greater than 50% o=
rated load) and to shutdown, without trips, 23 consecutive times.

Documentation of test pararaters was accomplished via the use of
General Electric's Transie-* Recording System (GETARS) which
monitored and plotted start times and system parameters. GETARS
produced numerical data (histograms) at selected periods during
each of the 23 engine runs (i.e. start of 1 hour run, % hr.
interval and 1 hour interval). GETARS plotted all engire
shutdowns to verify no anomalies occurred which could have beern
interpreted as a failure of EDG10l1. Also during each engire rurn,
operational logs (Appendix D) were maintained utilizirg the
process computer print out as the iustrument of record <ZIor XW
loads and GETARS as the instrument of record for all other
electrical parameters (except Generator Field Voltage a=é
Current) and engine speed. The remaining operating paranmeters
were taken from local and control room indicators. or M&TZ
instruments. During engine operation, the Run Log (Appendix D)
intervals were determined by use of a stop watch (M&TE) and nct
the engire hour meter.

All twenty-three (23) starts were completed in a successful
consecutive manner. The "Quick Start"™ requirements (engire
loaded > 3500 KW < 60 seconds) were met during Start 13, as a
loading time of 21.4 seconds was obtained. All engine parzaneters
were acceptable for operating conditions and no other items cZ
concern were notes.

There were nine (9) exceptions taken against this procedure.
These are summarized below. Full details of these excepticns are
contained within the body of the procedure.

EXCEPTIONS 1, 5, 7, 9

These exceptions were taken to identify typographical errors,
minor deviations from procedural step, and references that were
updated. The "intent" of this procedure was not violated =
these exceptions.

TROLLED
UNCON oo Onl
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Page 2

EXCEPTIONS 2 & 3

These exceptions were taken to identify recorded values
(Appendix D) which did not meet acceptable limits (Normal
Operating Parameters (Table 1)). Since, these deviations, within
acceptable limits, were only slight, they were dispositioned
"accept as is" because test results were not impacted.

EXCEPTION 4

This exception was taken to identify that temporary test
equipment was not removed because of additional testing
requirements. The removal of temporary test equipment is to be
tracked by Step 9.2 of PT.307.002-2 (IET) and is not an open iten
to this procedure.

EXCEPTION 6

This exception was taken to explain that TCN #1 was vcided
because additional testing requirements will be performed as part
of PT.307.003A-2 (EDG101 Electric Preop).

EXCEPTION 8

This exception clarified the interpretation of the Technical
Specification surveillance requirement criteria regarding engire
loading to 3500 KW in less than 60 seconds (Quick Start).

Based on the results of this test 2nd the above analysis, it is
this test engineer's opinion that twventy-*.ree (23) starts wers
successfully completed in accordance with Regulatory Guide 1.1C%
Rev. 1 Section C.2.a (9).

il R

L . g - w0 s
o T e ’/’ ///!_'/’:J’ /“’/
Franczs 5. éixf%ord

Test Results Reviewer

WJC/FCC: 31

» ’-'
-, 7~
y x/__

A13536
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REVISION 11

SHOREHAM 1.
NUCLEAR POWER STATION

TARTUP FORM__ 8.2

1 of 4

Page
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10.0 ACCEPTANCE CRITERIA

10.1 _The Emergency Diesel Generator 101 successfully
ompleted 23 consecutive valid tests with no failures
s defined in Regulation Guide 1.108, Rev. 1
pyragraph C.2.e. A valid test shall be defined as
achieving a successful start, followed by a loading
to\at least 50% of continuous rating and continued
opeYation for at least one hour, as per reference

2.8
Verified Date
OQA Witness Date
NOTE: All chartd will be available to backup readings of
Appendix D)\ These charts will be submitted to the
PRC with th{ approved o) ure.

JTG APPROYED NOV  § 1933
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1.0 PURPOSE

1.1

1.3

1.4

NOTE:

The purpose of this procedure is to verify the

qualification of emergency diesel generator 101 with
respect to starting and loading reliability following | 2

repairs due to the failure of the crankshaft.

Tnis procedure will consist of starting the diesel,

loading the diesel to at least 1,750 kW, and

operating the diesel at load for at least one hour 23

consecutive time without a failure.

This procedure in conjunction with PT.307.003A-2 and I 2
PT.307.002 satisfies the intent of Regulatory Guide

1.108 (August 1977), Periodic Testing of Diesel
Generator Units used as On-Site Electrical Power
Systems at Nuclear Power Plants.

At least one of the qualification runs will be used
to demonstrate that the diesel generator is capable 2

of performing its monthly surveillance requirement

per Reference 2.27.

All equipment mark numbers are prefixed by 1R43,
unless otherwise noted.

2.0 REFERENCES

s2.1
- 2.2
2.3
2.4
2.5
2.6

'2.8

2.9

. 2.10

FSAR Sections 8.3 and 14.1.3.7.24
FM-44A-15, Fuel Oil Transfer System
FM~44B-4, Diesel Generator Air Start Svstem
LILCO Startup Manual

LILCO Safety Manual

ESK-5R2209-14, Elementary Diagram, Emergency Bus
Normal Supply ACB 101-1

ESK-5R2210~15, Elementary Diagram, Emergency Bus
Reserve Supply ACB 101-2

ESK-5R4301~-19, Elementary Diagram, Emergency
Generator Breaker ACB :01-8

ESK-6R4301~-6, Elementary Diagram, G-101 Starting Air

Compressors

ESK-6R4304-11, Elementary Diagram, G-101 Fuel 0il

Transfer Pump

) JTG APPROVED NOV  § 1983

A13510
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™
o’ B -"(‘ C Jﬁ“’, o:’"
’ 2.11 ESK-6R4307-87, Elementary Diagram, G-101 Before and
After Lube Oxl Pump and Heater
/IJ"' i
2.12 BSK—6R4310-61 Eiementary Diagram, G-10] Jacket Water
Heater and Pump |

72.13 ESK-6R4313-2, Elementary Diagram, Diesel Generator
G-101 Protection
1€ G5 slole
2.14 ESK-8R4301-¥3, Elementary Diagram, Emergency Diesel
Generator G-101 Protection

~2.15 ESK-8R4304-7, Elementary Diagram, Emergency Diesel )
Synchronizing Circuit

/3 M‘//J”
2.16 ESK-8R4305-11, Elementary Diagram, G-101 Voltage |
Regulator |

0 gllrt
2.17 ESK-11R4301ﬂ6, Elgéentary Diagram, Emergency Diesel
Generator 101 Sheet 1
Fw oldet ;
2.18 ESK-11R4302-¥Z, Elementary Diagram, Emergency Diesel
Generator 101 Sheet 2
7 65,0
2.19 ESK-11R4307-8, Elementary Diagram, Fuel Booster Pump

2
2.20 Manufacturer's Drawings E
©2.20,1 11600.02-1.12~5H, Lube 0Oil Piping Schematic
/2.20.2 11600.02-1,12-6M, Starting Air Piping
Schematic
N eIt
2.20.3 11600.01-1.12-7L, Jacket Water Piping
Schematic
”2.20.4 11600.02-1,12-74M, Engine Pneumatic Schematic
M og ol T£
2.20.5 11600.02~-1.12~ 75!, anel Pneumatic Schematic
é dale¥
-~2.20.6 11600,02-1. 12194C anel Installation
M w4l lre
2,20.7 11600.02-1.12-~ 91L, Panel Electrical Schematic
‘5120.8 11600.02~1.12-94P, Panel Electrical Schematic
42.20.9 11600.02-1,51-94J, Front View Layout for BOP
Main Control Board
‘2,20.10 11600.02-1.12-43G, Wiring Diagram Static
Exciter
~2.21 System Description (S/D 1020.307), Emergency Diesel
Generators Revision 1
A13511
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2.22

2.2

2.24

225

.26

2427

2.28

NOTE:

Operating Procedure (SP.23.307.0l1), Emergency Diesel
Generaturs Revision .5 2 a‘f" i

Operating Procedure (SP. 23 309.01), 4,160 V Emergency
Bus Distribution Revision 4

Shoreham Specification SH1-89, Diesel Generator Sets,
Revision 2, January 26, 1983

Manufacturer's Instruction Manual, R43-1 Volume I, II
and III

Regulator Guide 1.108 "Periodic Testing of Diesel
Generator Units as on site Electrical Power Systems
at Nuclear Plant". Rev. 1 August, 1977. (Paragrapns
C.2.a.9 and C.2.e)

SNPS Proof and Review Copy Tech Spec 3.8.1.1 and
4.8.1.1.2 dated July 22, 1983.

Operating Procedure (SP.27.307.02) Emergency Diesel
Generator Cylinder Head Leak Detection Test,
Revision 1.

All personnel signing this procedure must £fill ocut
the following information for future reference:

r‘
4

Level of
(W;;t;gzygrxnted) (Wriizéﬁigi:nted) Orzizigition ngl%ifc?gion
1l eafi 2Ll SO /1S fhsu
Y AL bes | A /AT Te/Lsy x*
j%?’/éVJRSi zz-/ékﬁu- 7 ol
: {({lz ’K.H R O« o -« ey
cw{/c Sy | 0qA I
/MO B’ MD I&Zbgu L
= / Jem oy _Ir
ey Nl A VRN ERMT M j/ﬁﬂo'/ 7_:%—;0 ~
g : 78/ Su =
|- £ § WUMpps % L/BL | 7E /LSy | ZZ
£eos ng:¢222£(g?¢ 7zé;/cru

e ASS 12
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3.0

PT.307.004A-2

d rouLED.

| 2

For |nmrmd°¢
PREREQUISITES
3.1 The master punch list contains no deficiencies that
will affect this test. List any exceptions in
Section 11.0. % ’ ,\M¥
Vexlfxed %ata
3.2 Verify applicable Cs& est;-have been performed, and
have been approved. ' |
guxiﬂ : =VJ\&\ 4 !&I
3.3 The Lead Startup Engineer has released test for
performance (SU Form 8.1).
| . g/ -4
Ver e Date
3.4 Emergency Diesel Generator Mechanical Preoperational
Test Procedure PT.307.001A-2 and the Emergency Diesel
Generator Electrical Preoperational Test Procedure
PT.307.003A-2 have be '
/4 s/
: /7 Date
3.5 Notify the wWatch Engineer am® OQA prior to performinsg
test.
G P L
Verifie Daze
3.6 Notify the LILCO System Operator prior to performing
test.
JW'MMJ« €174
Veri Date
3.7 Notify DelLaval representative that this procedure is
about to commence.
.1 ,4ﬁunmmﬁv P
Verifie Date
3.8 Establish communication between an operator at the

Emergency Diesel Control Panel and an operator in the
Main Control Room at the Emergency Diesel Generator

portion of Panel 1H11*MCB-01.

() 4« sg‘ e prrds

47t}

Verléﬁ

4

JTG APPROYED NOV
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{ PT.307.004A-2 zer information

3.9 Diesel engine inputs to the process computer need not
be verified if the computer is not available.

Computer (:)is not available.
1 £9: ¥4

Ve ied Date

3.10 Ensure all documents used at time of this test are of
the latest revision.

ficﬂﬁf%glr'/ a
Veritie Date

3.11 Verify valve lineup in accordance with Appendix A.

-

St 4‘{9 -tZ
Verfified ate

PRECAUTIONS

4.1 A sudden increase in lubrication oil temperature and
amount of vapor from the crankcase ventilating
discharge can indicate some overheated internal part
of the engine. This could signal an approaching
piston seizure and a possible crankcase explosion. A
sudden increase in lube o0il temperature requires
immediate unloading and shutdown of the diesel.

4.2 Sustained operation of the diesel below 875 KW
(critical load) should be avoided. However, when
unloading unit, reduce load between 100 -~ 200 KW
prior to cpening diesel generator output breaker.

4.3 Sustained operation of the diesel in the range of 250
to 400 rpm (critical speed) should be avoided.

4.4 When starting a cool engine after shutdown, observe
the manufacturer's starting procedure in Section 4 of
Volume I of the manufacturer's instruction manual.

4.5 Ear protection should be worn by personnel in the
Diesel Generator Rocom during diesel operation.

4.6 An operator should continuously monitor the operation
of the diesel and auxiliary equipment throughout the
entire test. At least one set of loc readings should
be taken whenever the diesel is started.

4.7 Diesel Room air temperature and humidity should be
frequently monitored during diesel testing
(especially in the vicinity of the air dryers and
fuel oil day tanks).

§1G APPROVED Nuy o 1983
Al13515



4.8

4.9

4.10

4.17
4.18

4.19

4.20

4,21

4.22

(" PT.307.004A-2 ; , UNCONTROLLED
For Infomation Onf

Any fuel oil or lube oi' =pills should be wiped up as
soon as possible to avoid fire hazards.

Portable fire extinguishing equipment should be
readily available during diesel testing.

When leaving a diesel generator room, ensure that the
fire doors between individual diesel generator roors
are closed.

Lube o0il strainers should be cleaned when the
differential pressure across them reaches 20 psid.

Lube o0il filters should be changed when the
differential pressure across them reaches 20 psid.

Fuel oil strainers should be cleaned when the
differential pressure across them reaches 2.0 psid.

Fuel oil filters should be changed when the
differential across them reaches 20 psid.

Lube 0il pressure should not exceed 65 psig, or drop
below 50 psig.

Jacket water pressure should not exceed 30 psig, or
drop below 20 psig.

Fuel oil pressure should not exceed 35 psig.

Lube oil and jacket water temperatures should not
exceed 200°F.

The exhaust temperature limits for sustained
operation is 150°F between any two cylinders at full
load. The maximum temperature limit at any load is
1100°F. Should these limits be reached, reduce load
and notify Test Engineer.

For sustained operation, 200 psig is maximum firing
pressure difference between any two cylinders at any
load. Should these limits be reached, reduce load
and notify Test Engineer.

Turbocharger lube oil pressure should not drop below
25 psig.

If the diesel is to be shutdown for greater than 2
4 hours during any portion of this test, perform a

cylinder head leakage surveillance per Reference 2.28
(§P.27.307.02).

JTG APPROVER NUV 8 1983
Al3516



5.0

PT.307.004A-2
' | UNCONTROLLED\

For Information On

INITIAL CONDITIONS

5.1

S.2

503

5.‘

.5

5.6

$.7

5.8

Engine 101 is shutdown ready for testing and its
output breaker 1R22'SWGR101 -8 ACB is open.

%4 . IsoAE
1ed ate

Verify equipment is energized in accordance with
Appendix B, System Component Power Supply Checklist,
by initialing next to each step.

2 4-12-7¢

er e ate

Service Water System is in operation to supply
cooling water to the Jacket Water Cooler.

TR YroAf
e e Date

Emergency Diesel Generator 101 HVAC System is in

operation.
e -5 &
erifie Date

Fire Protection (Cardox System) is available in
diesel room 101, or Fire Watch has been provided in

case of fire, .
Verified Date

Verify *ENG101 has been barred over using barring
device within one hour of first diesel start, and no
presence oL water was found.

N e

Diesel Generator Fuel 0Oil Storage and Transfer System
is in operation.

d((M f-1c-44
Verifjed Date

At emergency switchgear 1R22*SWGl01l, check the
following at diesel generator supply breaker ACB
101-8 compartment:

5.8.1 Local control switch midposition.

(%‘ ‘;?‘“ —— Y-re £ 4
egifie “Date

! 116 APPROVED NOV 8 1983
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For Information Onl9

5.8.2 Circuit Breaker ciosinq springs charged.

A $-c A
VE%iSed éate ¢

5.8.3 GREEN (Open) indication shown for breaker.

Se o 4¢
erxfie i &:éé

5.8.4 Primary protection lockout relay 86P-101-E

reset.

5.8.5 Backup protection lockout relay 86B-101-8
reset.

d $-cc -4

erdiie Date

Place or check the following switches at the
emergency diesel generator *Gl01 local diesel control
panel *PNL-DGl in the positions indicated:

5:59.1 Mode selector switch in REMOTE.

; _.-'1% F' */ W daasdl 4”" ".¢
er ie . B‘tC

$.9.2 Before and after LO pump/heater (*P-226A) and
*H-015A in AUTO.

Ve‘%}é’ﬂ“‘@‘ L

$.9.3 Fuel booster pump *P-109A in AUTO.

i PR s T J—['-{l
VQt;7ied ate

$5.9.4 Jacket Water pump/heaters (*P-2382 and
*H-014A and D in AUTO.

¢ L AR
ML s/l Ly
erifie Date

9:.9.5 Both starting air compressors *C-003A and
*C-004A in AUTO.

Er-ttm Py A~ ' o
ar) (jD L e s f”t ’F
Verifiad Date

ITG APPROVED NOV 8 1983
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§.9.6 Primary fuel oil transfer pump *P-201A in

AUTO.
(|- L § 4
erifie Date

$.9.7 Secondary fuel oil transfer pump *P=-202A in

AUTO, 2
R 4’/ 4 "‘
erified Date

5.9.8 White control power available light ON.
(e q-12 -1
va%ﬁd Bais

5.10 Verify starting air pressure as indicated on local
diesel control panel *PNL-DCl is greater than

220 psig.
‘a y Fy - 9"‘ ’j(
Vcrf{ieé ate

5.11 Verify Before and After Lube Oil Pump *P-226A is

operating.
{ SM -/ 4
eryfied ats

5.12 Verify Jacket Water Heater Circulating Pump *P-238A

is operating.
(2‘1 | M : 2.4
er¥flied Date

5.13 Verify lube oii temperature is above 140°F.

(’a, . Ppepnnd, {1, ;’¢
eritje Date

5.14 Verify jacket water standpipe level is greater than
10 o'clock and jacket water temperature is greater l 2

than 140°F.
&, 9 §¢&mg,\, $-1¢ A £
erifie “Date

5.15 At diesel generator *G-101 hydraulic
actuator/governor, record the following settings:

5.15.1 Speed Droop J Initials
(0 - 10)

JTG APPROVED NOV 8 1983
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5.16

$.17

5.18

,womot.u&‘

PT.307.004A-2 \ Ear lnformation

5.15.2 Load Limit ;214,‘ Initials (€|x
(Fuel Setting .E%FL_____

(Min - Max)

5.15.3 Speed Setting /4 of Initials qp
(0 = 23)

Check air dryers *AD-002A and *AD-003A to ensure they
are both running and that the cooling fin air
passages are not blocked.

NN 21044

Ensure the fire doors between the diesel generator

rooms are cliosed,
/ - 4’/‘—‘6
o e ate

At the diesel generator *G-101 section of control
room control panel 1H11*MCB-0l, place or verify the
following switches are in the positions indicated:

5.18.1 Diesel generator *G-101 start control switch

in AUTO.
& ! ¢ P
Vct!’!oé Date

5.18.2 *G-101 governor speed changer in mid

position,
4 »
(! YAl -1
erdified Date

5.18.3 Bus 101 program reset to RESET,.

’
l P ""l." 14

er ' ate
",
5.18.4 Bus 10l program test switch in NORMAL.
[ ra J=10%
er ~ Date
5;18.5 *Gl(. voltage regulator control switch in mid
position,
{ " UL - 0’ 'la
eri : ate

JTG APPPOVED NOV 8 1983
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5.18.6 Jacket Water cocler *E-013A outle: valve
1P41*A0V=-016A in AUTO.

d=i2.-4¢
erifile 5:?%

$.18.7 125V Bus A dc volts greater than or equal to
125 volts.

"

. AT g-12 "q
v.:%zi.a Date
A TAVE

5.18.8 125V dc Bus A battery ground detector lights
are both dim and alarm point 0357 (125V Bat A
Ground) is not annunciated.

V‘%‘}W fo1s -6

erifie T Date

W ;tézl"f
tness ate

5.19 Verify emergency bus 101 is being supplied from the
NSST (161-1 clesed) __ o or RSST (101-2 2
closed) . ~Check one.
. s :v' -“
Vor'f]i# 1 Date
5.20 Verify the Honeywell Visi recorder and/or the GE
Transient Analysis Response Computer is connected to I 2
record the following 7 inputs as follows:
Channel ' - Engine Speed (RPM) 9 cutput of tachometer
Channel ¢ - Generator AC Voltage @ *PNLGPI
Channel 3 - Generator AC Current (Amps ) #
IH11*MCBC1
Channel 4 -~ Generator Load (Watts) 0 1Mll*MCLCU1l
Channel 5 -~ Generator ACB 101-8 closure 4 SWGR 101~ -
Channel 6 -~ Diesel start from start circuit l-:u/f-v- 7
Channel 7 -~ Generator freq. from lH11*MCBOI

Indicate: Visirecord  GETARS v/’ or l

Both recording inputs. [ 4

] .‘ ./ -/ r/
V??f;tiahﬂaﬁa-"' a c{

{1G APPROVED NOV 8 1983
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5.21 Wire 2 temporary selector switch (capable of handling
6 RTD's) to the Generator Winding RTD's. Connect the
output off the selector switch to a digital volt
meter., This setup will be used to determine the
hottest Generator winding temperature. Record
temporary hookup in SNPS lifted lead and jumper

Verify no abnormal alarms are initiated, which would
prevent a successful start,

S L

erifie ate

5.2) Connect a micromite to the output of the generator
pedestal bearing RTD to permit neasurement of bearing

temperature. Record any necessary temporary
connections in the lifted lead and jumper program.

d Mt 4‘/,‘.
er e ‘Date

ITG APPROVED NOV 8 128
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6.0

7.0

 UNCONTROLLED
¢ PT.307.004A=2 f “or Infcrmation Only

1 ITIONS

6.1 Diesel room temperature below 120°F,.
6.2 Diesel room humidity below 80% relative humidity.
At start of test:

Diesel Room Temperature: 70 °p 2

Diesei Room Humidity : /Q L]

¥ #/0-1
erifie 5:%%

SPECIAL TEST EQUIPMENT
7.1 Stop watches.

7.2 High speed visirecorder with at least 7 channels.

7.3 Getars computer (if available).

7.4 Temporary RTD measuring switch box.

7.9 Psychrometer

7.6 Digital Voltmeter 2.
7.7 Micromite

NOTE: All above used test equipment should be recorded on
Table III.

I1G APPROYED NOV & 1983
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8.0  PROCEDURE

NOTE: All KVAR values spccified are lagging vars. i 2

8.1

'.2

8.3

8.5

8.6

8.7

NOTE 1:

All prerequisites in Section 3.0 and initial
conditions in Section 5.0 have been satisfied. Any
exceptions are listed in the Exception Section,

Section 11.0. ;
éé ‘ oS gro-4
e Date
Q %g ﬁﬁzﬁe’.,;,é ¢ —logy
i1tness /cl e

Verify that the emergency diesel shutdown parameters
were recorded on Appendix D just prior to the next
diesel start, are within tolerances per Table II, and
engine is ready to be restarted. (If engine has been
shutdown for more than 12 hours the initial
conditions of paragraph 5.0 have been reverified).

Start emergency diesel generator 101 and load tec ac
least 1750KW and 700 KVars.

Run the diesel generator at load for at least one
(1) hour while completing all the data in Appendix D.
The one (1) hour run at load shall be timed using a
stop watch.

NOTE: The time to start, load and shutdown the
engine shall not be included in the one hour.

Reduce generator load to 100 - 200 KW, run at this
load for 2 min to allow unit cooldewn, open its
output breaker 101-8 and then shutdown the diesel
engine by depressing stop pushbutton.

NOTE: Prior to shutdown from the 23rd start,
perform step 8.8,

Verify that the engine was successfully started,
loaded to constitute a valid test and that the data
recorded on Appendix D conforms to the ranges of
Table I and Table II.

Repeat steps 8.2 through 8.6 until twenty three
consecutive successful starts and qualification runs
are accomplished,

Sign-off of the above steps will be done in

Appendix C., Should a start be considered a failure
(per reference 2,26) indicate such on Appendix C,
correct the problem and begin the first qualification
start again., Any failures will be explained as an
exception in Section 11,0,

14 e MM¥!48 1983
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( PT.307.004A-2 Information Only
8.7 - continued
/ﬁ *"1‘41 ﬁ 3
NOTE 2: At least one of the 23 consecutive starts should

verify the diesel generator is capable of being
_<7r--started, synchronized, loaded to greater than or
7/#"*equal to 3500KW/1500KVars in less than >r equal to 60
seconds, and operated with this load for at least €9
minutes.

8.8 Final Baseline Data at Various Diesel Locad Levels

8.8.1 Verify the emergency diesel generatoyr is
running at approximately full load (3500KW/
2625 K Vars) then pecord running data in
Appendix E. l 2

tncs; J %

8.8.2 While still at full load, record cylinder
pressure data in Appendi | 2

8.8.3 Reduce load to approximately 75% load,

(2600KW/2000 K Vars) long enough for | 2
parameters to stabilize, then record data in
Appendix E. ‘ | 2
1///// /f‘/
Date

tness ; n'é?’ 41[5’4;.‘.‘?

8.8.4 Reduce diesel generator load to approxinmately
50% (1750 KW/1300 K Vars), run long enough to | 2
stabilize parame record data in

Appendix E.
e Vfry 12

Date
aaézﬂ?=r~01£ﬁiﬂlkﬂ $ul?
Witness // "Dat
15 TG APPROYED NOV 8 1983
AL13555
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8.8.5

8.8.6

; - UNCONTROLLEDN
PT.307.004a-2 ' Fur Information Onig

Reduce diesel generator load to approximately
25% (900 KW/650 K Vars), run long enough to
stabilize parameters, then record data in

P2

Appendix E. i 2
; 7h4éz
erifie A ate

Shutdown diesel generator in accordance with
S§P.23.307.01, paragraph 8.1.6 and leave
engine in standby or as directed by test
engineer.

4

9”/
T

er e ate

16 ITG APPROVED NOV  § 1993
Al35566
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TCN #1
PT.307.004A-2

8.9 Post Outage Load Run (5 hours)

8.9.1

8.9.2

Start the Diesel Generator aod/::rallol to its
emergency bus. Load Q“;h Diesel to
approximately 3500KwW 2000 KVARS as
monitored by the main control room meters.
Establish engine equilibrium conditions prior
to continuing test. '

Verified Date
Vitness “Date

governor load limit settin; on the
actuator. Raise the electric speed
ove 4000KW.

Slowly raise the
it until the load stabilizes at 3900KW
$ - 1.0% (i.e. load between 3861KW and
) as measured by the watt hour meter
a minimum three minute time interval,

control room operator ° should

ultaneously increase the Var loading to
tain a final reading between 2800 KVARS =~
2900KVARS.

Verified ~ Date

O0A Witness Date

lé6a

A13557



Page ) of 4

o TON 81
"o ,07.°°‘A-2

8.9.3 Run at this load for one hour, recording all
parameters in Appendix E every 15 minutes.
Cross out the existing step numbers on
Appendix E and fill in step no. 8.9.3 for this
run, Ensure generator field current does not
exceed 305 amps and field resistance is less
than ,395 ohms, //

erifie Date
itness Date
8.9.4 Reduce load £o a value greater than or equal

to 3S00KW and 1900KVAR. Run at this load for
at least four hours. Record all parameters
listed in Appendix E every 20 minutes for the
first two hours. For the remaining two hours
record data every 30 minutes. Cross out the
existifg step numbers on Appendix E and fill
n s*ép no, 8.,9.4 for this run.

erifie | : Date
O0K Witness “Date

At the end of the 4 hour run, change the
dtoocl load or shut down the diesel engine as
\Ioctod bv the Test Engineer.

Verifled ~ Date
BOK Witness Date
8y
"?’ L‘\ l@{p&
g b

AL3508



PT.307.004A~2

SYSTEM RETURN TO NORMAL

9.1

9.2

Place the diesel generator in its normal standby

condition as directed by neer.

A

/ o "(

7K,

At

Indicate in Appendix A the as left condition of each

valve at the completion of thi

Ensure all temporary test oqu}rnont has been removed,

J/" ‘5-"

e e

Date

L iyl ad

Perform a cylinder head leakage surveillance per
§P.27.307,02 (Ref, 2,28) at 4, 8 and 12 hours after

TBa%

—— A ———————

shutdown,
After 4 hours: sat y/// Lunsat
{
After 0 hours: sat A unsat
e
or

After 12 hours: sat !: unsat

A

A
" JT6 APPROVED NOV  § 1993

AL3559
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« UNCONTROLLED

Page 4 of 4
TCN #1

PT.307.004A-2
ACCEPTANCE CRITERIA

€Qr Information Only

10.1 The Emergency Diesel Generator 101 successfully
completed 23 consecutive valid tests with no

failures as defined in Regulation Guide

1.108,

Rev. 1 paragraph C.2.e. A valid test shall be

defined as achieving a successful start,

followed

by a loading to at least 50% of ccntinuous rating
and continued operation for at least one hour, as

pe- reference 2.26.

i §-72-44
er EatedP
, o
W ness ‘/4%/

KOTE: All charts will be available to backup readings of
Appendix D. These charts will ke submitted to the PRC

with the approved procedure.

. o
10.2 During the post outage load run, the diesel nerator
ran continuously for 5 hours at lzigg//ofgg 3900KW

<9,

(1 hour), and 3500KW (4 hours), (Sectio

g

18
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11.0 EXCEPTION SHEET

( » UNCONTROLLED
For Information Only

Initial/ Initial/
Item| Description of Exception Date Disposition Date
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{ PT.307.004A-2 ( For Intormation Only
11.0 EXCEPTION SHEET
initial/ Initial/
Item| Description of Exception Date Disposition Date
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EXCEPTION SHEET

PT.307.004A-2

{ - UNCONTROLLED
For Information Only

Item

Description of Exception

Initia
Date

Initia
Date

1/
Disposition

1/

s

~ E )
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. o
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( PT.307.004A-2
11.0 EXCEPTION SHEET
Initial/ Initial
Item| Description of Exception Date Disposition Date
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Test Procedure # Pf}oZool,d—:L For Information Only
EXCEPTION SHEET
Test Procedure Section # a ¢
Page /. of >
Iinit./ 4,3 8 RN
Description of Exception Date Disposition Date
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") SURVEILLANCE REQUIREMENTS ' For Information Onls

4.8.1.1.1 Each of the above required independent circuits between the offsite
transmission network and the onsite Class 1E distribution system shall be:

a. Determined OPERABLE at least once per 7 days by verifying correct
breaker alignments and indicated power availability, anc

Demonstrated CPERABLE at least once per 18 months during shutdown by
transferring, manually and automatically, unit pouor supply from the
normal circuit to the alternate circuit.

i SR
o
.

4.8.1.1.2 Each of the above required diesel generators shall be demonstrated
OPERABLE:

- ——

In accordance with the frequency specified in Table 4.8.1.1.2-1 on a
STAGGERED TEST BASIS by:

1. Verifying the fuel level in the day tank.
2. Verifying the fuel level in the fuel storage tank.

3. Verifying the fuel transfer pump starts and transfers fue! /ram
i the storage system to the day tank.

f 4. Verifying the diesel starts from ambient condition and
S accelerates to at least 450 rpm in less than or equal to
y 13 seconds. The generator voltage and frequency snal) be
4160 = 420 volits and 60 = 3.0 Hz within 10 seconds after the
start signal. The diesel generator shall be started for this
test by using one of the following signals:

-
- —

(a) Manual

(b) Simulated loss of offsite power by itself

(c) Simulated loss of offsite power in conjunction with an ESF
actuation test setpoint

(d) An ESF actuation test signal by itself 1:7 Focay TP
ﬁ-/\ \-/-\/\,—\/N— WVL_\—‘\J/:-\'/ ";'/"‘\

{ S. Verifying the diesal generator is synchronized, loaded o
‘ greater than or equal to 3500 kw in less than or equal ts
60 secords. and operates with this load for at leas: 50 migutes.

- . geep e
8. Verifying “the diesel generator is aligned to provides standoy— _
power to the associated emergency busses.

et s o+ oo i S YT A . i e

7. Verifying the pressure in all diesel generator air star:
receivers to be greatar than or equal to 215 psig.

b. At least once per 31 days and after each operation of the cdiesel wrere
the period of operation was greater than or equal to 1 hour by checking
for and remo-ing accumulated water from the day tank.

it

'-a —

SHOREHAM = UNIT 1 3/4 8-3
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» UNCONTROLLED
For Informaticn Only

PT.307.002-2

Corewe

9.0 SYSTEMS RETURN TO NORMAL

9.1 Inform the Watch Encgineer that the Integrated i
Electrical Test is complete and that the plant m: be '
returned to Normal in accordance with station
procedure at his direction.

" 9.2 Remove all temporary test equipment installed by
// section 5.10 and initial those portions of Appendix C.
Attach a completed copy of Repair/Rework R43-713 to
: APPENDIX C as attachment C2.

S _ _Verified Date
9.3 Remove temporary test f xture installed in step 5.9
via Repair/Rework E32-6. and initial Appendix C.
Attach completed copies of Repair/Rework E32-67 and
MWR 83-0851 to Appendix C as attachment Cl.
Verified Date
O0A Witness Date
9.4 Return LOCA level transmitter isclation valves to
normal service position and initial as required:
1H21*PNL-04 INITIAL/DATE 1H21*PNL-05 INITIAL/DATE
1B21*LT~-155A 1R21*LT-155C
1B21*LT-154A 1B21*LT-154C
1B21*LT-157A 1B21*LT-155D
1B21*LT-157C 1B21*LT-154D
1B21*LT-154B 1B21*LT-157B
1B21*LT-155B 1B21*LT-157D
CAUTION: When returning transmitter to service operate

instrument valves slcwly to preclude spurious LOCA
signals.

Verified

N e T hatal ot R

A135459
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5.9

i S} # UNCONTROLLED
- g (.= For Information Only

PT.307.002-2

The loss of offsite power (LOOSP) event is initiated
by simultaneously tripping the NSS and RSS transformer
Primary Protection.

The loss of coclant (LOCA) event is initiated by
simulating HIGH DRYWELL PRESSURE for Test 8.1 ard hv
simulating LOW reactor water level for tests R.2
through 8.5. Both LOOSP and I10CA events are
selectable at the TEMPORARY TEST FIXTURE to be used as
follows: The event must be selected by enabling LOOSP
cr LOCA or both. The event is then initiated by
placing the event switch to the INITIATE position.
Verify circuit medificaticn is installed accoréing to
MWR #83-0851 and Pepair/Rewcrks E32-067 (Aoperdix C)
and initial Appendix C.

Verified Date

/*\\\—////’\\\*_’/,-\__ﬂ/eeA Witness. “Date
o TN SR S, USRI g S

$.11

Verify temporary cables for instrumentaticn are
installed in accordance with Repair/Rework R43-713
(APPENDIX C2) ané temporary test instrumentation test
results (Appendix E2) to provide temporary GETARS
computer points listed in Appendix A2 and initial
Appendix C.

Veritied Date
OQCA Witness Tarz
e e T g A L

Calibrate the GETARS computer points ligted in
Appendix A2 anc¢ attach the calibration data as
Jttachment E4.

Verified Date

OQA Witness Date

-
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For” Irformation Oaly

Teprudry 18, 195

» AR ap ;

orcHAM 1 $—\, f/ [ dgn Y 7

/;“UCLD\P- SOWTCR STATICON B ‘ LA nevision 12
et ‘4
sTAPTUP FOrM 7.6

3hozrche= nuclesar Power statien - Utnit 1

REPAI 2/ FEWORK r:zg'r‘.s:srun'ta[., '
|
119

-

| work performed under jurisdiction of: () Unico Construction

04 LILcO Startup

work to be portomd py: () Unico Censtruction 9() LILCO Startuep

Quality Assuran<

7P /0373

e function to be performed by: PR oA ( yFQS  (Work Supervisor
| TELRATED S\ EOTEI( AL TEST

System OF Subsysten pescription:

OA CategoIy: f Completion Date Required:

peyfors the following work:_ ASTALL TEMPC 2408y DASLES AD. KM VE

SETE). THET

Reason for Work: i~ Cy/@éT /// 207 6%

((- 2. werk to be performed in accordance with the following applicable ceastructicn
. or maintenance procedure: ' 7 % K12 2 el TIon] A2

ATTACHIED

/—v
3! ORA 93-307
.Fior to performing werk.

artup Engineer

4. Roguest Approved ;220 o & ’
Lead Startup Engincer /

5. This form must be signed and returned to the parily requesting
work is completed.
The above work has been corpleted. A work summary anc

i

the work when the

necessary docu-

mentaticn is attached. =

Superviso:z/Date

Field QC cr Operaticna.l CA/Date

6. The following retest(s) are recuired and completed:

LILCO Operaticnal QA Cngineer/Date Startup Engineez/Date

DISTRIBUTICH: O=iginal To: Organizacion fFerforming Work: ( ) Ual

co Construcstion

Superintendent (via Turnover CocrdinatoT) » ©F LILC

Startup.

Copies To: Qrganization Not Performing York: s ]

Superintendent (via Turnover Ceordina

ctartu™
~erational OA

Unico Tonstru
sor), or ( JLILZO

-
-
-

[l

A13571

s A
or  [tYES -

-~y '
/-S&iu Lea2 Adviscory Eng./Date

en

e

\\\ ¢

| 3

ate

ol th %
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{ PT.307.004A-2

/ 'INCONTROLLED
fa: Information Onlg

TABLE I

EDC NORMAL OPERATING PARAMETERS

Parameter
Generator Voltage

Generator Fregquency

Lube 0Oil Pressure

Turbo Oil Pressure

Jacket Water Pressure

Fuel Oil Pressure

Lube 0Oil Temperature (Cutlet)
Jacket Water Temperature (Qutlet)
Generator Winding Temperature
Generator Bearing Temperature
Generator Load
Generator Vars
Generator Current

Combustion Air Pressure

Diesel Generator Room Temperature

Diesel Generator Room Humidity

20

Range
4,160 + 190 volts,

60 ¢+ 1.2 Hz

50 to 65 psig

25 to 35 psig
20 to 30 psig
20 to 35 psig
170°F to 180°F
160°F to 170°F

less than 320°F
less than 180°F

greater than 1750 KW
greater than 700 KvVar
greater than 250 Amps
greater than 20" Hg
less than 120°F

less than 80% relative
humidity

JTG APPROVED NOV  § 1923

-310 volts

A1357



o . UNCONTROLLED
( PT.307.004A-2 For Information Only

TABL™ II

EDG SHUTDOWN/PRESTART PARAMETERS

Parameter Range

Lube Oil Inlet Temperature 140°F - 170°f

Lube Oil Level less than 10" from S/D mark
Jacket Water Inlet Temperature 140°F - 170°F

Jacket Water Level 9 - 1 o'clock

Starting Air Pressure greater than 200 PSIGC
Group I Shutdown Pressure greater than 50 PSIG

ITG APPROVED NUV &
21 A13573
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TABLE III

TEST EQUIPMENT LOG

L cal. due Procedure -
est Equipment Used M&TE#/ date Parameter Measured/Step No. |
re? 5.21 /
Lsstal 1, “aber 615/ A-3-R8  lloon ind g S
JT6P 5.0
Moiromte ’/‘/ (2-d§d |Len -5»:- fod. Tom /552t
Syl Lo

/ -
piyhenlor |29/ 3'/‘/?5 Relctn ity w‘?’

4

22 §1G APPROYED NUvV & ¥y
A13574



ABS. LARGEST PRINCIPAL STRESS [keil

LARGEST PRINCIPAL STRESS (keil

ABS.

| AE PISTON WITH CONVENTIONAL CROWN - ROSETTE C _~

60 -
'+ RUN 1 UP ‘/,/’
SOF + RUN 1 DOWN /({,.,./'
b O RUN 2 UP L
40+ O RUN 2 DOWN i
L O RUN 3 UP .
30 © RUN 3 DOWN ;
3
20 !
i
10 s
0 A L " " " A i e T i r e
0 S00 1000 1560 2000
PRESSURE (psil
goi-ME PISTON WITH MODIFIED CROWN - ROSETTE C
+  + RUN 1 UP
soF *+ RUN | DOWN
L G RUN 2 UP ,///}’//
40b © RUN 2 COWN
| RUN 3 UP
30
20
10
0 " i " " " A " l i A L i " L
0 S00 1000 1500 2000

PRESSURE (psil

O @as a function of pressure for stud boss rosette C with

conventional and modified crown.

FaAA-M-84-8-1



CHANNEL R1 (micro straoin)

CHANNEL Rl [micro etrain)

200
AE PISTON WITH CONVEN1 IONAL CROWN
[+ RUN 1 UP
! + RUN 1 DOWN
150 5 Run 2 up
- O RUN 2 DOWN
[ O RUN 3 UP
100F O RUN 3 DOWN
SO
0 2 2 2 P N " 2 A
0 S00 1000 1500 2000
PRESSURE ([peil
200 E PISTON WITH MODIFIED CROWN
[ + RUN 1 UP
: + RUN ! DOwWN
150F o RuN 2 LP
! 0 RUN 2 DOWN
' O RUN 3 UP
100
[ L
S0 /
0 A N 1 2 2 " " 1 o 2 ™ " 1 4 " o, & i
0 S00 1000 1500 2000
PRESSURE (peil
Axial strain as a function of pressure for strain gage rosette R
located at outer portion of wrist pin cavity.
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CHANNEL P1 Cmicro strainl

600__AE PISTON WITH CONVENTIONAL CROWN P
: + RUN 1 UP ~
sgoF + RUN 1 DOWN
L O RUN 2 UP
400k O RUN 2 DOWN
i O RUN 3 UP
O RUN 3 DOWN
300+
. +
200
100
0 S i 2 Sl 2 2 " i = e 5 al 1
0 SoQ0 1000 1500 2000

PRESSURE ([psi]

Axial strain as a function of pre-sure for strain gage rosette P
located at inner portion of wrist pin cavity.
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imicro strain)

CHANNEL N1

[micro strainl

CHANNEL N1

700 rd
L AE PISTON WITH CONVENTIONAL CROWN L

600F + RUN 1 UP »”

= 6

4 L patilie 0.1+ "
S00F O RUN 2 UP o

= -

4 R

400F O RUN

L {

- -*.,‘
e 7

upP

ad @ ™y

300

200

100

il - 500 1000 1500 2000
PRESSURE ([psi]
700 ;
| AE PISTON WITH MODIFIED CROWN 5}///’3
600F + RUN } UP o ;
i o : /9' ;
S0OF © RUN 2 UP o
. 2 i
T R ' } 0 |
400F O RUN 3 UP : ‘
| )%
) F s '
300r i
r Q i
200r -
100
0 i A 5 L " . A i - " P A e N Lo
0 50C 1000 1500 200C

PRESSURE (psi)

Figure 3-8. Axial strair as 2 functior of pressure fo- strair jas:
rosette N located near outer ring 2t 30C Fram wris® Jir cavite
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583

407

N

417

N\

éz;::%iiisz;th ‘.;::,..\\ 202

205

Pesults of templug measurement: of pear .emperature as a function of
position on crown (-upplied by TDI).
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Pair H.I Pair F,G

Location of strain gage rosettes on instrumented AE skirt.
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SUMMARY OF EXPERIMENTAL OBSERVATIONS
RELATED TO CROWN/SKIRT INTERACTION

AE

Gap, 9q» nominal 7.5

max 8.0

Gap .losure pressure, p¥, nominal 1000

bele min 820
max

closure/ 9(no closure) 3t nominal 0.88

1670 psig min i

1050



STRAIN READINGS AND CALCULATED STRESSES FOR AE PISTOM SKIRT
FOR THE COMPLETE STUD BOSS ROSETTES AT 1600 PSIG WITH A
CONVENTIONAL CROWN
(a1l strain values are in win/in)

The reported values are for 1600 psig, which differs slightly from the effec-
tive firing pressure of 1627 psig. This 1.7% difference in pressure is
considered to be nagligible,




COMPARISOM OF EXPERIMENTAL AND MNUMERICAL

VALUES OF CYCLIC STRESSES FOR THE AE PISTON SKIRT

gy = 0.0075 inch
load split = 88%

Experimental
Numerical |lcecccccecaa O ——
largest smallest
ocbserved observed
value value
toul -68.1 -44 -54
o.i" (. 0.88 olli) ‘60.0 ’38.7 -‘705
inertia load
“max = (- pressure load minus inertia ‘oad] ‘I i ot L4
1
op [* 9 (9g0x = min)! 30.9 19.9 24.5
1
q- [- z (dm + Jn‘r.)‘ -2901 -18.8 -2300

*Only sigmaIu was obs=rvad. All other values were calculated.



COMPARISON OF EXPERIMENTAL OBSERVATIONS OF
PEAK STRESS AT 1627 psig FOR AE PISTON SKIRT
WITH CORRESPONDING FINITE ELEMENT RESULTS USING
EXTREMES OF WRIST PIN BEHAVIOR

0111, ksi
rigid wrist pin 68.1
experimental, max 54
min 44
ave 49
soft wrist pin -41.4




CYCLIC STRESSES IN AE PISTON SKIRTS UNDER
ISOTHERMAL AND STEADY-STATE CONDITIONS

AE
................................. T,
[ Notes F.E. nominal min max
Umin } 1 (eemmccccncna “68.1 ecccccccn-- >
o lift-off |1 Ciisnonpmnisne T T et 5
- no lift-off | 1 [ SR—— | Py P ——— >
k] 2 96.9 83.7 45.7 121
Ko 2 118 24.0 7.95 283
9o
5 3 7 1.999 1.403 0 2,140
9 0.157 0 0 0.285
11 G 0 0 0
Satas 4 7 -57.5 -59,7  -60.3  -58.4
isothermal | 9 -62.1 -62.9  -62.0  -63.4
| 11 -66.7 -66.2  -63.8  -68.1
St 4 7 -33.0  -42,7  -50.9  -31.5
steady-state ‘ 9 -37.6 -45.9 -52.7 -36.6
1 -82.2 -49.1 54,4  -A1.6
Sax 5 | § 7| e 7.74 1.77 7.96
steaqy -state 9 l 7.37 1,77 1.77 7.40
l o 1.77 1.77 1.77
alT stresses in ksi, g, and & n mils '
Notes:

l. Frum isothe'mal finite element caiculations of skirt with crown, no gap
closure,

2. From finite element calculations and estimates based on experiments,

3. Maximum crown/skirt 1ift-off distance in mils based on crown/skirt model,

4, From crown/skirt interaction model.

5. Equals o

% with no lift-off if 5L = 0, adjusted from finite element %nax
with Tift-off if § > 0 by use of Crown/skirt interaction model,



COMPARISON OF PEAK STRESS IN STUD BOSS
REGION OF AE PISTON SKIRT FOR LOADS
APPLIED ON INNER AND OUTER CONTACT RINGS.

(Values calculated by finite element)

* oI ks
force pA applied by uniform displacement on:
inner ring 43,3
outer ring 3.3

p = 1627 psig
A = bore area



COMPARISON Ov EXPERIMENTAL AND NUMERICAL
GAP CLOSURE AND LOAD SPLIT

Experiment Calculated
Gap, 9o, Mils nominal 7.5 - -
min 7.0 -
"Ix 8.0 *n
Gap Closure Pressure, psig nominal 1000 1040
min 820 970
max 1050 1110
Load Split at 1670 psig nominal 88% 235%
min - 83%
ma x - 87%




COMPARISON OF SKIRT STIFFNESSES AS EVALUATED FROM
EXPERIMENTAL OBSERVATION AND CROWN/SKIRT INTERACTION MODEL
WITH CORRESPONDING FINITE ELEMENT VALUES

| AE
r
ki, kips/mil nominal | 83.7
min : 45,7
max ; 121
kgs kips/mil nominal ‘ 7.95
min 24.0
' max 283
e i e A s Al e o v
| ki | 81.2
ko 95.3
| Kio | 500
[ |
K 96.9
' kS 118
L
"o B
Kk K,



Oa(ksi)

100'-

Ouit

Mean and cyclic stresses for infinite fatigue life. The shaded

region shows the combination of stress amplitude
(0m) that will not initiate cracks.

(0a) and mean stress
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r 60
® Finite element

O Experiment

CYCLIC STRESS,
04 (ksi)

|
-60 -40 -20 0 20 40 60
MEAN STRESS, 0y, (ksi)

Stress states for isothermeal AE piston skirt for various gap
sizes plotted on graph of allowable stress amplitude as a function

of mean stress.
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99 Temperature

7 lIsothermal
7 Steady-state
Isothermal
11 Steady-state

CYCLIC STRESS,
Oa (ksi)
=00

1
-80 -60 -40 -20 0 20 40 60 80
MEAN STRESS, 0p (ksi)

Stress states for AE piston skirt for various conditions plotted on graph
of allowable stress amplitude as a function of mean stress for various gap
sizes and for isothermal and steady-state temperature conditions.
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SUMMARY OF FRACTURE TOUGHNESS DATA FROM THE LITERATURE FOR
NODULAR CAST IRON WITH STRENGTH LEVELS
SIMILAR TO 100-70-03

:g?-inl/z T 'F f?l" ;¥?' Elong. % Reference
L 70 133 80 3.6 6-6
36 70 85.3 76 1.6 6-6
48 220 116 90 - - 6-7
40 70 116 90 -- 6-/
~85 70 90 58 -- 6-7
25 75 >80 >62 >3.0 6-1
47 75 - 104 -- 6-1

Nominal value for calculations: 40 ksi-1n1/2.
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Reference Standard L. o/ Instrument _p//2 /7). SIN S /23547

' "..!
- ‘q -
-

Instrument

Freq. 2 MA  Gain_30 Volts/div __ o, & Phase 2/ ¢
Test Prove Lyl £r P~ /fos- IR/ S/N _écﬂ/@ﬂ /

Reference Probe S &ecl o=/  SIN_Eclpw-£-/

CALIBRATION

& _units @ —£&~ L0 . 3.2 units @ _—g  L/0
2.5 units ¥ _~=/ L/0 2.4 units @ _+/ L/0

STRIP CHART RECORDER
Type /;//f S/N Xz

( Channel 1 Channel 2
Sen A//A ‘ : Sen l//l
Position @ Null Point A/ Position @ Null Point st/ /e
Chart Speed .l/// mm/sec

Calibration Check

Time 2 °2) Fu Phase 217 Gain 20
Time _2 '35 Pm Phase ___ 2 /7 Gailn ___ 34
Time’ Phase Gain
Time Phase Gain
Time Phase : Gain
Time "~ Phase Gain
Time Phase Gain
Time Phase Gain
Time Phase Gain
L Time Phase Gain
Examiner o Lovel E Examiner A a5 Level __
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. INTEROFFICE CORRESPONDENCE

@ .
L?".;'?' SUBJECT / REFERENCE / J.O. NO.
DISTRIBUTION ~ 11600.37 C‘\.hr.}.\rn' No. 013-3YIA
LOCATION
R. MURRAY QEG TRANSMITTAL OF SAT I.R.'s
MESSAGE . —
ATTACHED PLEASE FIND e SATISFACTORY INSPECTION REPORTS

GENERATED BY THE QUALITY REVALIDATION INSPECTION GROUP AND REVIEWED BY
THE QUALITY ENGINEERING GROUP. THEY ARE FORWARDED TO YOU FOR YOQUR

INFORMATION IN ACCORDANCE WITH EDG QR/DR PROGRAM MEMO R. NAJUCH

el -2 . jdﬁj wsna

DATE * SIGNATURE 7 TELEPHONE

REPLY: : \/

DIST. R. NAJUCH (10C ONLY)
G. ROGERS prc W/ ATTACHMENTS

OAaTE ' $1GmATLAE TELE POt

b oears

o Ayt o as R b &
n} > &t ";_-\ -?-":v B BEFOTN DETACW u..nmnw-e:rv— '.m::-“
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EDDY CURRENT CALIBRATION REPORT
Job No. 0334/A Date JS-/3-8¢Y Report No. B4 03/3-/
Material Description _ Lodu/ar Ipot) PIsTot) SAIRTS
Code or Specification wo& //. 5 Full On — /s~ Full Off =~/ &5
Reference Standard /¥c 229~ 840229 Instrument m/2 /77 SIN 3282

Instrument

Freq. 27 M#> Gain 3o Volts/div .5 Phase 2o 2
Test Probe L#7 r£cp /oo pP SIN __Jpo P

Reference Probe Sl £cp 00 /P SIN /o0 pP-y

CALIBRATION

Z. 2 units 8 __ O L/0 /; & units @ +/, 5" L/0
2, O units @ P [ L/0 Lo & units @ 2. o L/0

STRIP CHART RECORDER

Type _ 1// SIN W //4

Channel 1 Channel 2

Sen /3 Sen A /A
Position @ Null Point /4 Position @ Null Point 4,7,/
i 7

Chart Speed N /A nm/sec
o i

Calibration Check

Time _ /¢ '3 7 Phase 20 2 Gain 30
Time /(4 ' 45° Phase 2o 2. Gain 3 A
Time /¢ ' 2 Phase _ 2 o 2 Gain .3 o
Time Phase Gain
Time Phase Gain
Time Phase Gain
Time Phase Gain
Time Phase Gain
Time Phase Gain
Time Phase Cain

-—

Examiner %2 é ’ — Level ZZ, Examiner Level
R&D-KR-3
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EDDY CURRENT

EXAMINATION REPORT

ET
Meterial Type: ~w Saei] Fabricated (] weldea FJ Cast
Lo oulAR L RoN gl “"| process: (] worked o
& Ter o
AsTew SKIRT Geometry: [J Pipe [J Plate [J] Rod [J Other: Zre c,b\g
~0
Cross Max. m"-/ Surface 5 Machined [ Ground o2
section /V//’ N/ condition: 1 As tébeicated [] Other: 2
. =
NDE Procsggdure : A
o (/,_fu Job no. 823 ¥/7 | Report no. £.413/3+/ ‘;:‘?
ot
Test condition: ver 2 _[viTHor 2 —2:A __unitat 9 Lo \)t
Unite 233813 __ Sen .30 Frq IAM2 2.2 uniter ! Lo osg
—
Full-on & = /5" pun-ort 1= /S A8 uniret 245 1o d
Reference no. /2% probe type L9627 /i & Unit at .*i&__l.o %
Magnitude Length
Indication no. of of Remarks B
2 indication indication Y
2
1Y
— AT R0 _LCleroRu e LR ‘S 3
L Bycalogwt  _ |wg,
o ]
S SH = SR> P ———————— e < - e & o
—— _J ;"l
B W
L
T -

Specific examination area

SCRAN HREA (4 S(RE BE/uUE «wASHER RBERK  ARostd |

RPOILS ,

Sketch or other data (use other side) 7
Acceptance criterla | guo/callon CyanTer 7hea| OPOrator: M‘f;—
N0 % of /iEFOmaces/ia ’dl-cvol: - Deto: -l,' ,(6:,,/
{\ ' 5T 7//1 - . — .
Attes? gb{ Z < A 7 IO 4
esponsible certitfod personnel Lovel Date '} €y %,

a2 ¥9) 730310/
uoled0|/jueld

2 N3 T
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Failure:
Associates

NONDESTRUCTIVE EXAMINATION PROCEDURE NDE: _11.5
Title: __EDOY CURRENT INSPECT1ON PROCEDURE Page_l of _2_
FOR_NODULAR PISTON SKIRTS Revision: _0

Date: 11/02/83

Reviewed - NDE Level m:ﬁgﬁ_%ﬁa»\ Date: /-/2-83

l.o
1.1

1.2

2.0
2.1

3.0
3.1

3.2
3.2.1

4.0
4.1

5.0
5.1
5.2
5.3
5.4

Purpose and Scope

To establisn calibration, scanning and evaluation techniques for eddy current
examination of nodular iron piston-skirts.

This instruction covers the eddy-current examination of the boss areas near
the 4-bolt-holes inside the piston skirt.

Personnel Certification

Personnel performing eddy-current examination shall be certified to SNT-TC-1A
Level II. .

 Equipment

Eddy-current instrument used with this nstruction shall be an impedance-
plane display instrument.

The eddy-current test probe shall be a FaAA-ECP-100-P or FaAA-ECP-200-P.

The reference crack standard shall be PAO-C-1.

Examination Surface

Only those surfaces that have a machined or ground finish shall be tested.

Calibration Procedure

Set frequency to 2 MHz for ECP-100P probe or to 500 KHz for ECP-200P probe.
Set volts per division at 0.5,
Set gain at 30.

Adjust vertical and horizontal positioning controls such that balance point
is at (Ov, 1lv).

FaAA-M~-83-8-10
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NONDESTRUCTIVE EXAMINATION PROCEDURE NDE: __11.5
Title:__EDDY CURRENT INSPECTION PROCEDURE Page_Z2o0f __2
—FOR NODULAR PISTON SKIRTS Revision: _0
Date: _11/02/83
5.5 Balance with probe on test piece.
5.6 Adjust horizontal attenuator such that horizontal saturation is greater than
1.5v and less than -1.5v,
8.7 Adjust phase angle such that probe lift-off causes the beam to move horizon-
tally to the right on the CRT.
5.8 Adjust gain such that the crack in reference standard PAQ-C-1 gives a 2v %
0.2v negative signal at the horizontal center of the CRT.
S.§ Repeat steps 5.4 through 5.8 until items 5.4 through 5.8 are accomplished
without further instrument adjustments.
6.0 Examination -
6.1 Examination shall be of machined areas on the boss where color contiast
penetrant show linear indications greater than 1/32 inch.
7.0  Recording Criteria
8 | A1l indication showing a crack indication greater than 10% of the crack
signal in the reference standard PAO-C-1 shall be recorded.
7.8 The length and orientation of the indication shall be recorded.
8.0 Records
8.1 The results of the examination shall be recorded on eddy current examination
reports. All required entries shall be addressed. A "N/A"™ shall indicate
when a response is not applicable.
8.2 A1l recorded signals shall be located by measurement from a specific point to
center of probe.
8.3 A1l calibration data sheets and examination records shall be filed according

to job number.

FaAA-M-83-8-10
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NONDESTRUCTIVE EXAMINATION PROCEDURE NDE: ____11.5
Title EDDY-CURRENT INSPECTION PROCEDURE Page 1 of 3 _

FOR NODULAR IRON PISTON-SKIRTS Revision: __1
Date: _11/02/83

Approved by NDE Manager: %”_ Date: _s/ey/c*
Reviewed - NDE Level lil: ﬁ.‘f“ : Date: _//3/& %

1.0 PURPOSE AND SCOPE o

1.1 To establish calibration, scanning and evaluation techniques for eddy-current
examination of nodular iron piston-skirts.

1.2 This instruction covers the eddy-current examination of the boss areas near
the 4-bolt-holes inside the piston skirt.

2.0 PERSONNEL CERTIFICATION

2.1 personnel performing eddy-current examination shall be at least a certified
Level 11 Eddy-Current Inspector, as per “FaAA Practice for Certification and
Qualification of NDT Personnel.”

3.0 EQUIPMENT

3.1 Eddy-current instrument used with this instruction shall be an impedance-
plane display instrument, .

3.2 The eddy-current test probe shall be a FaAA-ECP-100-P.

3.2.1 The reference standard shall be PA0-7396-831230.

4.0 EXAMINATION SURFACE

4.1 Only those surfaces that have a machined or ground finish shall be tested.

5.0  CALIBRATION PROCEDURE

5.1 Set frequency at 2.0 % 0.2 MHz.
5.2 Set volts per division at 0.5.
5.3 Set gain at 30.

5.4 Adjust horizontal and vertical positioning controls such that balance point
is at (0O v, 1 V).

FaAA-M-83-8-10
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NONDESTRUCTIVE EXAMINATION PROCEDURE NDE:__11.5
Title: EDDY-CURRENT INSPECTION PROCEDURE Page 2 _of_3
FOR NODULAR IRON PISTON-SKIRTS Revision: 1

5.5
5.6

5.7

5.8

5.9

5.10

5.11

6.0
6.1

7.0

7.1

7.2

8.0
8.1
8.2

8.3

Calance with probe on test piece.

Adjust horizontal attenuator such that horizontal saturation is greater than
1.5 V and less than -1.5 V.

Adjust phase angle such that probe lift-off causes the beam to move horizon-
tally to the right on the CRT.

Adjust gain such that the 1/16 x 1/32 inch EDM notch in reference standard
PAD-7396-831230 gives a 1.0 + 0.1 V negative signal at the horizontal center
of the CRT.

Repeat steps 5.4 through 5.8 until steps are accomplished without further
instrument adjustments.

Recalibration shall be completed at least once an hour.

Eddy-current instrument should be on at least 10 minutes before calibration
or testing.

EXAMINATION

Examination shall be of the legs on the boss where color coﬁtrast penetrant
show linear indications greater than 1/32 inch length.

RECORDING CRITERIA

All eddy-current crack indications with signal magnitude greater than 50% of
the signal magnitude obtained from the 1/16 x 1/32 inch EDM notch in the
reference standard PAD-7396-831230 shall be recorded.

The magnitude, location and orientation of the indication shall be recorded.

RECORDS
Set-up and caiibration shall be recorded on report form 11.1.10.

All recordable indication shall be recorded on report form 11.5.8.4 (see next
page).

A1l records shall be filed according to job number,

FaAA-M-83-8-10
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0.126° long
0.082° deep

0.062° long
0.032° deep

0.032° long

/0 016° deep X
/ ]

. ammnbale - - - - 1"

le5/8%]

— 1'—»14-—1'——!

4-13/10° ——»

Chemical Anaiysis
iron 92.668%
Carbon 3.46%
Silicon 2.43%
Fractions ¥ 1/64" Other 1.542%

Slot width less than 0.0056°

Note: Material from TDI piston skirt.

OESCRIPTION: Nodular Iron reference standard Failure Analysis Associates
PAO-7396-831230 EDM on machine surface 2225PE38i B(B)aym% Road
TOLERANCES UNLESS OTHERWISE SPECIFIED DRAWN CHECKED APP'D Palo Alto, Caxlilomia 94303

XXX -t [ W M DATE CASE ewa. 831230

x.Xxxx-t0.002" 1-3-84 PAQO73u6
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Failure

.
ENGINEERING AND METALLURGICAL CONSULTANTS
2225 EAST BAYSHORE ROAD
PO BOX 51470 PALO ALTO. CALIFORNIA 94301 (415) 858-9400

MEMORANDUM
T0: Mike Milligan DATE: February 17, 1984
Bill Judge
FROM : Donald 0. Johnsongg RE: Shoreham Nuclear Power Station
FaAA Job # PA07396

SUBJECT: Report on trip to Kodiak Electric Association, Inc. on January 22
to 27, 1984,

The trip to Kodiak, Alaska, with Bill Judge from Long Islend Lighting Project
Office (LILCO) at the Shoreham Nuclear Power Piant Station included inspection
of AE pistons and gathering of operating information on their Transamerica

Delaval (TDI) diesel engines.

The people we contacted at Kodiak Electric Association, Inc. (KEA) were
Rosahul Baldurn and Carl Gronn. They were very helpful in our 1nsbection and

gathering of information.

The pistun skirts that were examined came from engine number 4, serial number
79026-3029, model DSRV 16-4, date of manufacturing 8 August 1980, horse power
87508HP, RPM 450, There were two pistons that were pulled for inspection, one
piston was for LILCO and the other for DI to inspect. [ did an informational
inspection on the replacement pistons for KEA, I found no crack-like

indicaticns above the recording threshold.

PALOALTO o LOSANGELES o HOUSTON o PHMOENIX o DETROIT o BOSTON



February 17, 1984

Page -2-

The AE piston that was designated for LILCO was penetrant tested to NDE-5.2
and Eddy-Current tested to NDE-11.5, The penetrant test was the first part of

the inspection and eddy-current was to verify any penetrant indications,

The inspection was of the boss areas as directed by NDE Procedures 6.2 and
11.5. One area was found to have a penetrant indication 3/4" long. Upon
inspection with eddy-current there were no crack-like indications noted, The
piston was shipped to Palo Alto to be examined at FaAA's lab, In the
laboratory, I reinspected the piston to both NDE-6.2 and NDE-11.5 and found no

crack-like indications,



PEAK FIRING PRESSURE ON ENGINE #4

March 31, 1983, 4000 kW, 7200 hours

IR 890 L 970
2R 790 2L 960
3R 1000 3L 980
4R 970 4L 940
5R 990 5L 920
6R 990 6L 930
TR 890 L 910
8R 930 8L 920

March 2, 1982, 5600 kW, 4201 hours

IR 1320 1L 1320
2R 1300 2L 1280
3R 1300 3L 1280
4R 1310 4L 1260
5R 1340 5L 1300
6R 1300 6L 1240
7R 1340 7L 1240
8R 1300 8L 1240
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."11.1.10 Analysi

EDDY CURRENT CALIBRATION REPORT ASSC ﬁ

Job No. 0334/A Date JF-/3-%¢Y Report No. B4 03/3—/

Material Description _ gol¢/ay JTpo# PLisTon) SKA/RTS
Code or Specification wo& //.5 Full On — /5™ Full off */ 5

Reference Standard /0 72:9¢~ 840229 Instrument m,2 /7 SIN 32823

. Instrument

Freq. 2 M4z Gain__3o Volts/div _ 0.5~ Phase 202
Test Probe L4y £cp /0o P SIN __Jgo P
Reference Probe fo# £c2 /00 P SIN_ZL00 P-/

CALIBRATION

Z. A units@ O L/0 /, & units @ +/,5 L/0
 F Q units @ + |/ L/0 [ & units @ 2 o0 L/0

STRIP CHART RECORDER
e /K SIN_ /A

Channel 1 Channel 2
Sen /A Sen A /A

Position @ Null Point Y7 Position @ Null Point 444’4

Chart Speed /A mm/sec
3

Calibration Check

Time __ /¢ '3 7 Phase _ 20 2 ~ Gain __30
Time /¢ ' 45~ Phase Zo 2 Gain _ 3 4
Time /¢ ' S22 Phase 2o 2 Gain J o
Time Phase Gain

Time Phase Gain

Time Phase Gain

Time Phase Gain

Time Phase Gain

Time Phase Gain

Time Phase Gain

Enminor%unl &‘ Examiner Level
R&D-KR-3 g
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Failure
Analyss
EDDY CURRENT EXAMINATION REPORT
Associates

Material Type: - Fabricated | [J welded X Cast ey
LooubAaR L RoN P15 Taws SKiAT| process: ] worked
PsTon SKIRT Geometry: [] Pipe [JPlate [] Rod [ Other 44t
Cross Max. m"-/ Surface 4 Machined (] Ground
section Vs N condition: .
et e ,V/Inch ﬁch [ As tabricated [ Other:

NDE Procedure
-

Job no. 833 ¥/7

Report no. $443/2+/

S bw S 50,90

O 1 yIyS MUS "Q'1 Wwevodwo)

FaAA-M~-84-2-7

Test condition: Ver 2 _[viT Hor 2 —2:2 _ uUnitat 9 Lo
Unit » 233813  Sen 30 Frq IMF2. 2.2  unitat ! Lo
Full-on ® = /S pyn-ott =15 L8 unit et £45 o
Reference no. /%#/ _ Probe type .L%2 P /& unit at 222 Lo
Magnitude Length
Indication no. of of Remarks %
indication indication \\3
-
- Co
[ 2(caTigw s W o
v
[P
(7™
£
Specific examination area )
O
ma
| SLAN HRER 4 SIRE BEJilE whSH BE
ARDI&S . NS
o\®
N=
»0
a3
]
£
Sketch or other data (use other side) m
’ Operator: LY Jghwsew | &
Acceptance criterla | guo/caTlon GyeaTer 7in : 7R N
” % “F /Y“-ﬂﬂﬂffsf' Level: D.t..w L;
e
Attest Z_ By
esponsible certiffed personnel Level Date 4 ]
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T0: Mike Milligan DATE: February 3, 1984
Nelson Irvine
FROM: Donald 0. Johnsm@/ RE: Shoreham Nuclear Power

Station FaAA Job # PA07396

SUBJECT: Report of Trips on 1/10/84 to Transamerica Delaval,
Oakland, California

[ went to Transamerica Delaval (TDI) in Oakland on January 10, 1984, to
inspect two AE-type piston as representative of Long Island Lighting Company
(LILCO). I used a color contrast penetrant method of inspection described in
the FaAA Nondestructive Examination Procedure, NDE 6.2, Revision 0, dated
October 12, 1983. The procedure was accepted by LILCO's Nelson Irvine, Level
[I1 inspector of their Field Quality Assurance Division.

Al Fleischer at ... arranged the tests of two pistons that were run 687
hours. The two pistons were crated when we went to their training center to
do the finspection. There was a description of the material on top of one
crate.

RS Test Pistons - 03-341-04-AF

Piston Skirts were tested in R5-V12 for 687 hours at 302 BMEP and 514 RPM,
Testing included 51 start-and-stop sequences. Heat numbers were 7085 C-31 and
7085 C-33. The crates were opened, and | photographed the pistons showing the
heat numbers and other markings. | noted that these pistons were the old
style: the wrist pin boss area was thin, and the first rib above the boss
area where the crown bolts to the skirt was very narrow, the same as the AN-
type pistons,

The next step was to complete the color contrast penetrant test to FaAA
Procedure, NDE 6.2. Ouring the inspection | observed that there was a layer
of plating on the inside of the skirt and that the casting was very smooth,
different from general production runs of cast material, The inside of the
skirt was cleaned, and all the flash was removed. The boss area was very
smooth, as 1f polished by cratex, and all the ground areas were very carefully
polished, with smooth radius into boss.

There were no indications noted according to our acceptance criteria., The
next step was to use eddy-current to inspect the boss areas and the lower
web, | also checked plating inside and out, There was evidence of plating on
the inside below normal areas. The plating was very thin, approximately
0.0005 inch to 0.0001 inch,

I found three indications with eddy-current on piston C-.31 as shown on drawing
11.5.8.4, The attached reports and a photo pack will document the report,
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11.1.10 Analysis

EDDY CURRENT CALIBRATION REPORT Assoaate.
Job No. PO 7394 Date /-/0-~8Y Report No. A0 7394-8Y 400!
Material Description LDolylay CAHST /Rok)
Code or Specification U o0f /.5 Full On —/ ¢~ Full Off 7/, 5§~
Reference Standard _PAJ -c- / Instrument M /2 /7 S/N
Instrument
Freq. 2m 2 Gain__ 30O Volts/div _ O, 8 Phase Z/ &
Test Probe Pou R £EP-/00-P) S/N E c P-r00~ -y
Reference Probe of £ 2- 100 B~/ S/N ZchP (oo LB-/
CALIBRATION
4 units @ _—/s” L/0 3,2 units @ _—&  L/0
55 units @ — / L/0 2.4 units @ £ /  L/0
STRIP CHART RECORDER
Type Ai/é S/N /V//S‘
Channel 1 Channel 2
Sen ﬂr//ﬁ Sen ////4
Position @ Null Point ‘//1[- Position @ Null Point A//A&
Chart Speed /V/A £ mm/sec
/

Calibration Check

Time 2 Pm Phase __ 2 /&~ Gain __ 20
Time 2 /5" Fm Phase > & Gain 3
Time Phase Gain
Time Phase Gain
Time Phase Gain
Time Phase Gain
Time Phase Gain
Time Phase Gain
Time Phase Gain
Time Phase Gain

Examiner Level Examiner
R&D-KR-3
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Failure
Analysis

Assalates LIQUID PENETRANT EXAMINATION REPORT
Type: MoOulav Fabricated l [ ]welded [vTCast PT
A Miterial CAHST |Row Process: 4/# | [ ] wWorked e
. : . HE S 7oa)
Georetry: [ ]Pipe [ JPlate [Rd [ Other: HE /<7 g
Cross Max Min Surface P? Machined ‘[53 Ground 2
Section Condition: [ ] As Fabricated Other: #s cHST = -
Thickness: wjy | g Inch | ¥/a lnch §§,
B. NE Procedure SurfaceMat '1. M&TE. MR /PR,
Inspection Materials Brand Designation Batch Mo.
1. PreLleaner av Prox 9 PRSsS™I C - 99%
2. Penetrant - 76 ¢ 01353
3. 1sifier and/or 9 pr o5 C-56Y
4, Developer 906 103 x
5. é?t Examination 9 PR STS 2 ?‘}/ &
Setch or other detail (use other side if necessary): g;g
Pistor # ¢ 3/ 3§
~
WO
\ a ]
€9
Vi ™~
Report below those indications cbserved and the pertinent information D
C Ealution required. Where additional space is required, use other side. 3
Action P
Locat ion Size Description (Accept /Reject,, and comment NS
(Inches) as necessary) Ve
N g
1 o
‘N E fouwd Q=
L § s
~N
3 N
S
‘-
Oper Jobhwson )
) i ator: O Johwg
D. Acceptance Criteria NOE 6./ + &2 S Chlsen X
E. Attest
Responsible Certified Personnel Level Uate
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Failure_

11.1.10 Analysis
EDDY CURRENT CALISRATION REPORT Assodiate:
Job No. PAp 7394 Date /~ /3- R Report No. _/AH0 7394 - 54/30/
Material Description Lol /ay IR Prs/ow Ski1v7
Code or Specification woe /L5~ Full On — 437 Full Off 7.3
Reference Standard Instrument M/2 /2 S/N 8/3334'7
Instrument

Freq. 2 mas  Gain_ /& volts/div _ O, ¢ Phase 2/

Test Probe /00 [F P~/ SIN _ g -~/

Reference Probe /0o £cP S/N B Qoo - B-2

L €
il CALIBRAT 10N meed
2.4 unitse —/57 L/0 2 units @ _— /3" L/0
2.0 units @ — / L/0 2., & units @ 7 / L/0
STRIP CHART RECORDER
Type f// SIN _ A/
Channel | Channel 2

Sen /V//? Sen W

Lt 7. o 7 -
Position @ Null Point /V// Position @ Null Point ,V/y
Chart Speed /V/%f mm/sec 4

/
Calibration Check

Time 220 Pmy Phase 2./8 Gain 1857 (WO Clgug f)
Time _ 2 ' 4S " P Phase 2 /g Gain (ST ((A¥ Chynge )
Time Phase Gain
Time Phase Gain
Time Phase Gain
Time Phase Gain
Time Phase Gain
Time Phase Gain
Time Phase Gain
Time Phase Gain
Examiner Do Jobwsew Level lz Examiner Level

R&D-KR-3
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COMMENTS

These two pistons were plated on the inside completely

1. Machine areas were very smooth in boss area.

2. Grinding was done very carefully on boss area.

3. Piston # C33 one of the boss areas where lip on outside show smashing
like a washer hit edge. The edge was rolled over.

4, These castings look better visually in boss area. Also T could not see
any cast material without coating.
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PAO7396

Penetrant Inspection at TDI Oakland.

1)
2)
3)
4)

Meet with Al Fleisher
Inspected 2 Pistons
Could Not Pick Up Blue Prints

Tested Pistons No Relevant Indication

01/10/83



Piston Temperature 11°C

Note on Crate

R5 TEST PISTON

03-341-04-AE Piston Skirt
Tested in R5-V12 for

687 hours at 302 BMEP & 514 RPM
and Stop Sequences

Heat Numbers

708 J
Piston# C-31
or
Piston# C-33

Time of Penetrant was 3:00 p.m. on piston C-31, 3:10pm on piston C-33

cleaming till rag showed no oil
Drying time for cleamer after light wipiig 15 minutes before penetrant applied
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LUBRICATING OIL SYSTEM.

The lubricating oil system is of the dry sump type which has a sump tank for holding the oil supply Oil is
circulated through the system by an engine-driven pump. Refer 10 the lubricating oil pioing schematic drawing
in the “Drawings” section of this manual for the specilic details of the systam, relative location of major
components, direction of flow, and notes relative 10 installation of the system.

FLOW PRINCIPLE.

Pump suction draws the lubricating oil from the sump tank and discharges it 1o the lubricating ol cooler Flow
from the cooler 1s through a lubricating oil filter and pressure strainer to the engine main headers A branch
line from the strainer takes oil to the turbochargers Return is by gravity flow from the ergine base 10 the sump
tank. Separate nes direct return flow from the turbochargers from the sump tank A relief valve, set at 70 psi.
provides protection to the system, and pressure regulating valves regulate the system pressure

KEEP WARM CIRCUIT.

A “keep warm” circuil 1s provided to maintain the lubricating oil charge, and thereby the engine in a warmed
and lubricated condition when in the slandby status Heaters at the sump tank warm the o/l which 18 then
pumped by the keep-warm pump 10 the keep-warm filter and strainer and then 1o the main engine lubncanng
oil header  To prevent fiooding cf the turbochargers, there is no supply to the turbochargers in this circut. The
lubricating oil heater thermostat should be set at 150° F.

PLACING LUBRICATING OiL SYSTEM IN SERVICE.

Before the engine is first started, the assembled lubricating oil piping system mus! be thoroughly flushed with
ol Disconnect the pipe at the pressure strainer iniet and arrange a temporary bypass from this pipe 10 the
sump tank. The bypass will permit oil Circulation through the pipes without hilling the internal lubricating ol
system of the engine Several thickness of cloth sack should be secured 1o the outlet of the bypass 10 calch
debris as it s flushed out. The sump tank and engine base must be thoroughly c'eaned before being hlled The
auxiliary lubncating oil pump, or any other continuous duty pump of sutficient Capacity, can be used 10 pump oil
dunng flushing operations  Flushing should continue for at least eight hours if care was exercised dunng
tabncation of the system. As much as 24 hours of flushing may be required for a dirty system When oil 15
circrilating through the system, the pipes should be thoroughly pounded several times with a heavy hammer
1o loosen dut and debris Mot flushing oil will ciean better than cold oil  Piping around the oil cocler requires
special attenton 1o insure thal the pipes and oil cooler are properly fliushed Precautions mus! be taken to
insure the compiete removal of testing fluids. water or other iquids betore attempting to tlush the cooler

Note

Engines may be recewved with the strainer mounted on the engine and connected 10 the
engine lubncaling ol header. If itis centain that the connechons between the strainer and
the engine oil header have not been disconnected since the engine left the factory the
following paragraph may be ormtted

Disconnected jumper tubes between the engine lubncaling oil header and the main bearings. and between main
headers and auxihary headers Secure a fine screan such as a nylon stocking over each mamn header hting 1o
catch ded 3 thalt may be washed Ihrough as the system is fiushed Cover main bearing fittings and open ends
of aumihary headar feecers to prevent the entry of it Engine 0il should be pumped through the open syster
for at least four hours {0 be sure that any foreign matenal remaining 1n the headers 1s removed Reassemble
internal tubes and brackets as required
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PART K — LUBRICATING OIL SYSTEM

FILTERS AND STRAINERS.

The full flow filter continuously filters all of the lubricating oil from the pumg before it passes to the oil strainer.
The length of time that the lubricating oil and the filter elements may remain in service can best be determined by
carefully watching the result of oil analysis and the preisure drop scross the oil filter. Change period will vary with
the operating conditions to which each individual engine is subjected. During the first two or three days of engine
cperation after initial installation, or after a major overhaul, the strainer at the pump suction and the strainer at the
oil header inlet should be checked and cleaned as nacessary to remove any debris and other foreign matter that may be
peesent. If 8t any time the oil pressure gauge shows a low reading, the following should be done to the degree necessary
to correct the situation.

a Check the oil leve! in the sump tank.

b. Inspect strainer, filter and lubricating oil cooler. A lesk in the cooler may be detected by a sudden increase
in oil consumption, and by the presence of oil in the cooling water system. Leakage may occur in the packing between
the tubes and the tube shet, or may be due to tube erosion, depending on the construction of the cooler.

c Inspect all external and internal piping for tightness snd freedom from obstructions.

d Dismantie and inspect pump.

LUBRICATING OIL PUMP.

The engine-driven lubricating oil pump is a positive displacement, rotary type. As the pump rotates, the unmeshing
of the teeth of the two gears produces a vacuum which draws oil between the tooth spaces. Oil is confined in the space
between the gear teeth and the housing, #d is carried to the discharge side of the pump. The meshirg of the gears
forces the oil into the discharge line by displacing the oil from the tooth spaces as the opposite gear enters the space
The pump is mountad on the engine gearcase by means of an acapter, and is driven by the idler gear through agear
~arrier assembly. A spline on the pump shaft engages internsl splines on the gear carrier sraft coupling Refer to figure
6-K-1 for mounting details.

REMOVING PUMP.
To remove the pump from the engine, do the following

') Remove the inlet and discharge piping as we!l 3s any other interfering piping or accessories.
b Position a sling on the pump and attach to a chainfall and take up the slack.

. Remove the capscrews that secure the pump to the adapter and pull the pump directly away from the
engine until it is clear.

6-K-1 IR
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PART K — LUBRICATING OIL SYSTEM (Continued)

ruMP

CAPSCREW-HEX HD

GASKET

ORIFICE

SHAFT "

ROLL PIN -

R :
WoMEX MD A \

BUSHING N NN\

CARRIER

GEAR

courLing N

—IN NAL SPLINE

EXTEANAL SPLINE \

CAPSCREW N

~SOCKET MO T

ADAPTERN R R

GASKET .l-

//
f
|
T

7
'L
s
P

- - - .-
PP PY NACORNRIILUN -

\ \‘\\ \\}i\

—P7

Finahed Facs of Base > ‘
DW3. 100218 o @ Finshad Facas of Geercase

Figure 6-K-1. Lubricating il Pump Assembly

o,
17 ,/
7
72

1

PUMP DISASSEMBLY (See Figure Z-K-1).

If it is necessary to disassemble the pump, exercise care to keep the parts clean so that no dirt, grit or other foreign
matter will be presant when the pump is assembled. Disassemble as follows.

» Remove spline trom pump shaft, taking care not to exert eny internal torces on the pump parts.

b Remove hex head screws from the faceplate end of the pump and remove the faceplate which contains
two bearings.

c. Remove idler gear and shaft, then the drive gear and shaft.

d. Remove hex head screws from backplate end of pump housing and remove backplate which contains
two bearings.

e Caretully examine the surfaces of the gears. Slight burrs or feather edges may be removed with a hand stone

1 Exarnine bearings and clean oil grooves and passeges.

A/AVIRope 28771 75

g Remove burrs and foreign matter on gatketed surfaces of end plate and case.

h.  Check bearing wea:, using the table of ciesrances provided on next page
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PARTK — LUBRICATING OIL SYSTEM (Continued)

6-K 3

TABLE OF CLEARANCES
Roper Pump Company Figure 2877 Type 1

SHAFT OUTSIDE DIAMETER TO BEARING INSIDE DIAMETER®

Bearing Inside Diameter b ; : .. . . . 20050 -2.0C55"
Shaft OQutside Diameter . . . . « « - « « =« =« =+ = 2.0000" — 1.9995"
DiametricClesrance . . . . + « « & s o+ o+ o= o= o= ow 0.0050" - 0.00€5"
Maximum permissibie operating clsarance 0.0100"

NOTE: Wear can occur in bearing 1D or shaft 00. Tots! of both not to exceed 0.010"".

GEAR OUTSIDE DIAMETER TO CASE BORE®

S i i os i e n RIS | et !
Gear Outside Diameter . . . . . . . « « « = + &+ & = 5658 —5657"
Initisl Clearance . . . . . « « « + « + & = = & & & 0.009" - 0.012"
PUMP LATERAL CLEARANCE"*
et T A G VI SRR T ol e B 8.751" - 8.750"
R i e o e e LR B 4w e I s 8.750" — B.745"
Totsl Compressed Gasket Thickness . . . . . . . . . . 0.014” - 0.016"
Total initial Latera! Clearance . . . . . . .« . - - . . 0.018" - 0.014"
*Not considering roundness, concentricity and positioning tolerance.
. * *Not considering squarness, perpendicularity and positioning tolerance.

PUMP REASSEMBLY.

Assembly is the reverse of disassembly. The spline must be mated to the shaft without exerting any internal forces on
the pump parts. The tapered end of the idler gear shou!d be meshed to the opposits end of the drive gear. Taper ends
sre designated by the letter “T™ appearing in the root area of the pear teeth,

INSTALLATION OF PUMP.

Before mounting pump on engine, make sure pump rotates freely Mount pump to adapter, engaging dowel and the
pump shatt spline with that of the gear carrier shatt. Use a gasket between thr pump and the adapter. Assemble nuts
on studs, and capscrews. Tighten. Lubricate pump through ports with any good grade of light weight cil to insure
pump will not be dry at the time of initial starting. When installing piping, do not force as the strain imposed will
cause undue wear on the pump. No external lubrication is required as the pump s seif lubricated by the ol it pumps
during operation

PUMP GEAR CARRIER ASSEMBLY.

The pump gear carrier assembly consists of » shaft, supported by two bronze bushings, pressed in the carrier assembly
with their flanges 1o the inside. The pump end of the shaft has an internally splined adapter, attached to the shaft
with a roll pin, which sccepts the spline on the pump sha’t. The drive gear 15 mounted on the sha't between the two
bushings and engages the idler gear. The carrier assembly is secured 10 T™he engine biock by caoscrews and locking clips.

n/Av|Aope 28771 78
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Instruction Manual 6K4

PART K — LUBRICATING OIL SYSTEM (Continued)

DISASSEMBLY AND ASSEMBLY OF GEAR CARRIER ASSEMBLY.
To remove the pump gear carrier sssembly, the pump must be removed as outlined above, then the gearcase removed.

'S Remove lubricating oil lines from carrier assembly.
b. Bend back locking clips and remove Capscrews. Remove carrier assembly.

c. To remove gear, shatt and bushings from carrier assembly, remove gear-to-shaft roll pin then press shaft
out of gear. With shaft and gear removed, press bushings out of drive bracket.

d. Assembly is the reverse of disassembly. Use new locking clips.

64
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PART K - LUBRICATING OIL SYSTEM (Continued)

NEEDLE VALVE

SPRING BUFFER CAVITY
CAP SLEEVE

SPRING SPOOL VALVE

SENSING CHAMBER

Figure 6-K-2. Qil Pressure Regulating Valve

PRESSURE REGULATING VALVE.

Lubricating oil header pressure in the engine 1s regulated by 2 pressure regulating vaive, mounted on the pump discharge
piping so that the pump discharge is directed 1o this valve before reaching any other system components Set at 50 psig,
it senses header pressure and regulates the bypass volume 1o maintain the set header pressure Besides requlating header
pressure, the valve protects the system ‘rom excessive pressure during starts with cold oil, or when flow 1n the systerr 15
restricted between the pressure regulating valve and the header pressure sensing point The functiorung of the valve is
as follows

a The “IN" port of the valve is connected 10 the pump discharge line and the “"OUT" port s connected to a
bypass line leading back to the engine base A sensing tube, connecting the valve seal cap 10 a point on the main engine
oil header, apulies header pressuire 10 the valve pressure sensing chamber

b The pressure in the sensing chamber acts against the end of a spool valve, compressing a spring 21 the
adjusting screw end of the assembly If the senser pressure rises above the set point, the lands of the spool vaive will
clear the lands on a sieeve Oil then flows from the inlet section 10 the outlet-section of the regulating valve and back
1o the engine base 10 bypass a part of the pump drscharge to reduce the pressure 1n the header

c A drilled passage connects the inlet section of the valve 10 the annular spece around the spon! valve at the
adiusting screw end  This allows pump discharge pressure o act against the end of the sleeve and oppose the spring
force at the other end When an excessive pressure differential exists between the pump discharge and the header
pressures, such as when starting with cold oil, of because of an obstruction in the system between the reguiating valve
and the header pressure sensing point, the slaeve 15 forced towards the sensing chamber end, compress ng the spring
This will uncover the lands ot the spool valve and the excess oil will bypass through the spool valve and the excess
oil will bypass theough the outlet side of the vaive back 10 the angine Dase
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PART K — LUBRICATING OIL SYSTEM (Centinued)

d. The oil mummummmm.nnwmwmm,ﬁn leak past the sealing
grooves of the spool velve and into a cavity in the cap. This cavity functions s @ buffer chamber. To stop velve
oscillation, an adjustable needle valve controls oil spilisge from the buffer cavity 10 the outlet-eection of the valve.

e. The oil header pressure is set by k\cruﬂnoud-a-immsprimfaamimmimwm pressure
., the vaive sensing chamber. Turning the adjusting screw in will increase eader pressure, and backing it out will
decrease pressure.

1. Normal lubricating oil pressure is 50 psi, measured between the engine lubricating oil strainer and the
engine oil header which is also the pickup point for all gauges and other instrumentation that show or indicate engine
lubricating oil pressure. Lubricating oil pressure shutdown devices may take their sensing point at the opposite end of
the sngine in which case the shutdown set pressuré will take into account the normal change in pressure between the
supply end of the engine and the shutdown sensor under all conditions of engine speed and iubricating oil temperature.

ADDING LUBRICATING OIL.

The lubricating oil sump tank is provided with a fill connection and a dipstick, located on the top of the intake section
of the tank. A level indicator may be provided at the control panel for monitoring purposes, however, the level in the
sump tank should be verified by means of a visual reading of the dipstick before oil is added t0 the system, and the
expected rise in the level in the sump tank must be verified by meens of the dipstick. Oil may be added 10 the system
with the engine running of with the engine stopped. The dipstick has two sets of marks, one for the static condition
and one for the running condition. The markings are “Full Static” and “Low Static” on one side of the dipstick, and
“Eull Run” and “Low Run” on the other. Before oil is added, it should be determined that the correct oil is available
Appendix VI of this manual contains the recommended specifications for the lubricating oil to be used.

CAUTION

Oil must never be added from any location other than the fill connection on the sump tank. Do
not overfill. Attempting to fill from any other location could result in oil reaching other than
design locations.

6K6
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PART K — LUBRICATING CIL SYSTEM (Continued)

SELECTION OF A LUBRICATING OIL.

The selection of a lubricating oil to be used in the engine is a complex matter, and is very important to the engine’s
successful operetion. The recommendations of both the oil supplier and the engine manufa~ urer should be carefully
considered. Transamerica Delaval’s recommendations for 3 suitable lubricating oil are stated in Section 8, Appendix V1.
Other factors 1o be considered include the price, service life, load factor and fuel sulphur content as well as the filtration
and oil purification system used

CHANGING LUBRICATING OIL.

Once an oil has been selected the engine user, in consultation with the oil supplier, should map out 8 plan for periodic
sampling and laboratory analysis of the oil. A careful review of these resuits by the owner, the oil supplier and the
testing laboratory can then become the basis for deciding whether or not the oil needs 10 be changed. Transamerica
Delaval recommends that oil be changed on the basis of condition of the used oil rather than on a time schedule

ANALYSIS OF OIL.

Various chemical and physical tests have been developed to classify and identify new oil, and to determine what changes
nave occured in these oils while in service. The American Society for Testing Materials (ASTM) has standardized these
tests, and certain of these tests have been approved as an American National Standard by the American National
Standards Institute, Inc. (ANSI). Transamerica Delaval, as stated in Section 5, recommends that representative o1l
samples be submitted to 8 qualified laboratory for anaiysis on a monthly basis, or oftener if operating conditions
indicate. The following tests should be conducted

' a  OIL VISCOSITY - Tested in accordance with ASTM D88, D445, ANSI Z11.2 and ANSI 211107 The
viscosity test will indicate whether the proper grade of oil is being used, and will indicate oxidation (by increased

viscosity) or fuel dilution (decreased viscosity). The oil supplier can provide advice regarding the significance of the
specific values obtained

b. WATER/GLYCOL CONTAMINATION — A measure of water and/or glycol contamination of the oil can

give warning of potential problems Water or glycol contamination can come from lingr seals, turbocharger casings o
faulty lubricating oil heat exchangers

L NEUTRALIZATION VALUE — Test ir sccordance with ASTM D664, D974, ANSI 211.59 and ANS!
211131 Engine oils are intentionally formulated shightly alkaline so that they are capable of neutralizing the acidic
compounds that form from products of combustion ancd of oil oxidation. Generally this reserve alkalinity s depicted
and the weak organic acids that attack bearing surfaces can be destructive. Periodic evaluation of Tota! Base Number

(TBN} and Total Acid Number (TAN) are an important measure of oil degradation. As time goes on, TBN s depleted
and TAN begins 10 rise.

d. PENTANE AND BEZINE INSOLUBLES — ASTM DB893. This test is a maeasure of oil insoluble materials,
oil resinous matter trom oil or additive degradation, external contamination, fuel carbon and highly carbonized materials
from degradation of fuel, oil, additives, engine wear and corrosive materials

e SPECTROGRAPHIC ANALYSIS — This test is used to measure quantitively the mineral elements in the oil,
including wear or corrosion metals such as aluminum, chromium, iron, copper, silver, isad and tin. Also, dirt contam
nants from the coolant such as boron, potassium and sodium.

Note
The Transamerica Delaval Customer Service Department in Qaklang, California will welcome any
correspondence regarding O/l selection and/or testing Although Transamerica Delaval cannot
. recommend 3 specific lubricant, nor accep! any responsibility for the performance of the iubr:
cant selected by the owner, it will be pisased 10 discuss its exper .ence with a given ol product
or review your 01l anatysis and offer comments

oo ® 6K.7
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PART K ~ LUBRICATING CIL SYSTEM (Continued)
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Figure 6-K-5. Twrbocharger Beoring Drip Lubrication System

TURBOCHARGER BEARING LUBRICATION.

The turbocharger bearings are lubricated by the engine lubricating oil system during normal engine operation On the
other hand, when the engine is in standby status oil is not circulated to the turbocharger The design features of the
Eiliont BCO 90G turbocharger ars such that the prolonged circulation of oil to the baarings while the turpocharger 1s at
rest will result in oil intruding past the bearings into the turbine section. To prevent failure of the bearings during 3
start, however it is sssential that the bearings ba properly lubricated during prolonged periods in standby A drip
lubrication system is provided to perform this function (see figure 6-K-3). Lubnicating ol from t* sep warm’’ supply
is pazsed through & 60 micron filter then through a 0.014 inch diameter orifice to @ sight plass. . . sight glass. one for
sach turbocharger, provides a means for positive determination of oi! flow to the bearirgs. This flow is sufiicient 10
provide for proper lubrication of the beariigs without fl0oding the turbocharger Little maintenance shouid be requirad
other than the possible replacement of filter elements.
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Chapter 3
ENGINE TYPES
Dll-:.\'ltl. engines may be classified roughly into the following

eategories

(1) Two-stroke or four-stroke working cycle.

(2) High, medium, or low-working speed.

(3) Single or double-acting.

(4) Vertieal. horizontal, vee, opposed piston, ete.

(5) Duty - generating, marine, locomotive. road vehicle, ete.
(6) Supercharged or unsupercharged.

(Considering these in more detail :

(1) Two-stroke or Four-stroke Working Cycle

Classifieation as to the mechanical eyele followed is, of course,
general. At one time it was usual to assume all engines to be
four strokes ** unless otherwise stated,”” but to-day it is necessary
to be quite clear on the point, #s there are as many of one type
as the other. The fundamental diffcrence between the two types
is that in the case of the two-stroke, a separate pump is required
to recharge the cylinder with air, whilst in the four-stroke engine
the working cylinder itself performs that duty. This funda-
mental difference leads to a host of consequent problems, most
of which are concerned with the twin subjects of higher rate of
heat flow and the shorter time available for exhaust and air
induction in the two-stroke. Owing to the fact that a firing
impulse is received twice as frequently in a two-stroke, and thai
valves can be done away with, this type of engine is used univer-
sally for the higher powers, say above 3,000 B.H.P. per uui..
Between 1000 and 3,000 B.H.P., the supercharged four-stroke
and the two-stroke are in equal competition, the two-stroke being
possibly the favourite. Below 1,600 B.H.P. the four-stroke holds
the field at present, chiefly owing to lower fuel and lubricating-
oil consumption. but the now highly rated valve-exhausied two-
strokes are rapidly gaining favour. 1t will he noted that in all
cases of high duty two-strokes, np to 1.000 B H.P. at aay rate,
exhaust valves have been found to be essential, and it can no

47
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pump power. A great deal will depend on scavenging efficiency .
The old-fashioned “ crankease compression "' engine rarely ex-
ceeded a BM E P of 60 Ib./sq. in., whilst engines built under the
Kadenacy patents have exceeded 120 Ib./aq. in. on test. A plot
of two-stroke B.M.E.P. is also shown in Fig. 4-1, but it should
be noted that these are on the one-hour rating.

Piston Speeds
As the piston speed, N, = 2LN, the horse-power expressicn
may be rewritten :
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Tamee IX
! .
Bore, in. . . L w ! a2 | 10 x« ! a s
L rpm. . ’ I 2R K0 e L LT T
x. pressure, Ib.jag. n. i 740 | 790 R (°Ch 1.060
Compression pressure, Ih. /sq. in. 420 430 0 440 440 11 Sl

Cylinder pressure at half stroke | |
Ib./ng. in. ! . | 76 ki Ll £l oo 1o
| ‘

The figures for compression pressure will, of course, depend to
some extent on the pressure at the beginning of compression, but
may be taken as a fair approzimation. Similarly, the values for
pressure at Lalf stroke will depend on the value of “* n (and on
the expansion ratio), but they have some interest, as it is near this
point that the transverse stress due to the inertia of the connecting
rod is a maximum.

The cylinder pressure ought to be regarded as a shock load
when designing the running gear. Some reference has already
been made to the rate of pressure rise in the cylinder, and from
the point of view of fatigue stressing, the rates of rise per second
even in cases where the rise per degree is small, are quite serious.
At 1,200 r.p.m., & rate of pressure rise of 40 Ib./sq. in./degree is
not far short of 300,600 1b./sq. in /sec. As will be pomted out
later, under these conditions the shape of the part is almost as
important as its strength if serious concentrations of stress are to
be avoided.

(2) Inertia and Centrifugal Loads

Inertia forces increase with the square of the speed. Those
dmtothepitonmdeonnectingrodmhnoppoaitioumﬂmgu
loading at top dead centre, and their effect is to reduce the down-
ward loading on the connecting rod and bearings. On T.D.C. of
the exhaust stroke in four-strokes, the inertia forces introduce a
tenaion load in the rod, and this means that the rod has to with-
stand some reversal of stress.

In the valve gear, almost the whole of the load is due to inertia,
and the effect is cumulative. High accelerations require heavy
valve springs to cope with them. This means that stronger gear
is required to resist the stress due to spring forees, and this in
turn increases the inertia loading. The exhaust-valve system of
two-stroke engines is particularly troublesome in this respect.

Centrifugal forces due to rotating unbalanced masses impose
loads on the bearings which travel round the bearing with the
rotation of the crankshaft. They are often in opposition to the
gns loading, but cause stresses in other parts of the engiae, due to
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206 ('”‘II"(F.\'SIU\..'(?\'ITI'I,\' ENGINECOMBUSTION [Cwar 10
period is the third stage or gradual, or controlled, combustion The
fourth stage, or afterburning, is hurning of the fuel after injection
terminates. Thix stage exnnot be controlled and is very unde-
sirable as its efficiency is comparatively low
Figure 10-1 illustrates the process by a pressure-time diagram

the fuel is injected at point 1, but ignition does not start unti!
point 2. Angle a represents the delay period also called sgnition
lag. For a certain engine the delay period depends upon many
factors, as will be shown later.  From point 2 to noint 3, corre-
sponding to a crank angle b, the flame spreads from the initial
nucleus to the main oy of the fuel charge Similar to the
conditions of spark-ignition engines, the flame velocity and
T 3
‘ .

4

w -
Crank Travel from Dead Center, Deg

Fra. 101 ¢ aombustion diagram of a high-speed oil engine.

the pressure rise depend upon turbulence; this second phase of the
process ia very important for a smooth operstion of an engine
During the third stage, erank angle ¢, from point 3 to 4, the fuel
burns as it leaves the fuel nozzle and the pressure may cither
Increase, remain constant, or decrease, depending upon the rate
at which it is delivered to the combustion chamber.  The angle
c ™ a function of the load which the engine is earrving. The
fourth stage, afterburning, is not apparent on the indieator dia

gram. On a diagram taken from an engine, the dividing points
2, 3, and 4 are not pronounced, and the four stages merge one
into another gradually.

10-3. Delay Period.  This period tself is made up of two
parts: & heating period when the cold fuel droplets are heated,
vaporized, and bhrought up to their ignition temperature and a
period of true ignition delay that ends when the first particles
actually ignite However, in engines it is diffieult to distinguish
between these two periods, so the delay period is mensured from
the beginning of the infection to the moment of ignition

Sy« "L‘] “F, ‘) l’“”"' '

at i as it materially
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Cooper-Bessemer compression-ignition oil engine equipped with
a Buchi-Elhot turboblower.  In this engine the mep when super
charged was limited not by available air but by the fucl-pump
delivery

Finally, Fig. 19-8 presents data about the increase of bmep in

two compression-ignition aireraft oil engines as a functien of the

supercharging pressure Curve ¢ gives the same data in respeet
to a large oil engine running at 300 rpm with an unchanged valve

overlap of 30° 2

OOLED BMw ANOVA FNGINE
MR ED PIW- L ANOVA F NGINE
r £ NGINg

SUPE ACHARGING PRESSURE P

Fra. 198 Fleet of supercharging pressure on mean effective

Mechanical Efficiency. — The inerease of friction losses with a
supercharger driven by the engine itself is considerably smaller
than the power gained through supercharging A< a result the
mechanical efficiency, referred (o the maximum load, inereases
with supercharging. Figure 19-9 shows the mechanieal effi
ciencies of a 7-in. X 10-in. six-evhinder ecompression-ignition
Cummins engine at different speeds and mean effective pressures
when operating, supercharged with a Roots blower.® The
mechanical eficiency of the same engine with natural aspiration
at 1000 rpm when developing a bmep of 81 psi was found to he
73 per cent. The influence of supercharging upon the mechanical
efficiency of two aireraft engines is hrought out by Fig. 19-10

"Mavery, V. 1. Mech Eng, vol. 63, p 446, 1941

 Duenel Power, vol 18, p R77, Octoher, 1910

' Knvpaen, 1L, Prablems and Posshalities of Mechanienl Superchargng
of Diesel Engines, iesel Power, vol. 19 p. 836, Octobwr, 1941
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F Economy —Owing to better eombustion beeanse of
inereased turbulenee, better mixing of the fuel and air, and of an
increased mechameal efficiency, the specifie foel consumption in

most eases. though not in all, is lowered v supercharging

=
bmep-/ ‘Up:u

I

T — g

—
<8
—

1
b

700 for 200 0o
[nq.r\c speed, rpm

Mechanien! officiencies of a Cu supercharged ol engine

Figure 19-11 gives an interesting comparison of the perform-
ince of a three-cylinder 9'5-in. X 10 ,.in.  Aleo oil engine at

OO0 rpm: curve ¢, unsupercharged ; enrve d supercharged with

-
[~
|

>
S
—

Ed
2

.
Q
e e g
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AR COOLED BMW LANOVA ENGINE
LIQURD - COOLED BMW - | ANOVA lm INE
} ' '

sxuaws

2 El S
SUPERCHARGING PRESSURE , ’Sl .

CENT

SER

MECHANICAL EFFICIENCY,

Q

Fio. 1900 Fffect of superchnrging on mechamenl efficiency of compression-
wnition nirerafll engines

Roots blower, power inerease about 75 per eent, fuel consump-
tion 5 per ecent lower; eurve ¢ supercharged by a Buchi turbo-
blower, power inerease about 87 per cent, fuel t'nl\«'ﬂ.’ﬂp'iﬂﬂ

13 per cent lower than in the unsupercharged engine
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Curves a and b show also how the performance of this engine
waa improved by putting in turbulence-creating pistons.

Figure 19-6, on the other hand, shows that the fuel consump-
tion of that partieu'ar gasoline engine w. < improved very little
and only at the naximum supercharged horsepower

Fuel Knock —In compression-ignition oil eNgines, inereasing
the inlet pressure decreases the ignition lag and consequently
the rate of pressure rise in the eyvlinder, which results in an
increasing smoothnes< of operation.' On the other hand, in a
gasoline engine, if the engine is operated with a compression ratio
that causes incipient detonation when supercharging and if a

* 10 2 Alco 9 « 104 k‘:yVl mlonqml‘]
i . { [ '
g L -1 ‘
: ® ¢
i ) ‘&f;"* ed 1000 ¥
; N o o 0 o ‘S!;'—'»‘i'.:l«-qw,,. 4,
- g, B-Sume engne @ Yarbulence potons .
H ~Some engine_ terbultnce putons - sperded up, [ |
- Mew cylinder heads, Rods bic wer - enmos deiven l .'L
- - ' . bo-¢ d
S mt mes “pes i "Lvla :

Engine outpul, bhp
0,50, 70 90  Bmep,pu of 1000 rpm
Fomep, poi-al 73 rpm g0 80 l%:! ifo

Fra. 1911 Periormance development of Alco 915-in. X 10'4.in. engin

fuel with the same antiknock characteristics is used, in order to
prevent objectionrble detonation, the compression ratio must he
lowered so that the compression pressure of the supercharged
engine will remsin about the same as hefore supercharging.  This
will slightly lower the thermal efficiency, but the power output
will be increased, as a greater amount of fuel will be burned.  An
engine operating with natural aspiration with a compression
ratio 7:1, when supercharged should have a compression rafio
about 6: 1.

19-4. Limitations. - The permissible amount of supercharging
depends upon the ability of the engine to withstand the inereased
pressure and heat stresses

Pressures.—The increase of the mean effective pressure
naturally increases the mean bearing pressures and mechanical

' NACA Tech. Notes 500, 1036, p R

Sec 19-4] LIMITATIONS 355

friction losses. On the other hand, the maximum pressures .nd
temperatures will go up too.  Thus & six-eylinder 12-in. X 15-in.
by 650 rpm Enterprise oil engine tmxu[.wr«‘hnrgﬂll develops
m-m!inumml_v 670 bhp, or a bmep of 80 psi, with a maximum pres-
cure of about 680 psi.  When equipped with a‘Bm*lu turbine-
driven blower, the engine ean develop a maximum bmep of
162 psi and a eontinuous bmep of 125 psi, or a power increase of
56 per eent; the maximum pressure goes up to nlm‘m 850 psi, the
speetfie fuel consumption goes down from 0.40 Ib /hp-hr to 0.375
Ih/hip-hr, or an improvement of € per cent

o 0 5 Compression pressure W o
E Y b Firing pressure
g’ N - Mean ndicalcA prescure
i H/ - -
—

o -
H -
< / %00
§ ~hood
’ - o
g 7 - '“i

0! S D] S T e Jo
5 0 4 e S 1h 20 b

S\;"(hov,ing pressure, psig

Fra. 1912 Effect of supercharging presaire on varous characteristic pressures.

Figure 19-12 gives the relation between muwnjhargin( pres-
gures, compression pressures, maximum combustion pressures,
and obtained mean indicated pressures for sea-level operation.
The curves represent computed values but are corrected on the
basis of corresponding test data and give an idea of the limit of
supercharging. : .

Temperatures - The above-mentioned Enterprise engine has an
exhanst temperature of 720 F unsupercharged and 960 F super-
chargedd. The Cummins engine mentioned before has exhaust

temperatures as shown on Fig. 19-13; Fig. 19-14 shows the tem-

peratures for the Aleo three-eylinder 9'3-in. X 10 3-in engine
at different loads. '  Finally Fig. 19-15 gives a very rnmp!t-u- pic-
ture of the performance of a six-evhinder 12! 5-in. X 13-n. A.k-u
engine, which supercharged is rated 1000 bhp at 740 rpm. The
exhaust temperature goes up from 720 F, at 80 psi mep, to
HIOO I, at 120 psi mep

CIened Power, veld 19 p. 864, October, 1941
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CHAPTER 27

RUNNING GFAR

27-1. Trunk Pistons. The functions of a trunk piston are:

1. To transmit the gas pressure to the crankshaft

2 To take the side pressures due to angularity of the con-
necting rod.

3. To seal the inside of the eylinder from the erankease

4. To dissipate heat absorbed by the piston top during com-
bustion and early part of expansion stroke

Desian Ohjects. —In designing a piston to meet these require-
ments the following objects must be songht :

1. Strength of the piston, particularly of its head.

2. Rufficient projected side area, and rigidity of the barrel.

3. Minimum work of friction

4. Sealing of the working space against eseape of gases.

5. Preventing the entrance of lubricating oil into the com-
bustion space.

6. Good dissipation of the heat to the eylinder walls,

7. Minimum weight.

The design objects are listed not in the order of their impor-
tance but to conform with the order of functions as licted ahoy e
Good hent dissipation is one of the most important  design
requirements

Materials used o make trunk pistons are in the order of their
importance: cast iron, cast aluminum, forged aluminum, cast
steel, and forged steel.

Cast iron is an excellent material: its main drawback is that
it gives a slightly heavier piston than aluminum However,
with a proper design the difference is only about 10 10 20 per cent.
Cast-iron pistons produee less evlinder-liner wear than aluminum
ones,' especially if they are tin-plated

' Automotive Ind | Jan. 16, 1037, p R Z Ver dent Ing, vol 81, PG,
1937.

498

Sec. 27-1) TRUNK PISTONS 499

Cast aluminum alloy gives better heat dissipation and lighter .
weight but costs considerably more than east iron.  The strength
ix about the same as that of east iron

Forged-aluminum pistons are stronger and <til lighter. They
are used for aireraft engines and heavy-duty high-speed com-
pression-ignition oil engines,

Alloy east-steel pistons are used in some automotive engines
and require liners of great surface hardness.  The same is true
of forged-steel pistons used in some aireraft engines.

Mston Head —The thickness £, of the head or erown can be
computed, considering it a flat round plate of uniform thickness
fixedl at the edges, from the formula

tw = 043D \p S (27-1

where D is the evlinder bore, in |

p i the maximum pressure during combu<tion, psi,

S the allowable stress in bending, pei

A stress of 5500 psi ean be allowed when wang a good close-

grained east iron or an aluminum
alloy with an ultimate tensile
strength of 20000 psi. I the
material used has an ultimate
strength of 30,000 pei, such as
nickel ecast iron, semisteel, or
special aluminum alloy, normal-
ized, then S can be taken as
ROOO psi.  For forged-steel heads
S can be raised to 12,000 pei.
The piston head has often four  Fro. 271 Tk piston of & gns
or six radial ribs a, Fig. 27-1, of T—
thickness £, one-third to one-half the thickness #, of the head, but
it is safer not to consider these ribs when computing (.

-

Tawe 27-1 —~Twicxnmss or Piston Hean

Piston

Four-stroke | Two-stroke
maternal

Type of engine

| !
Compression-ignition oil engines Cast ywron O 11D 0 13D0 16D-0 IRD

Ahwmmm 6 13D 0 1600 17D 0 200
[ Cast om0 1200 1100 200 0 23D

Compression-gnition ml engines
Sparkagmition gas e Wines
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